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Abstract

Smallholder Farmers in Kenya have several challenges in implementing adaptation strategies due to the prevailing
climate change and variability. It is unclear how various challenges have affected the farmers, especially in Evurore
division, Embu County. Therefore, this paper examined the challenges smallholder farmers face in implementing
adaptation strategies to climate variability in Kenya's arid and semi-arid areas. The study adopted a descriptive
research design with a target population of 50,620 people from 13,008 households in the Evurore division. A
sample of 169 respondents was selected scientifically from the target population using the Yamane Taro formula.
The sample population was also comprised of 17 key officials purposively chosen for the study. The study relied
on primary and secondary data obtained using semi-structured questionnaires and published metrological data.
Data were analyzed using descriptive statistics such as mean and frequencies and regression analysis. The paper
established that implementing the adaptation strategies has been minimal due to smallholder farmers' challenges,
including a lack of training for smallholder farmers on climate-smart agriculture, conservation agriculture, soil
conservation, and water conservation. These challenges negatively influenced the farmer's adaptation strategies.
This study used a regression model to determine the relationship between the smallholder farmers' perception of
climate change and the adaptation strategies used to adapt to climate change. The study results indicate a significant
positive correlation between challenges (» = 0.068; p< 0.05). The paper recommended that the government,
through agricultural extension officers, train farmers on the effective implementation of adaptive strategies in the
region.
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1. Introduction

Overreliance on rain-fed agriculture and low adaptive capacity to climate change have made many African
countries vulnerable to adverse climate changes. According to intergovernmental Panel on climate change climate
change is happening and is caused by anthropogenic activities (IPCC, 2021). This has accelerated extreme weather
events such as floods and droughts that adversely affect agricultural production, causing food insecurity and
exacerbating the perennial famine in developing countries. The extreme events are now a matter of concern
because of their frequency and impacts that affect close to 350 million people globally and in sub-Saharan Africa,
notwithstanding Africa's 4% carbon emission into the atmosphere (IPCC, 2022; Aminga and Krampe, 2020).

In Africa, several countries have vast arid and semi-arid lands (ASALs). These countries in SSA are thus
plagued by droughts and flash floods that result in the loss of human lives, the decimation of livestock and a gross
reduction in farm produce (Filho et al., 2018; Ng'ang'a et al., 2016). Moreover, there has been an outbreak of
community conflicts due to water scarcity precipitated by frequent droughts (UN Habitat, 2014; Filho et al., 2018).
International organizations, developed states and non-governmental organizations have come up with concerted
efforts to help the affected poor households (HHs) in developing countries adapt to the vagaries of climate change

Although there is growing progress in research on climate adaptation in Africa, more research on this issue
indicates that adaptation to climate change is still limited and faces numerous challenges (Murieta et al., 2021).
Besides, the Paris agreement’s global goal (2015) on adaptation, which focuses on building adaptive capacity and
resilience and minimizing smallholder farmers’ vulnerability to climate change, has not reached its optimal stage
(Helgeson and Ellis, 2015). Some of the notable impacts of climate change on smallholder farmers are ASALs,
which include food shortage (87.29%), increased food prices (76.27%), and decreased availability of water
(72.43%) (Kalele et al., 2021). The percentages of the affected population show that despite the various on-farm
adaptation strategies used, the adaptation levels remain low (Kalele et al., 2021). This, therefore, calls for more
research to determine the adaptation strategies suitable for ASALs that will cushion smallholder farmers and all
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who live in the ASAL areas from the impacts of climate change.

Given the challenges of adaptation in Africa and Kenya, whose arid and semi-arid landmass is 84%, such
regions are prone to drought, erratic rainfall, floods, and food insecurity (Karimi et al., 2019). One particular area
experiencing such conditions is Evurore, located in lower Eastern, Mbeere North Sub-County, Embu County,
Kenya. Climate change has thus altered the community’s livelihoods in Evurore, who are predominantly
smallholder farmers, hence the need to focus on this population. According to Mugi-Ngenga et al. (2015), climate
variability affects crop production among the smallholder farmers in ASALs, who rely on rain-fed agriculture,
which is affected by the droughts that have become frequent (Aryal, et al., 2021). Research shows that most African
countries "are extremely vulnerable and exposed to climate hazards" (Amegavi et al., 2021).

