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Abstract

It has been projected that sub-Saharan Africa would be severely affected by climate change in
form of persistent and increasing climate variability. Nigeria’s situation as a developing
country coupled with the fact that agricultural activities are primarily rainfed, provides a
suitable case study in which to assess the vulnerability of farming households to climate
variability and change. Lack of data on the nature and extent of vulnerability to climate
variability (particularly annual changes in rainfall and temperature patterns) on food production
systems and livelihoods in Nigeria hinders the development of effective policies to mitigate
the adverse impacts of climate change and variability. The study aims to improve
understanding of the socio-economic, institutional, biological and physical factors that
contribute to vulnerability of farming households to climate change and variability in Nigeria.
By combining descriptive, participatory and statistical analysis as well as field observations,
this research develops a holistic approach to assess the level of exposure, sensitivity and
adaptive capacity of farming households. Multistage sampling was used to purposely select
communities in Bokkos Local Government Area, Plateau State, for the study, while farming
households were randomly selected for the household questionnaire survey within four
communities. Purposive sampling was used to identify key informants for interviews.
Observation and taking photographs of farmers’ activities were used to complement the other
data collection methods. Qualitative data was analysed using descriptive and content analysis,
while the quantitative data was analysed using the Statistical Package for Social Sciences
(SPSS) (v 27) and Microsoft Excel (v2020). The level of vulnerability of farming households
was determined using the Sustainable Livelihood Approach. Results show that farmers are
exposed to climate variability in form of changing rainfall patterns which includes late onset
of rains, dry spells, and early cessation of rains and crop loss due to pests and disease
infestation. Results show that the vulnerability of farming households can be linked to access
to household livelihood capital assets and that households are characterised by low levels of
financial, social and physical capital. Smallholder farming households adopt a range of on-
farm and off-farm adaptation strategies including changing planting time, crop diversification,
engaging in irrigation farming, intensifying the use of fertilizers, manure and agro-chemicals
to boost crop yield, and planting of disease-resistant and drought-tolerant crop varieties.
Farming households experience a number of challenges which include a lack of financial
resources which has a strong influence on enhancing other capital assets such as physical and

natural capitals; poor access to mechanised agricultural equipment, lack of training on how to



deal with climate change and variability, limited access to improved crop varieties as well as a
lack of institutional support, which constitute serious barriers to adaptation to climate
variability. In applying these results to climate change adaptation it is recommended that
policymakers need to institute specific and implementable climate change adaptation policies
that will enable farmers to utilize their capital assets on effective adaptation measures and also
engage in viable alternative livelihood diversification strategies, enhance agricultural
productivity and resilience and improve institutional support including access to information

and training.

Key terms: rural livelihoods, vulnerability, adaptation, climate variability, diversification,

resilience
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Chapter One: Introduction

1.1 Background to the study

The impacts of global climate change and variability is now considered a major environmental
and socio-economic problem which continues to cause climate-driven threats and hazards to
people around the world (Adu et al., 2018; IPCC, 2021). Furthermore, empirical research have
shown that future extreme weather occurrences, such as droughts, storms, floods, and higher
temperatures, are anticipated to increase, with Africa being more susceptible to negative effects
(Niang et al., 2014; Nangombe et al., 2018).

Although numerous economic sectors have been found to be significantly impacted by climate
change, no sector has been negatively impacted as much as agriculture (Calzadilla et al., 2013;
Bandara and Cai, 2014; Evans et al., 2014; IPCC, 2022). This is explained by the fact that most
smallholder farmers, especially those in developing nations, rely on rainfall for a variety of
agricultural activities (Calzadilla et al., 2014; Serdeczny et al., 2017). As a result, a small
change in climate or extreme weather events could feasibly have substantial effects on
agricultural productivity, particularly in countries where smallholder farmers are susceptible to
these changes because of growing incidence of poverty, inadequate technological development
and an overreliance on rainfed (Barrios et al., 2008; Nelson et al., 2014; Mulwa et al., 2017).
According to Kotir (2011), due to its strong reliance on agriculture and natural resources,
warmer baseline climatic conditions, little precipitation, and poor capacity for adaptation, sub-
Saharan Africa (SSA) is thought to be the region most vulnerable to the effects of climate
change (Pereira, 2017). This view is supported by Barrios et al. (2008), Livingston et al. (2011)
and Mulwa et al. (2017) who emphasised that in the second half of the 20th century, climatic
change in SSA was very sensitive to agricultural production, leading to a significant decline in
agricultural productivity ((Sultan et al., 2019; Ortiz-Bobea et al., 2021). To further buttress this
point, the IPCC has documented that changes in weather patterns has had an adverse effect on
the livelihoods of smallholder farmers in SSA (IPCC, 2014). This is attributed to the fact that,
rain-fed agriculture forms a major part of agricultural production in SSA, as argued by
Cadzadilla et al. (2013), and covers about 97% of arable land. Furthermore, Serdeczny et al.
(2017) contends that extreme spatial and temporal variability in temperature and precipitation
are climate factors that have a direct impact on agricultural productivity in SSA, not just
because of the significance of the range between high and low values but also because of how

frequently and how intensely these extreme events occur.



Future climate change impacts may portend more challenges for SSA’s agricultural
productivity (Kotir, 2011; Calzadilla et al., 2013; Serdeczny et al., 2017). According to the
IPCC's Sixth Assessment Report (AR6) (2022), regions of SSA are predicted to become the
most vulnerable by 2100, with agricultural losses from climate change likely to range from 2%
to 7% of Gross Domestic Product (GDP). Jones and Thornton (2009), Schlenker and Lobell
(2010), Burke et al. (2015) and Emediegwu et al. (2022) argued that because agriculture in
SSA is predominantly rain-fed and the effects of weather shocks may persist overtime, climate
change and variability may cause yields of important staples including maize, groundnuts,
millet, sorghum, and cassava in the region to decline by 10-20% by 2050 or perhaps by up to
50%. Furthermore, the IPCC forecasts that by the end of the twenty-first century, temperatures
in SSA will rise by up to 3°C (Sultan et al., 2013). By 2050, major agricultural yields are
anticipated to be significantly impacted negatively by climate change and variability, which
will result in smallholder farmers’ livelihoods being adversely affected unless they identify
ways to improve their adaptive capacity to deal with both current and future climate change

outside of their experienced coping range (Adger et al., 2003).