Filho et al. (2018) argue that less has been done in climate change adaptation to cushion the communities
from climate change threats. These threats are coupled with a lack of resources, policies and good governance to
implement adaptation approaches (Simon & Leck, 2015). Climate change adaptation at the community and
regional level has received attention (Ashaolu, & Iroye, 2018). This notwithstanding, the biggest challenge
bedeviling developing countries is the lack of climate data and impact models that support adaptation in rural areas
(Ashaolu, & Iroye, 2018). Furthermore, studies show that developing countries have limited tools that examine,
comprehend, and document the design to help cope with climate change risks and sustain agricultural productivity
(Ojo et al., 2021).

Research has shown that one-third of the world's drought affects sub-Saharan African countries and those in
the global South (IMF, 2020; IPCC, 2022). The latest IPCC (2022) report projected an increase in harshness and
extreme events such as drought that will affect many people if adaptation to climate change efforts is not
accelerated. Moreover, droughts affect food production and security in ASALs, where smallholder farmers'
subsistence farming depends on rain. The situation is worse in Kenya, where 84% of the landmass is arid and semi-
arid land (ASAL), and the average annual rainfall is 625mm (Ndiritu, 2020). Besides, an associated pestilence
outbreak (Locusts) threatens many lives (IMF, 2020).

In Kenya, smallholder farmers' livelihoods in ASALSs have been affected by the perennial droughts that have
become a common phenomenon (Ochieng et al., 2016; GoK, 2013). The impacts of climate change in the ASAL
areas have led to severe droughts that trigger famine (Speranza et al., 2007) and make most of the smallholder
farmers in ASALSs susceptible to food insecurity (Dougill et al., 2017). Apart from susceptibility to food insecurity,
Ndiritu (2020) argues that the other impacts smallholder farmers face is "loss of rural livelihoods, reduced water
availability that will plummet farm and pastoral production in the ASAL areas". This leads to rural-urban migration
due to a decline in farm yields that forces the young demography to migrate to towns in search of jobs (Giovannucci
etal., 2012). According to a study by Beddington et al., (2012), when the young people desert the rural areas, they
leave behind women and the elderly in the villages, obliging them to take over roles that are not theirs, such as
social protection. Thus they become vulnerable to the effects of climate change that limit the implementation of
adaptation strategies and farm production.

2. Literature Review
The study reviewed several past studies on the challenges farmers face in implementation of adaptation strategies
to climate variability

2.1 Challenges of Climate Change and Adaptation strategies in Arid and semi-arid areas

The temperatures in ASALSs often range from 40°C-20°C, and the mean rainfall received is estimated to be 250mm-
500mm per annum (Ayugi et al., 2016). The increase in the surface temperature is estimated to be 0.5 degrees
Celsius in the past 50-100 years (IPCC, 2014). Therefore, most ASAL areas experience more dry spells and erratic
rainfall exacerbated by climate change (Ndiritu, 2020).

Huynh et al., (2020) argues that every community has a body of knowledge that helps them use and manage
land. They have mechanisms and strategies that help them adapt to challenging situations. Studies have shown that
indigenous knowledge (IK) has not been integrated into climate adaptation strategies making it difficult for the
local community to decide which suitable approach is good. Vinyeta and Lynn (2013) found that IK helps in the
"detection of environmental changes, and formulation of adaptation strategies” to build resilience against the
effects of climate change. More studies have shown that adaptation strategies that integrate IK and incorporate
them with scientific knowledge boost people's capacity to adapt to the impacts of climate change (Kettle et al.,
2014). However, when new knowledge is imparted to smallholder farmers who cannot adapt and implement it and
is void of local knowledge, adaptation to climate change becomes difficult.