Therefore, it is crucial to find solutions to support farmers who are struggling to adapt to
climate change and sustain their livelihoods in Africa’s rural economy. It has been argued that
adaptation to climate change is not a new phenomenon for smallholder farmers in developing
countries (Adger et al., 2003; Boansi et al., 2017; Khanal et al., 2021), but a situation which
they have traditionally managed by relying on autonomous systems of adaptation and drawing
on inherent livelihood assets to enhance their resilience. However, as changes in climate are
now more persistent, extensive, and variable (Kotir, 2011; Serdeczny et al., 2017), farmers
need to device more innovative and sustainable strategies to deal with persistent variable
climate. In the light of this, it may be that only those who can adapt their livelihood capital
assets effectively will be able to obtain their livelihoods continually (Moser, 2011; Stein and
Moser, 2014; Turner, 2017). Moser (2011) further argues that an assessment of the stock of
livelihood capital assets smallholder farmers have at their disposal will provide an indication
of those who will be able to best adapt and sustain their livelihoods in the face of climate
variability. Farmers adopt various adaptation measures based on their available and accessible
assets or a mix of resources at the household, community and national level (Pandey et al.,
2018). However, there are concerns that using autonomous adaption measures and practises in
agricultural production in developing nations will not be effective enough to provide

adaptability and resilience to upcoming climatic variability (Kaland-Joshua et al., 2011,
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Quandt et al., 2019). This is due to the unprecedented rate of present climate variability and

predictions of persistent changes in the future (IPCC, 2022).

Tanner and Mitchell (2008) claimed that even if smallholders may own a variety of resources
for their livelihoods or have access to them, these might not be adequate to ensure sustainable
resilience against the negative effects of climate change. This is due to the fact that the process
of protecting or adapting the assets owned by people or families does not occur in a vacuum
(Moser, 2011). External factors including governmental policies, political institutions, and non-
governmental organisations (NGOs) have a significant role on an individual or household.
These could be rules or legal frameworks that restrict or permit access to these resources or
make it easier for resources to be adapted in various ways (Tanner and Mitchell, 2008; Moser,
2011). This is evident in developing countries where governments may be unlikely or unwilling
to provide services such as weather information, extension services, agricultural inputs, road
infrastructure and ease regulations on land tenure, to reduce vulnerability and enhance the
adaptive capacity of smallholder farmers (Moser, 2011; Otitoju and Enete, 2016; Ayanlade et
al., 2017). In view of the aforementioned, diversification of livelihood strategies to further
enhance livelihood assets is considered as a viable means through which smallholder farmers
can reduce vulnerability, enhance their adaptive capacity and build resilience to climate change
impacts (Hansen et al., 2011; Antwi-Agyei et al., 2014; Asfaw et al., 2018).

Smallholder farmers continue to depend on agriculture for their sustenance (Bouroncle et al.,
2017), particularly in emerging nations like Nigeria. Nigeria with an estimated population of
over 200 million (UNPD, 2019), is the most populous country in Africa. Despite the dominance
of foreign exchange earnings from petroleum, Nigeria's economy still views agriculture as one
of its most crucial sectors. It contributed 23.4% of Gross Domestic Product (GDP) in 2022 and
employs about 35.09% of the labour force (National Bureau of Statistics, 2023). According to
Yila and Resurreccion (2013), it is estimated that over 90% of agricultural products or output
in Nigeria comes from small-scale (<5 hectares) farming. According to Chiaka et al. (2022)
smallholder farmers continue to be the primary producers of food in Nigeria and other
emerging and low-income nations, accounting for the majority of these nations' food supply.
They also asserted that despite inadequate access to agricultural inputs, smallholder farmers
have been the primary source of the country’s food supply to keep pace with the rising food
demand in the face of climate variability. This poses a challenge for agricultural development

and food security in Nigeria (Yila and Resurreccion, 2013; Ayanlade et al., 2017). Despite the
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growing urban population, the majority of Nigerians (more than 56%) still reside in rural areas
where about 70% are engaged in agriculture (Federal Ministry of Environment, 2014;
Onwutuebe, 2019). This pinpoints the fact that agricultural productivity and livelihoods of
farmers are being threatened considering that the nature of agriculture is primarily rain-fed,
and as a result, sensitive to fluctuations in rainfall (Ogbo et al., 2013; Yila and Resurreccion,
2013; Olayinde, 2016; Ojo et al., 2021).

Nigeria’s vulnerability to climate change, may be explained by its tropical location and a
number of socioeconomic, demographic, infrastructure, and policy tendencies that makes it
difficult for it to adapt (Ogbo et al., 2013). The tropical climate experienced in the country has
two precipitation regimes: low precipitation in the north and high precipitation in parts of the
southwest and southeast in the rainy season. This can lead to late rainfall onset in north-central
areas; aridity, persistent droughts and desertification in the northwest and north-eastern parts
of the country; and erosion and large-scale flooding in the south (Akande et al., 2017). Mereu
et al. (2015) reaffirms this view by using an ensemble of future climate projections to assess
climate impact on crop yield in Nigeria. They asserted that over the medium-term period
towards 2050, an increase in precipitation may not result in an increase in crop yield because
of a corresponding increase in temperature in most parts of Nigeria. This is evident in areas
where climate variability has affected agricultural production in recent years, causing frequent
crop failures and decrease in yield due to false start and early cessation of rains, droughts and
increases in temperatures which limit the growing season (Ayanlade et al., 2017; Ologeh et al.,
2018; Nnadi et al. 2019). Other political, economic, social, and environmental issues include
underdevelopment, high rates of poverty, educational inequality, land degradation, and poor
agricultural policies that restrict agricultural development surround these climate variations
(BNRCC, 2011; Otitoju and Enete, 2016; Ayanlade et al., 2017). Therefore, it is even more
important to look into the adaptation strategies employed by farming households to combat the
negative effects of climate variability in order to identify the most effective policy measures
for lowering risk to livelihoods.

In view of the aforementioned, this study focuses on investigating the vulnerability of
smallholder farmers to climate variability (fluctuations in temperature and rainfall), and ways
in which their livelihood assets influence their choice of adaptation strategies against the

impacts of climate change. Furthermore, the study also investigates the extent to which



diversification of livelihood strategies has enabled smallholder farmers to develop resilience

against climate change.

1.2 Problem Statement

Climate change and variability will persist into the future and local communities in developing
nations, particularly in Africa, will be adversely affected. Their low adaptive capacity, brought
on by institutional, political, economic, and cultural marginalisation, has hindered their ability
to adjust to climate extremes. This is largely due to their dependence on natural resources for
their livelihoods. Although farming communities in SSA have been coping with climate change
by employing farmer-led strategies and relying on their livelihood’s assets, persistent climate
variability and its effects add a new aspect to this problem (Burton, 2009; Antwi-Agei et al.,
2014). This could lead to an erosion of household livelihood assets, increasing their

vulnerability.