A study on adaptation barriers and strategies towards climate change in the Malaysian ASALs by Masud
(2017). Established that farmers in the region were aware of climate change adaptation and thus were ready to
address the challenges of climate change through effective adaptation strategies. The study established that social
and economic factors such as lack of credit facilities, age of the household, farm experience, education levels, and
limited access to agricultural extension services and markets had a significant effect on the adaptation of alternative
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In study by Quandt et al., (2023) assessing opportunities and gaps in climate change adaptation through
agroforestry established that improvement in agroforestry can improve coping mechanisms on risks and
uncertainties brought by change in climate thus increasing the adaptive capacities. The study identified challenges
such as limited awareness on the role of biophysical modeling and the influence of social economic factors on
climate change. The study identified three major gaps that affect the implementation of adaptive strategies; this
are lack of extensive research on the need for integrated biophysical —social economic effects on adaptive practices,
uneven distribution and access of information on geographical climate patterns and inadequate funding to
institutions responsible for studying the weather patterns

Jellason et al. (2021) found that the most significant challenges that smallholder farmers face are a lack of
proper awareness of climate change, adaptation policies, and access to climate information and weather that
smallholder farmers can utilize to cushion themselves from the effects of climate change. A study by Bryan et al.
(2013) revealed that apart from the strategies employed, there is an inadequate adaptation strategy amongst farmers
in managing the effects of climate change. This is attributed to a lack of access to and control of land and financial
capital.

A study by Kimaro et al. (2018) that sought to assess climate change perception and adaptation strategies
among pastoral communities in Northern Tanzania found that pastoralists perceive climate change as erratic and
reduced amounts of rainfall, rise in temperature, and prolonged and frequent periods of drought. The study
established that the popular adaptation strategies employed by the pastoralists were water harvesting through the
building of underground cisterns and building dams. In addition, pastoralists moved their livestock to areas where
there is water and grazing land, and range movement, that is, preserving grazing land through adopting sustainable
range management practices such as rotational grazing. The study, however, established that the farmer lacked
appropriate training on how to carry out these adaptation strategies effectively. Government restrictions on the
movement of herds of cows also negatively affected the pastoralists' activities.

A study to examine climate change perceptions and adaptation strategies in Siaya sub county, Kenya by
Wetende, (2018) established that most farmers were not aware of adaptation strategies. however, those who had
limited awareness on adaptive strategies, viewed them from a narrow perspective of containing diseases as opposed
to responding to climate change. This included spraying of crops, and preserving maize stoves as feeds for
livestock in the dry season. The study recommends for creation of awareness on climate change and facilitation to
access of relevant technology to enhance implementation of climate change adaptation practices.

Kamau et al. (2015) found that the local communities resort to charcoal burning, sand harvesting, hunting
and rainwater harvesting as adaptation strategies. Additionally, a study carried out in the ASALs of Kitui and Yatta
(Kenya) by Oremo (2013) found that most of the smallholder farmers’ adaptation to climate change is constrained
by lack of education, information and scientific and technological knowledge and training that is essential for the
implementation of the new adaptation strategies.

2.2 Theoretical Framework

The paper was supported by the capability approach theory which was advanced by Amartya Sen in the 1980s.
this theory was later advanced by Martha Nussbaum. This theory was developed on the premise that human beings
have different capabilities or abilities to achieve different types of functioning, such as being healthy, educated, or
having a sense of autonomy. These capabilities are influenced by various factors, including social, cultural,
economic, and political circumstances. For example, a person's capability to achieve good health may be
influenced by factors such as access to clean water, medical care, and a healthy environment.