The study area (Bokkos (Local Government Area) LGA in central Nigeria) is one of the major
agro-ecological zones on the Jos Plateau and is known for the cultivation of Irish potato
(Solanum tuberosum) which is considered a cash crop in Nigeria, and many vegetable crops
that are not grown any were else in the country. These crops include tomato, cabbage, green
beans, green pepper, carrots, chillis and many other vegetable crops. Irish potato is a crop that
is highly sensitive to both temperature and rainfall. It does well in temperate cool climates with
optimum temperature of about 18°C and moderate rainfall ranging between 850 mm to 1200
mm in a growing season, and at an altitude between 1400 m and 3000 m asl (Ndegwa et al.,
2020). Hence, a continuous fluctuation of rainfall and temperature within a growing season
will result in significant crop losses (Jovovic et al., 2016). Most people in Bokkos depend on
agriculture for their livelihood, thus any changes in productivity will have an effect. Recent
climate variability and extremes in Bokkos have increased the vulnerability of farmers to
impacts of the changing climate. These variations in climate are characterized by late onset of
rainfall, high temperatures, rainstorms and frequent dry periods in the rainy season, which has
increased incidences of crop loss as well as pests and disease infestation that have destroyed
large number of crops like Irish potato (especially during the 2014 potato late blight disease),
maize, beans and sorghum (Chuwang, 2014; Makate et al., 2018). This has resulted in depletion
of farmers’ livelihood assets forcing many farmers to abandon the cultivation of Irish potato

entirely, cultivate crops for only subsistence purposes or rent out their plots of land to other



farmers. These may decrease the crop yield for both subsistence and commercial purposes
hence reducing farming households’ income, and may ultimately plunge farmers into an
unsustainable livelihood and eventual poverty. The fact that farmers in the study area have been
modifying their farming practices to adapt to climate change and strive to keep on producing
annual expectation of their “crop of choice” yield, provides a context to investigate smallholder
farmers’ vulnerability to climate variability, how they use their bundle of livelihood assets in
choosing adaptation strategies, and to understand the ways in which they have diversified their
livelihood strategies to enhance these assets, and develop resilience to impacts of climate

change.

1.3 Thematic focus and justification of the study

Persistent fluctuations in rainfall and temperature have reduced the adaptive capacity of
farming households in Nigeria to maintain food production. It is noteworthy that although that
climate is changing rapidly, farmers are not passive participants in climate events (Darnhofer,
2020). Farmers use their individual and communal assets and resources to identify and adopt
various techniques and strategies to adapt to changing rainfall and temperature patterns that
regularly affect their farming and enabling them obtain their livelihoods (Cooper et al., 2008;
Kumasi et al., 2019). This is important because the more assets farmers have at their disposal,
the less vulnerable they will likely be to adverse changes in climate, and hence more prepared
to recover from the effects of extreme weather patterns (Paavola, 2008; Harvey et al., 2014).

Observations from a sub-Saharan African perspective (Cooper, 2008) suggest that frequent
climate changes and variations leading to extreme weather conditions will overwhelm the
capacity of farming households to adapt effectively to these changes. This will consequently
have a severe impact on household food security and entire crop production in sub-Saharan
Africa. As a result, it is important for rural farming households to adopt more effective and
efficient strategies which will enable them to build resilience. This will guarantee that they
continue to obtain their livelihood in the face of a persistently changing climate (Kumasi et al.,
2019). It is within this context that that proper asset adaptation, leading to effective adaptation
measures, and enhanced livelihood diversification strategies are considered as a means to
decrease vulnerability, generate income and improve crop production and yield (Asfaw et al.,
2018; Shinbrot et al., 2019). Based on these observations, this study focuses on understanding
how farmers in north-central Nigeria gain access to assets and use them to adapt to the adverse

impacts of changing rainfall and temperature patterns. The study is also concerned with
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providing insight on the adaptation strategies farmers adopt and other livelihood diversification
measures they engage in. Furthermore, this study also aims to understand the factors that
influence the choice of adaptation measures farmers use against the impacts of climate
variability for effective food production and sustainable livelihoods.

1.4 Research questions
Based on the observations above, this study was guided by the following research questions:

i.  What are the most sensitive climate stressors farmers are perceiving in the study area?

Ii.  What are the various factors that contribute to household livelihood vulnerability to
climate change and variability in Plateau State?

iii.  Inwhat ways have livelihood assets influenced the adoption of adaptation strategies by
farmers in Plateau State?

iv.  How has diversification of livelihood strategies enhanced livelihood assets and
contributed to developing resilience of farming households to the impacts of climate
change and variability?

v. What insights does diversification of livelihood strategies provide for policy
intervention at improving livelihood assets and developing resilience of farming
households to climate change and variability in the study area?

vi.  What are the implications of the research in a wider context, particularly for sub-
Saharan Africa?

1.5 Research aims and objectives
Due to their reliance on rain-fed agriculture and limited ability to adjust to these climate
extremes, Nigerian farmers are particularly sensitive to climate change and variability. Based
on this premise, the research sought to assess livelihood vulnerability and adaptation of
smallholder farmers to climate variability in Plateau State. The study also sought to understand
how livelihood assets influence the adoption of adaptation strategies and how diversification
of livelihoods can help farmers enhance their bundle of assets of different types. The study also
investigated how farmers adapt their livelihood assets to reduce vulnerability and develop
resilience to the impacts of climate change and variability. As regards the aforementioned aims
of the research, the objectives were to:

i.  Identify the main cause of vulnerability to climate variability and change in the

study area.



ii.  Identify and evaluate farming households’ capital assets and their link to
adoption of adaptation strategies.

iii.  ldentify the different adaptation strategies being employed by farmers to cope
with persistent climate variability and change in the study communities.

iv.  Identify factors that influence the adoption of adaptation measures by farmers
in the study area.

v.  Create an inventory of livelihood assets that farming households rely upon to
build their adaptive capacity and develop resilience against the impacts of
climate change and variability.

vi.  ldentify the livelihood diversification strategies farming households in the study
area adopt to enhance their assets and develop resilience to climate variability
and change at the household and community levels.

vii.  Identify which policy changes should be made at the local and regional levels
to lessen the vulnerability of agricultural production systems and smallholder

livelihoods to climate change and variability.

1.6 Theoretical, conceptual and academic contributions

The approach of applying a mixed-methods approach and asset adaptation and livelihood

vulnerability assessment procedures in addressing the aims and objectives of this study

provides valuable insights on several academic aspects. These include:

The addition of knowledge on the scientific debates on the improvement of an integrated
vulnerability assessment that are applicable in geographical areas where detailed data may be
inadequate, such as in Nigeria and sub-Saharan Africa.

Increasing both theoretical and practical insights into crop production and rural livelihood
vulnerability to climate change and variability that will elicit more debate on capital asset
utilization for effective adaptation measures, livelihood diversification strategies that would be
adaptable and resilient to future adverse climate changes.

Enhancing the understanding of factors that contribute to livelihood vulnerability to climate
change and variability in agriculturally dependent households and communities to improve the
policy and implementation of programmes that are aimed at climate change adaptation.
Increasing scientific discuss and subsequent understanding on how rural farming households
adapt their bundle of assets with the aim of reducing the adverse impacts posed by climate
variability and change.

Providing insights into adaptation barriers farming households face in implementing adaptation

strategies in the face of extreme rainfall and temperature patterns, hence enabling the
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implementation of policy recommendations to help reduce vulnerability and improve crop
yield. This will help build adaptive capacity and enhance resilience to climate change and

variability in Nigeria and sub-Saharan Africa.