According to Gasper, (2017) the theory emphasizes the importance of expanding people's capabilities and
freedoms, so they can choose to pursue what they value most in life. This approach places value on individual
diversity and the importance of ensuring that individuals have the necessary opportunities and resources to achieve
their capabilities. In this sense, the Capability Approach is often seen as a way of promoting social justice and
human development. Therefore, the capability theory focuses on people’s ability to adapt to challenging situations
like chance in climate and living conditions in the society

3. Materials and Methods

3.1 Study areas

The study was carried out in all the eight locations in Evurore division’s in Mbeere North Sub-County, Embu
County, Kenya. The area is situated in lower eastern Kenya and is part of the larger Mbeere. The location area of
the study was selected because the community is agro-pastoralist and depends on farm and animal production for
subsistence, thus small scale farmers in the region are vulnerable to climate change and variability. In addition,
previous studies have established that farmers in the region are aware of climate variability, this there in need to
explore challenge affecting effective adoption of adaptation practices.
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3.2 Research design

The study used a descriptive research design using quantitative tools to obtain data on challenges faced by
smallholder farmers in the implementation of adaptation strategies to climate variability. The regions covered by
the study include Ishiara, Kamarandi, Ndurumori, Iriatune, Nguthi, Muringari, Kanyuambora and Kiang'ombe.
Stratified sampling technique was used to ensure that respondents across the heterogeneous population groups,
classified according to gender, such as female-headed and male-headed households, were selected.

3.3 Sample Size
The study targeted a population of 50,620 people in 13,008 households in the Evurore division. The sample size

of the study was determined scientifically using Yamane'(1967) formulae,
N

= TNGe)?

n = size of the sample,

N = targeted population

€= error margin.

Therefore:

n=N/ (I+N[e] 2)

n=560/1+560 (0.05) (0.05) =235

Further stratified sampling and simple random sampling techniques were used to select the respondents.

3.4 Data Collection

The study relied on both primary data which was collected using semi structured questionnaires and secondary
data that was obtained from peer-reviewed literature and policies on climate change adaptation from Kenya and
other ASAL areas. These data consisted of the national adaptation and climate change strategic plans. Construct
and Content validity of the research instruments were enhanced through consultation with subject experts and
extensive review of past studies on climate variability and adaptation strategies. Quantitative data was analyzed
descriptively using mean, frequency and inferentially using multiple regression analysis.

4. Results and Discussion
The section presents the findings of the study these includes demographic data, descriptive and inferential statistics

4.1 Demographic Data

From the 235 households selected for the study, 169 were successfully interviewed using a semi-structured
questionnaire, with an overall response rate of 71.9%. According to Babbie (2011), a response rate of 60% is
considered good, and a response rate of 70% is considered impressive for a study. The study established that 15.38%
of the household heads were aged between 26 — 35 years, 27.81% were aged between 36 — 45 years, 24.26% of
the household head were aged between 46 — 55 years, 20.12% were aged between 56 — 65 years, and 8.86% were
aged between 66 — 75 years whereas 3.55% of the household head were aged above 76 years. The findings also
showed that 18% of respondents were women, while 82% were men.

On the highest education level attained by the household heads, the study revealed that 56.2% of respondents
had attained primary education, 29% had secondary education, 11.2% had college or university education, and
those that did not go to school, 3.6%. In addition, the findings on marital status of the household revealed that most
household heads were married and living together with their families, representing 83.4%, 8.3% were widowed,
and 4.7% of the household were divorced. The results found that most households had 4 to 5 members representing
21.3%. While 16% of the respondents had a household size of 6 members, and 13.6% of the respondents had a
household size of 3 members. This shows that most respondents had an average household size of 4 to 5.

On the primary source of household income, the result showed that 28.4% of the respondent practiced crop
farming as their primary source of income, and 9.5% practised crop farming and livestock farming. Further, the
results indicated that 3% of the respondents practiced crop, livestock farming and formal employment as their
primary source of income. Additionally, 12.4% practiced crop farming and menial jobs (Vibarua), 7.7% practiced
formal employment, and 16.6% practiced menial jobs as their primary source of income

On the household land ownership status, the study found that 28.4% of the respondents bought their land,
1.8% had either bought or inherited from the family, 2.4% communally owned the land, and 64.5% had inherited
the land from the family or worked on the family land. Further, the results revealed that 1.8% had leased the land,
and 1.2% had leased family land or inherited it.