1.7 Definition of key terms and concepts

There is no consensus on a generally accepted definition of terms such as vulnerability,
adaptation, adaptive capacity and resilience in the climate change literature. Considering the
fact that the definition of these terms and their concepts are often diverse and, in some cases,
contested, working definitions used by the IPCC (2014) are provided here and applied
throughout the analysis and discussions (Table 1.1).

Table 1.1: Definition of key terms and concepts (IPCC, 2014).

Terms Definition

Vulnerability Vulnerability is defined as the propensity or predisposition to be
adversely affected. According to the IPCC, vulnerability is a result of a
system's exposure, sensitivity, and adaptive capacity. It incorporates a
variety of ideas, including sensitivity or susceptibility to harm and lack

of capacity to cope and adapt.

Adaptation Adaptation is the process of adjusting to the consequences of a current
or predicted climate. In human systems, adaptation aims to reduce or
prevent harm or take advantage of beneficial opportunities. In some
natural systems, human intervention may help in adapting to expected
climate and its impacts.

Adaptive A system's adaptive capacity refers to its ability to adapt to climate
capacity change, including climate variability, in order to minimise possible harm,
seize opportunities, or deal with the effects. This research adopts the
IPCC definition because it allows a wide conceptualization of the
measures farming households are taking as well as the resources they

have at their disposal to adapt to climate variability.

Livelihood According to Chambers and Conway (1992), a livelihood consists of the
skills, possessions (including stores, resources, claims, and access), and
activities necessary for a means of subsistence. Assessing livelihoods

offers an opportunity to have an insight into the various adaptation




options that might be available to help households deal with decreased

crop Yyields in the face of climatic variability and change.

Resilience The ability of social, economic, and environmental systems to respond
to or reorganise in ways that preserve their fundamental function,
identity, and structure while also preserving their capacity for adaptation,

learning, and transformation is known as resilience.

1.8 Methodological approach

The study used a mixed-methods qualitative and quantitative approach to acquire data from
farming households, stakeholders and key informants about the nature of vulnerability to
climate variability and change in their communities, and how they adopt adaptation strategies
in dealing with the impacts of extreme weather conditions. Data collection techniques which
included household questionnaire surveys, focus group discussions, key informant interviews
and field observations enabled the researcher to obtain information about the impacts of climate
variability on farmers’ livelihood activities in the study area and the measures they used to
adapt to adverse conditions and reduce vulnerability in order to build resilience. Data collected
were analysed using qualitative methods which involved content analysis for household
questionnaire surveys, focus group discussions and key informant interviews, while field
observation was analysed using descriptive analysis. For the necessary statistical analysis,
quantitative data were coded using the Microsoft Excel and Statistical Package for Social
Sciences (SPSS) (v27), which allowed for the identification of patterns and drawing inferences
from the data set.

1.9 Scope of the study

This study focused on understanding the vulnerability of four (4) farming communities of
Bokkos, Mbar, Daffo and Mushere in Bokkos Local Government Area (LGA) of Plateau State
(north-central Nigeria) (see Figure 3.1) to impacts of climate variability. The study employed
a mixed-method approach of collecting and analysing both qualitative and quantitative data to
understand how farmers adapt to climate variability and change. The study participants were
farmers in Bokkos LGA, traditional community leaders, heads of farmer groups, agricultural
extension officials and women groups. Data collection was undertaken within two periods
between June and December 2021 which comprised when rain-fed farming occurs and dry

season (irrigation) farming takes place. Methods used in data collection involved household
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questionnaire surveys, key informant interviews, focus group discussions, farm observations
and audio recordings, and photographs. These enabled the capture of participants' views and
assessed their opinions on climate variability and adaptation to climate change in the study
area. Since inadequate access to capital assets reduces adaptive capacity and increase
vulnerability in rural farming communities, this study assessed farmers’ access to livelihood
capitals and the various livelihood diversification measures they engaged in to enhance their
income and adaptive capacity which will contribute to their overall resilience to the adverse
impacts of climate variability and change.

1.10 Structure of the thesis

The seven chapters that make up this thesis are organised in relation to the goals and objectives
of the research. After this introductory chapter, Chapter Two presents a review of the relevant
literature on climate change and variability and how its impacts contribute to vulnerability of
food production systems and smallholder farmers’ livelihoods with particular reference to sub-
Saharan Africa. The chapter also provides an overview of earlier research on the several
frameworks that have been applied to evaluate the vulnerability of farming systems and
sustainable livelihoods. It also looks at ideas related to asset-based adaptation to climate change
and the literature on climate change adaptation. Chapter Three describes the characteristics
of the study area including its location, climate, geology and soil, human and economic
activities. Chapter Four describes the research design, selection of study sites and sampling
procedure. It also describes the data collection methods including instruments used and data
analysis techniques employed. The ethical consideration used in the study was also explained
as well as limitations of the study. Chapter Five presents the findings on farmers’ vulnerability
to climate variability, highlighting the exposure and sensitivity of their livelihood activities to
impacts of climate variability and how they respond through adoption of adaptation strategies
to cope with these changes. Chapter Six presents the discussion of the results, comparing
relevant aspects to related literature. Chapter Seven presents the conclusion of the study by
summarising the main findings and highlighting the contribution of the study to the broader
literature on the impacts of climate variability and change in sus-Saharan Africa while making

recommendations for future research.
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Chapter Two: Literature Review

2.1 Introduction

This chapter aims at providing a review and critical evaluation of existing research on farming
households’ vulnerability and adaptation to climate change and variability. This is done by
highlighting the main themes and reviewing literature from several scholars to assess
smallholder farmers’ vulnerability to climate change. This chapter will therefore discuss
themes including vulnerability to climate variability and change, farmers’ adaptive capacity
and adaptation strategies to climate change, sustainable livelihood and livelihood

diversification.

2.2 Concepts of vulnerability to climate change and variability

The term vulnerability is frequently used in the social sciences, particularly in poverty
assessment (Fussel and Klein, 2006) and socio-ecological research that examines the impact of
climate change on livelihoods (Kok et al., 2016), despite its roots in ecological fields related
to carrying capacity (Adger, 2006). The concept of vulnerability has also been used in research
on food insecurity, natural disasters, and climate change (Mutabazi et al., 2015; Adu et al.,
2018; Williams et al., 2018; Huong et al., 2019), where it has been applied to examine the
well-being of people in terms of their exposure to stress, their capacity to handle it, its effects,

and the possibility of a gradual recovery.

Researchers have used different approaches in the study of vulnerability. Some essentially
consider vulnerability as being influenced by socio-economic factors such as employment,
income and health without focus on the environmental stressor(s) itself (Adger, 2006; Hahn et
al., 2009; Antwi-Aygei et al., 2013; Vilissa, 2016; Cooper and Wheeler, 2017), while others
approach vulnerability by focusing on just the physical stressor and proposing solutions that
will limit the impacts on vulnerable households and communities (Fussel and Klein, 2006;
O’Brien et al., 2007). These techniques have a flaw in that they could overlook crucial elements
that impact how and to what extent environmental stressors affect different people, as well as
the fact that vulnerability is brought on by the interaction of several variables within the socio-
ecological system (Kelly and Adger, 2000; O’Brien et al., 2007).

However, several other studies (Luers et al., 2003; Bisaro et al., 2010; Delaney et al., 2014)

have adopted a multiple stressors vulnerability research approach that focuses on the
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socioeconomic traits of communities and the type of environmental stressor. This has resulted
in a measure of consensus on how vulnerability studies can be approached and assessed across
the field of vulnerability research. In this context, therefore, this study adopts the IPCC (2014)
definition of vulnerability to climate change and variability as “the degree to which an
environmental or social system is susceptible to, and unable to cope with adverse effects of
climate change, including climate variability and extremes” (IPCC, 2014). This enables the
identification of the range of adaptive capacities in such communities or households, as well
as a broad concept that will take into account the degree to which agricultural communities or
households are unable to withstand the negative impacts of climate variability on their

livelihoods.

There are two opposing perspectives on how vulnerable people are to climate change. These
are the starting-point approach and end-point approach (Kelly and Adger, 2000; Fussel and
Klein, 2006, Hosu et al., 2016). The starting-point concept holds that a person's or a social
group's sensitivity to a risk depends on their state of existence, or more particularly, their
capacity to respond to the danger, rather than what may or may not happen in the future (Kelly
and Adger, 2006). By including the social and economic processes of inequality and
marginalisation as the drivers of climate change vulnerability, the starting-point method seeks
a wider area of policy action compared to end-point vulnerability studies (O'Brien et al., 2007;
Hosu et al., 2016). The end-point approach states that study begins with future projections,
continues with the development of climate scenarios, biophysical impact studies, the
identification of adaptation alternatives, and culminates with the evaluation of vulnerability
(Kelly and Adger, 2000; O'Brien et al., 2004; Hosu et al., 2016). In this case, vulnerability is
defined as the consequences of this evaluation that persist even after all practical alternatives
have been considered (Fussel, 2007). The two approaches have distinct differences in how they
evaluate adaptation. While end-point analyses continue to hold that a system's vulnerability is
determined by its adaptive capacity, the starting-point method considers that it is rather that
system's vulnerability that determines its adaptive capacity and adaptation (Fussel and Klein,
2006).

In order to determine the inherent adaptive capacities that may be used to adjust to climate
variability, the starting-point approach is used in this study to evaluate the current vulnerability
of agricultural households and their livelihoods to climatic variability. This can guide the

development of policies that attempt to lessen the vulnerability of these households and
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communities. The main purpose of using the starting-point approach to vulnerability
assessment is to prioritise political and research efforts towards particularly vulnerable farming
households, communities and regions. Additionally, it tries to create adaptation plans that lower
climate-related hazards independent of their root causes (O’Brien et al., 2004; Fussel and
Klein, 2006). Hence, the household vulnerability indicators in the study involved the creation

of indices from the present exposure, sensitivity and adaptive capacity of farming households.

2.2.1 Defining vulnerability

Researchers agree that defining vulnerability usually involves using the following terms:
exposure, sensitivity and adaptive capacity (Adger et al., 2006; Eakin and Luers, 2006; Huong
et al., 2019; Endalew and Sen, 2020). In this definition, vulnerability is increased by the

components' exposure and sensitivity while being decreased by their capability for adaptation.

Exposure refers to the type and degree of repeated major climate stresses that may be
experienced by a given system or community (O’Brien et al., 2004; IPCC, 2014). As a result,
for a system or community to be vulnerable, a stressor must be present (Eriksen, 2008).
Environmental stress can be exacerbated by a confluence of many socio-economic and political
factors, leading to situations in which there are two or more exposures are possible (O’Brien et
al., 2004; Rurinda et al., 2014). A system's sensitivity, on the other hand, determines how it
will respond to climate change and may be influenced by its socioeconomic and ecological
context (IPCC, 2014). As a result, the degree of sensitivity is dependent on both how well the
system functions intrinsically and how much stress is placed on that particular system (Smit
and Wandel, 2006).

In relation to climate change, adaptive capacity has been defined as “the ability of a system to
adjust to climate change (including climate variability and extremes) to moderate potential
damage, take advantage of opportunities, or to cope with the consequences” (IPCC, 2014).
According to Engle (2011), adaptive capacity generally refers to various characteristics of a

system that allow it to lessen the negative effects related to climate change and variability.
There has been limited research on vulnerability of smallholder livelihoods in Africa aimed at
empowering farmers’ adaptation planning. To identify issues for intervention, however,

research has been done on how human and biophysical pressures interact to affect vulnerability
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(Delaney et al., 2014; Rurinda et al., 2014; McDowell et al., 2016; Tanago et al., 2016;
Jurgilevich et al., 2017). None of these studies, however, has concentrated solely on the
vulnerability of African smallholder farming households and how they make use of their
resources to lessen the effects of climate variability.

A downside of the vulnerability concept and its practical application is the fact that it is difficult
to measure, and as such difficult to identify or monitor, particularly from a global perspective
where different countries and organizations may have different measures. However, a common
strategy used by researchers is to choose a set of proxy indicators and estimate indices or
averages for the chosen indicators in order to measure vulnerability (Luers et al., 2003;
Gbetibouo et al., 2010). Indicators are therefore defined as numerical measures, typically single
values, that are used to reflect an attribute of interest about a certain household, community or
system (Hinkel, 2011). A shortcoming of this method is that indicators may behave differently
when used across large spatial scales (Eakin and Luers, 2006; Hinkel, 2011) because of
complexities and peculiarities of such regions. Regarding this, it is essential to have a
transparent and understood technique when creating the indicators used in vulnerability
assessments (Abson et al., 2012). Another criticism is that communities may not be included
in the construction of such vulnerability indices, which are largely based on theoretical
constructs, addressing what is thought to influence sensitivity to climatic variability at the local
level (Thomas et al., 2007; McDowell et al., 2016). In order to find and attempt to elicit
additional information that can be gathered from local level vulnerability analysis that is
lacking in these national and regional level studies, this study addresses this challenge by using
a participatory approach. Additionally, this strategy has been criticised on the grounds that
since current proxy indicators are dynamic, they will present an issue when evaluating future
vulnerability to climate change and variability (Leichenko and O’Brien, 2002; Erikson and
Kelly, 2007; Vincent, 2007), which is descriptive rather than predictive. This is due to the fact
that this technique does not account for temporal and spatial changes and only offers insight
into the current vulnerability of a certain household or community. This study uses local-level
participatory methodologies, such as focus group discussions and narratives from key
informants, to tackle this problem by capturing how vulnerability has changed within the
community. This offers crucial insights into their future livelihoods as well as a deeper
knowledge of how past livelihood activities in the study region have influenced vulnerability.
(Leach et al., 2010; Sallu et al., 2010).
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The usefulness in applying the indicator approach in this study is the fact that it is applicable
at any scale. Thus, this study uses a mixed-method approach that incorporates different aspects
at different stages, creating a vulnerability index to identify households and communities where
agricultural activities and livelihoods are must vulnerable to climate change and variability.
This will help inform where intervention should be focused on and as a result reduce
vulnerability of groups for whom vulnerability has been predicted to increase due to the

impacts of extreme climate events.