4.2 Descriptive Statistics

This study aimed to determine the adaptive strategies used by smallholder farmers in ASAL of Evurore division
of Mbeere North, Kenya. This study employed a qualitative research design based on interviews with participants
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in the agricultural sector, livestock, community leaders, project leaders and local authorities’ cooperative. It
included 17 respondents from eight locations and community members with their experience to maximize the
results and significance of this study. The interviews were based on eight thematic areas (questions) as per the
responses coded as per the thematic areas.

4.3 Awareness of Climate Change and Variability

The findings revealed that 90% of the respondents were aware of climate change and variability, 7% indicated that
they were unaware, and 3% did not bother about climate change. Even though the findings show that a significant
90% were aware of climate change.

Figure 2: Climate change awareness
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Source: Field Data (2022)

4.4 Challenges Faced in Implementation of Adaptation Strategies

In assessing the challenges faced in implementation of adaptation strategies, the findings showed that deforestation
was the main challenge at 30.9%, global warming at 17.7%, and soil erosion at 17.0%. The drought, which affects
most ASALs, trailed at 13.3 %, and pollution was 10%. The other challenges were lack of irrigation water sources,
inadequate rainfall and sand harvesting, sunshine, and water pollution, lack of food, high temperatures and infertile
soils. Quandt (2021) and Wetende et al. (2018) from past studies equally established that the major challenge that
most smallholder farmers have is lack of access to information on climate change and therefore they were not
aware of climate change and adaptation policies that support adaptation strategies. The findings also showed that
most organizations had their programmes integrated with climate change awareness and sensitization campaigns.
“The public is informed on climate change issues through the public barazas (Meetings), especially public
holidays”, said one of the Extension officers working at the ministry of agriculture.

Further the study found that deforestation was the main challenge to the effective implementation of climate
change adaptation strategies, followed by soil erosion. This confirms the findings of the study by Kamau et al.
(2015) that in ASALS, people resort to charcoal burning for survival, and in the process, they cut down trees and
accelerate soil erosion due to sand harvesting. Surprisingly, drought, which other studies had indicated and found
to be a perennial problem affecting the livelihoods of the people in ASAL areas (Ochieng et al., 2016; GoK, 2013),
did not come out as a significant challenge. The findings suggest that the challenges to effective implementation
of adaptation strategies result from deforestation, global warming, soil erosion and drought, leading to
susceptibility to food insecurity and famine (Speranza et al., 2007, Dougill et al., 2017, Ndiritu, 2020).

The key officials’ interviews revealed that most smallholder farmers could not implement the adaptation
strategies they were trained on because they lacked knowledge, finance and government commitment. Moreover,
this study’s findings align with those of Oremo (2013) and Kamau et al. (2015), that adaptation strategies require
financial support.
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Table 11: Challenges of climate change and adaptation strategies

Challenge Frequency %
Pollution 29 10%
Soil erosion 50 17.7%
Global warming 48 17.0%
Deforestation 87 30.9%
Drought 32 11.3%
Lack of irrigation water source 8 2.8%
Inadequate rainfall 6 2.1%
Sand harvesting 5 1.8%
Sunshine 4 1.4%
Water pollution 4 1.4%
Lack of food 3 1.1%
Hot Temperatures 2 0.7%
Infertile soil 2 0.7%
Natural calamities 1 0.4%
Fowl armyworms 1 0.4%

Source: Field Data (2023)

4.5 Adaptation Strategies

The findings in Table 12 revealed that 20.3% of the respondents practised water conservation methods, 24.2% of
the respondents practised tree planting, 14.1% of the respondents reduced the number of livestock, and 11.7%
practised irrigation farming, while 10.9% practised mixed farming. Other coping strategies to adapt to the effects
of climate change include training, planting drought-tolerant crops, and climate-smart agriculture and soil
conservation methods.

These findings reflect what the smallholder farmers had been trained on by the key officials working in
various government sectors and other organizations. The challenges to implementing adaptation strategies, as
found by other studies (Busayo and Kalumba, 2021, Orimoloye et al., 2021, Kalele et al., Oremo, 2013, and IPCC,
2014), are lack of technical capacity, illiteracy, information and on-going training that enhances the capacity of
smallholder farmers to adapt. One of the key officials confirmed this when she said, “We have trained the farmers
on conservation agriculture, rainwater harvesting and drought-tolerant crops. The challenge is that most farmers
are poor and cannot implement what they learned from the training”. Despite all this, there was a strong consensus
amongst the key officials that training smallholder farmers in conservation agriculture, climate-smart agriculture,
soil conservation and drought-tolerant crops could not lead to effective adaptation strategies.