2.3 Smallholder farmers’ adaptation to climate change and variability

Agriculture adaptation to climate change is a multifaceted, multi-scale process that takes many
different forms (Bryant et al., 2000). There are four basic components that make up adaptation.
These includes the character of the stressor, the system's characteristics, including its
surroundings in terms of its culture, economy, politics, institutions, and biophysical; numerous
scales; and adaptive responses (Bryant et al., 2000). The first component that deals with the
characteristics of the stressor, refers to the stimulus (climate variability) to which actors
(farmers) or systems (agricultural production) respond. These include climate signals (climate
change and variability) as well as other drivers such as economic conditions, population growth
and government policies. Whether farmers alter their farming methods in response to long-
term climate change or short-term climate variability is a key subject raised in the research
(Smit et al., 1996; Bryant et al., 2007). There are claims that adjusting to short-term climate
change may make it easier to adjusts to long-term climate change (Burton, 1997). Researchers
disagree, arguing that some adaptations established in response to short-term climatic
unpredictability, which are classified as coping strategies, might not be appropriate for or might
leave farmers more sensitive to long-term climate change (Smithers and Smit, 1997; Zievogel
et al., 2008). They also argued that while such interventions may suit short-term objectives, it
may cost society in the long-term (Smithers and Smit, 1997). Thus, in addition to adapting to
the current changes in climate, it is necessary to foresee long-term changes and make the
necessary adaptations. Government involvement in this strategic adaptation is necessary to
encourage and direct changes in the agricultural system (Smithers and Smit, 1997). The
features of the agricultural system, such as its resiliency, sensitivity, vulnerability, capacity for
adaptability, and other factors determining how it responds to stressors, are referred to as
system characteristics (Smithers and Smit, 1997; Bryant et al., 2000). Socio-economic,

cultural, political, and institutional aspects are additional factors that may help or impede the
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adaptation process (Ogundeji, 2022). The third component refers to numerous scales from the
plot and farm level to the regional and international level. As a result, the scale of analysis
should be considered when evaluating the adaptive capability of a system and the relevant
adaptation responses (Vincent, 2007). The fourth component of the adaptation to climate
change framework, adaptation responses, has been the subject of numerous research that have
identified, categorised, and evaluated them (Smithers and Smit, 1997; Bryant et al., 2000;
Dolan et al., 2001; Smit and Skinner, 2002; Svendsen and Kunkel, 2009). Responses to climate
change can be either proactive or reactive (Smithers and Smit, 1997; Bryant et al., 2000). Other
characteristics of adaptive responses include their timing in relation to the stress brought on by
the climate, duration (short- or long-term), form or type (technological development,
government programmes and insurance, farm production practise, and farm financial
management), and effects or outcomes (enhanced stability or resilience) (Smithers and Smit,
1997; Smit and Skinner, 2002). The nature of the responses depends on the other components
of adaptation earlier discussed. These factors include the extent of exposure, the type of stress,
the characteristics of the system under stress, and the size and scope of the event (Smithers and
Smit, 1997). According to Burton (1997), a decision-maker's experience, time horizon, and risk
tolerance determine how well-prepared they are to adapt to climate change and variability. Risk
aversion with regard to climatic hazards has been well-documented; as a result of climate
change, it is reasonable to anticipate that adaptation will rise along with the likelihood and
frequency of catastrophic occurrences.

Numerous studies have examined the elements that influence farmers' decisions on farm-level
climate change adaptation (Hansen et al., 2004; Zievogel et al., 2005; Vogel and O’Brien,
2006). These researches examined farmers’ perceptions, how they use information, and other
factors that influence how they make decisions. According to the literature, short-term changes
in usual conditions may have less of an effect on farmers' views of climate change than long-
term patterns or occurrences (Smit et al., 1997; Thomas et al., 2007; Hassan and Nhemachena,
2008). Additionally, numerous studies emphasised the value of local knowledge when making
decisions on climate risk (Vogel and O’Brien, 2006; Thomas et al., 2007; Radeny et al., 2019).

Farming communities in SSA are accustomed to adapting to climate change (Deressa et al.,

2009; Antwi-Agwei et al., 2014; Boansi et al., 2017). In order to survive, communities have

frequently adjusted their agricultural practises and livelihood strategies to adapt to change.
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However, persistent climate change, variability, and its effects have given this problem a new
dimension (Eakin et al., 2014).

2.4 Definition and conceptualization of adaptation to climate change and variability

There are numerous definitions of adaptation in the context of climate change research. This
study however, adopts the definition of Smit et al. (2000) which defines adaptation as the
strategies used by stakeholders to lessen how negatively climate change and variability affect
their livelihoods. With the help of this conceptualization, it is now possible to better understand
how households and communities utilise their adaptive capacities and livelihood assets to
mitigate the negative effects of climate variability on food systems and livelihoods. This helps
in determining how various stakeholders may help these households and communities cope
with climate stresses. Research into adaptation strategies have become necessary as climate
change threatens food security through increased incidence of natural disasters such floods,
droughts, and changes in temperature and rainfall (Hassan and Nhemachena, 2008; Deressa et
al., 2009; Antwi-Agwei et al., 2014; Boansi et al., 2017). Adaptation in the context of climate
change is therefore viewed as a way to increase the resilience of households and communities

to climate change and variability (Smit and Wandel, 2006).

According to studies, farmers may employ a variety of adaptation strategies in response to
perceived climate change (Deressa et al., 2009; Boansi et al., 2017; Ojo and Baiyegunhi, 2020).
Agricultural adaptation to climate change may be in form of an autonomous or a planned
intervention (Gruneis et al., 2016; Mersha and van Laerhoven, 2018). Autonomous adaptation
refers to spontaneous, temporary and reactive actions taken by farmers in response to climate
variability. Therefore, resources that can be used to deal with sudden climatic changes must be
available and easily accessible for autonomous adaptation techniques to be successful (Dinar
et al., 2008; Mersha and van Laerhoven, 2018). On the other hand, deliberate policy choices
by the government or state institutions are necessary for planned adaptation, which aims to
change the agricultural system's capacity for adaptability or to support specific adaptations
(Gruneis et al., 2016). A shortcoming of the autonomous adaptation responses is that its
strategies are hardly included in planned or policy formulation and do not receive policy
support. In cases where they do, such information is dominated by many disconnected activities
and initiatives that mostly promote incremental change. In order to minimize the negative

effects of climatic variability on their livelihoods, this study examines the autonomous and
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planned adaptation techniques being used by farming households and communities in the study

area.

A household's asset base must be expanded in order to enhance its adaptation capability; this
comprises incorporating both tangible resources (such as natural and productive resources) and
the resources that enables them to do so (this includes social, financial and human assets)
(Bebbington, 1999). It has been observed that the more assets people possess the less
vulnerable they are; and the greater the erosion of these assets, the more susceptible they will
be (Moser, 1998). According to Bryant et al. (2000) human and social capital, as well as
people's assets within their community, the ecological resilience (or sensitivity) of the natural
capital, and the existence or nonexistence of rights, institutions, and laws, all influence adaptive
capability and the asset base for adaptation.

Numerous researchers have argued that the asset-based adaptation framework developed by
Moser and Satterthwaite (2008) offers an opportunity for policy developers to easily identify
relevant entry point for policy intervention necessary to enhance the adaptive capacity and
resilience of rural farmers. It proposed a necessary guide for including the rural poor when
dealing with adaptation to climate variability and change (Moser, 2011). The foundation of
the concept is the idea that individual households and communities are proactive, not reactive,
actors with resources that they may utilize to adapt to climate variability by continually
adjusting their asset portfolios against climate stresses like severe weather conditions (Moser
and Satterthwaite, 2008; Moser, 2011). These resources are known as asset portfolios, bundles
of assets, capital assets, endowments, and entitlements in the context of asset adaptation. It
consists of assets that are social, natural, financial, physical, and human.

Considering this, the goal of this study is to understand how the farming households in Bokkos
LGA use their asset portfolios to increase their ability to adapt to changing weather patterns
and increase their resilience to such effects in order to protect and maintain their livelihoods

2.5 The sustainable livelihood approach

The sustainable livelihood approach (SLA), which builds on the entitlement approach, was
initially created by the UK Department for International Development to evaluate poverty (Sen,
1981; DfID, 2000; Brooklesby and Fisher, 2003; Solesbury, 2003). Understanding peoples’
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access to resources, which often comprise natural, human, social, physical, and financial
capitals, is the foundation of this approach (Ellis, 2000) (Figure 2.1). As the foundation of
household livelihood strategies and the heart of the SLA, capital endowments also act as a
safety net for households to deal with risks and vulnerabilities (Ellis, 2000; Pandey et al., 2017;
Baffoe and Matsuda, 2018). Reid and Vogel (2006) used the SLA to pinpoint a variety of
stressors that either weaken South Africa's ability to adjust to environmental changes or make
it more susceptible to them. According to the livelihood approach, households that depend on
agriculture may be able to lessen their overall vulnerability to climate change and variability
by diversifying their techniques within their portfolios of livelihood activities or by specialising
to fill a particular market need (Ellis, 1998; Fraser et al., 2005).
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Figure 2.1: Sustainable Livelihood Framework (Source: DfID, 1999).

There are two major components of the SLA. These include livelihoods and sustainability
whose key characteristics are highlighted in Figure 2.1. The resources that people employ to
create their livelihood outcomes are known as livelihood assets. These include both material
and intangible resources, such as claims and access. According to Chambers and Conway
(1992), a person's livelihood strategy is the collection of activities they do to achieve their
livelihood goals. Livelihood outcomes are often the results of a combination of livelihood
activities such as increased income and food security (Chambers and Conway, 1992). In this
regard, the vulnerability context, which is the external environment in which people or

households reside, has a considerable impact on the outcomes of livelihood (DfID, 1999).
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According to Birkmann (2006), vulnerability assessment within the SLA considers the
pressures, trends, and seasonality that local communities or residents may be subjected to as
well as their ability to handle such stresses. In addition to short-term changes like conflicts,
disease, and natural catastrophes, vulnerability also encompasses long-term patterns like
migration, persistent seasonal fluctuations, and changes in the natural resources base (DfID,
2002). A household is considered vulnerable if it is unable to maintain its means of subsistence
in the face of environmental shocks, such as persistent changes in climate (Adger, 2006).
Particularly important in the SLA is the role played by institutions and organisations that
control how households and individuals access resources and assets to pursue their livelihood
goals in the setting of vulnerability (Figure 2.1). People's access to capital assets, livelihood
strategies, and outcomes are determined by the current policies as well as institutions (both
formal and informal (Yaro, 2004). The SLA also emphasises how different factors combine to
determine how well households or individuals are capable of enduring shocks and pressures
(Birkmann, 2007).

2.5.1 Livelihood capital asset and vulnerability to climate change and variability

People are more vulnerable to the effects of climate change when their livelihoods are insecure.
The SLA was created on the premise that rural communities have a variety of capabilities that
ought to be acknowledged (Chambers and Conway, 1991). Essentially, the SLA can be used to
investigate how communities or individuals combine various capital endowments, including
tangible assets (for example, material resources like land) and intangible assets (for example,
educational levels, claims, and access) that they have control over to achieve their livelihood
goals within the broader social, economic and political conditions (Chambers and Conway,
1991; Carney, 1998; Yaro, 2004). The SLA has been implemented by taking into account the
five livelihood capital assets which includes human, financial, physical, natural, and social, as
well as their connection to an overarching context for vulnerability, processes, institutions, and
policies, and livelihood outcomes (Scoones, 1998). Human capital assets refer to the number
and quality of labour. This is reflected in the size and makeup of the household, which is
determined by factors including the members' educational attainment, degree of training and
skill development, and overall health (Rakodi, 1999; Elasha et al., 2005). Natural asset flows,
stocks, and other environmental resources are categorised as natural capital assets (Scoones,
1998). Agro-ecological variables such as soil quality, land slope and topography, water,

pasture, and forest resources are also included (Elasha et al., 2005). These resources may
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potentially be enhanced or degraded by human activity. Land is a vital resource for many
livelihoods in most rural areas throughout much of SSA, and as such, it has a significant
influence on other capital assets (Reale and Handmer, 2011). According to Scoones (1998),
income, savings, credit, and other liquid deposits make up financial capital assets. Remittances
and easily disposed-of goods like cattle and poultry are also included (Hesselberg and Yaro,
2006; Elasha et al., 2005). According to Elasha et al. (2005), physical assets are non-land assets
such as infrastructure which includes markets, roads, electricity, and irrigation facilities. The
kind of housing, machinery, and equipment are also included in this category (Scoones, 1998).
Social capital assets include the different rights and claims resulting from membership of
recognised groups or associations (Elasha et al., 2005). It encompasses social connections,
trusting and reciprocal relationships, networks, and connectedness (Scoones, 1998). The type
of norms, standards, and reciprocity that influence social relations in a community are
highlighted by social capital. Such capital assets are used by farming communities to carry out
their livelihood activities, primarily agriculture (DfID, 1999). Membership in community-
based groups, professional unions, social or political networks, as well as relying on family and
friends for assistance during difficult times, are all examples of social capital (Scoones, 1998).