In earlier studies, Kamau et al. (2015) found that smallholder farmers’ adaptation strategies were limited to
what will sustain them, such as charcoal burning, sand harvesting, hunting and rainwater harvesting. When asked
about the adaptation strategies they employ to adapt to the extreme effects of climate change. Additionally, the
findings of other studies (Huynh et al., 2020, Hosen et al.,2020; Kettle et al., 2014, Vinyeta and Lynn, 2013)
revealed that adaptation strategies fail because the IK and adaptation strategies are not integrated with the scientific
and technological knowledge. This could explain why the training smallholder farmers received bore minimal
results.

Table 2 Adaptation Strategies

Measure Frequency Percent
Water conservation methods 26 20.3
Planting trees 31 242
Irrigation Measures 15 11.7
Trainings 6 4.7
Drought-tolerant crops 4 3.1
Reducing the number of livestock 18 14.1
Climate-smart agriculture 4 3.1
Mixed farming 14 10.9
Soil conservation methods 10 7.8

Source: Field Data (2023)

4.6 Inferential statistics
The study used correlation analysis to establish the relationship between the variables under study.

4.7 Correlation Results
The study results indicate that there was significant positive correlation between challenges ( = 0.068; p< 0.05).
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These findings reveal that challenges are positively related to climate change, indicating that an improvement in
one or all of these variables would lead to adopting adaptation strategies. This confirms the findings of the WHO
(2011) studies that young people leave the village to look for jobs in towns and cities.

4.8 Regression Coefficient Results

Regression is a mathematical approach to finding an underlying relationship or difference between two or more
observations. In addition, the regression models used in this study provide insight into the drivers of smallholder
farmers' ability to adapt to climate change. Regression analysis was performed with the independent variables
being challenges, and adaptation strategies were the dependent variables

Table 3: Regression Coefficient Results

Unstandardized Coefficients  Standardized Coefficients t Sig.
B Std. Error Beta
Model
(Constant) 650.466 570.116 1.141 256
Challenges .007 .020 0.034 0.372  0.007

Dependent variable: Adaptation Strategies
Source: Study Data (2023)

The results shown in Table 15 show that the climate change adaptation strategies would be 650.5 if challenges
of adaptation strategies were held constant. The results further showed that the climate change adaptation strategies
increased by 0.007units for every unit increase in challenges. The climate change adaptation strategies in Evurore
division, Kenya. As a result, the study established the following regression model:

Y = 650.466+ 0.007X,

Where Y = climate change adaptation strategies
po = Constant Term

p1 = Beta Coefficients

X; = Challenges

5. Conclusion and Recommendation

This study attempted to understand the challenges farmers faced as they adapted to climate change by analyzing
the potential risks of climate change impacts, assessing their adaptive capacity, and exploring the effectiveness of
adaptation strategies. The results indicated that climatic challenges significantly affected adaptation strategies.
Additionally, the perception of the residents in regards to climate change had a significant effect on the adaptation
strategies. The study found that subjective factors such as perception, knowledge, attitudes and behaviour
determine the smallholder farmers' implementation of adaptation strategies.

Deforestation, followed by soil erosion, was determined to be a significant obstacle to successfully
implementing adaptation strategies. The findings reveal that there appears to be an overall trend among
smallholders toward more drought-tolerant crops. This can be explained by their practice of tree planting, water
conservation, and irrigation as part of their coping strategies for drought.

The findings from this study indicate that smallholder farmers' implementation of adaptation strategies in
ASALs is constrained by the high costs associated with farm inputs. The study recommends for creation of
awareness on climate change and facilitation to access of relevant technology to enhance implementation of
climate change adaptation practices in.Evurore region.
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