The SLA is used to investigate whether assets supporting a livelihood promote or prevent the
adoption of adaption measures. For instance, the natural capital of farmers, the stock of natural
resources, and the environmental services that are important for livelihoods all influence or
hinder farmers' ability to diversify their crops (land use diversification) (Scoones, 1998).
Consequently, farmers with large farm plots have more flexibility in diversifying their crops
(Smit and Pilifosova, 2003). Similarly, rich farmers with access to financial capital can invest
more proactively in new technologies, seeds, or agrochemicals that improve crop yield (Tucker
et al., 2010). Closely related to financial capital are physical capital assets (e.g. farm or
household goods) that can be transformed to generate income (Moser and Felton, 2007) to
invest in new agricultural technology (Knowler and Bradshaw, 2007). According to Narayan
and Pritchatt (2000), the size and strength of social networks, or social capital, can also increase
household income while lowering the cost of emigration for people with close relatives who
live abroad. Finally, household labour, skill, and knowledge stocks (i.e. human capital),
particularly educational attainment levels, might enhance participation in non-farm activities
(Bryne, 2014). According to numerous studies, various livelihood capitals influence how
people make decisions regarding agricultural productivity, adaptation, and livelihood strategies
(e.g. Wu et al., 2017; Kuang et al., 2020; Wang et al., 2021; He and Ahmed, 2022). Other
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research have stressed how the SLA offers useful insights into how people pursue various
livelihood activities using a variety of capital assets to attain their goals (Bauman and Sinha,
2001; Turner, 2017; Kuang et al., 2020).

There is still a lack of empirical studies examining what influences whether farmers actually
implement adaptive strategies (Smit and Pilifosova, 2003), despite a significant increase in
studies on household and community characteristics that are indicative of adaptive capacity
(Yohe and Tol, 2002; Brooks et al., 2005; Eakin and Lemos, 2014; Jamshidi et al., 2020; Datta
and Behera, 2022). These studies, in general, help us better understand how communities or
local people have reacted to previous environmental shocks by using the resources they can
command to survive climate shocks. Extending earlier studies on the diversification of sources
of income (Ellis, 1998; Barrett et al., 2001; Paavola, 2008) and livelihood assets (Moser, 1998;
Bebbington, 1999), this study uses the SLA because it provides the chance to highlight the
different adaptation strategies that may be available to ascertain how communities or
households can manage declining crop yields caused by climate variability (in the form of
fluctuations in temperature and rainfall), as well as how much declining yields can affect
livelihoods (Zievogel and Calder, 2003). This study uses the SLA to identify the vulnerability
of households and agricultural livelihoods through the identification of the various capital
assets, how assets at their disposal determine or influence the adoption of adaption strategies
and how diversification of livelihood into non-farm activities can enhance their resilience to

the impacts of climate change and variability.

One of the main issues with the SLA as an analytical tool is how difficult it is to address the
time dimension and power dynamics. It can only offer insight into the current situation on the
vulnerability of the household and may not accurately depict the temporal alterations brought
on by these shocks (Scoones, 2009; Toner, 2017). This means that in addition to understanding
what livelihoods are, we also need to understand how they have been created through various
short- and long-term processes, policies, and systems. This concern and curiosity in livelihood
creation gave rise to the interest in elucidating livelihood pathways (Vicol, 2018) (De Haan
and Zoomers, 2005). The asset portfolios, policies, and vulnerability settings are all dynamic
and are constantly changing. By excluding political capital, the strategy downplays the role
that politics and power play in determining how sensitive farming households are to climate
change (Baumann, 2000; Scoones, 2009; Toner, 2017). The SLA provide little information

about the power dynamics and structural factors that influence communities, which is
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knowledge that is necessary for interventions to be more successful (van Dijk, 2011; De Haan,
2012). Toner (2017) claimed that including political capital would significantly improve the
SLA's analytical value. Furthermore, the exclusion of political capital makes it challenging to
evaluate the potential effects of changing institutions and processes on rural livelihoods. This
study confronts this challenge with the inclusion of both temporal dimension and political
capital in the framework, by employing the participatory method to explore their influence

within the study communities.

2.6 Knowledge gaps

The vulnerability and adaptation to climate change in Nigeria have been the subject of several
studies (Ofeagbu et al., 2017; Fadairo et al., 2023), but there is a dearth of specific information
in these studies regarding the effects of the ongoing climate change on the livelihoods of those
who depend on agriculture, which continues to be a barrier to adaptation and effective policy
intervention. There are knowledge gaps on the actual causes of vulnerability, adaptive
capability levels, and access to livelihood capital assets and their impact in the adoption of
adaptation measures. These consist of information on asset-based adaptation, vulnerability
assessments, and gaps in climate data. This has necessitated a need for understanding location-
specific vulnerability to climate variability, how farmers take up autonomous adaptation
measures based on the capital assets available to them and how these local knowledge can be

incorporated for successful and sustainable adaptation in order to develop resilience.

2.7 Chapter summary

The review of previous literature highlighted the vulnerability of livelihoods to climate
variability and change globally, in SSA and Nigeria in particular, the adverse impacts climate
variability has had on peoples’ livelihoods, and their adaptive capacity to withstand these
impacts in order to sustain their livelihoods. Earlier studies have also revealed how smallholder
farmers employ assets they own to adapt to these constant changes in weather patterns that
affect their farming activities. It is therefore imperative for future studies to be conducted on
the actual impacts of climate variability on people that depend on rain-fed farming, their level
of vulnerability to climate variability, and how they utilize their household assets to implement
effective adaptation measures to enhance their resilience to future impacts. In light of these
past researches, this study seek to understand the causes of household vulnerability based on
the lack of capital assets and which assets enhances their adaptive capacity so that they can

maintain resilience to future climate changes. This study also provides insights into the
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challenges smallholder farmers face as they continue to explore ways to grow crops to maintain

their livelihoods.

Chapter Three: Study Area

3.1 Introduction

This chapter describes the various characteristics of the study area, which include its climate,
geology and soil, human and economic activities. The study area, Bokkos Local Government
Area is located in the southwestern part of Plateau State in north-central Nigeria (Figure 3.1).
Bokkos LGA is 77 km from Jos (the state capital). Bokkos falls within the central highlands of
Nigeria which includes the Jos and Mambilla plateaus. It has an estimated population of
235,200 (NPC, 2016) which is distributed over eight districts within the LGA. Three districts
were purposively selected for this research because they represent locations where the majority
of farming households engage in the cultivation of major crops such as Irish potato (Solanum
tuberosum), maize (Zea mays), tomato (Solanum lycopersicum), acha (fonio) and peppers.
Irish potato farming is the main agricultural activity in Bokkos and its production in the area
accounts for more than 45% of national yield (Plaisier et al., 2019). The majority of farming in

the area is small scale with land size per household averaging about 2 hectares.
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Figure 3.1. Map showing the study area (Bokkos LGA).

3.2 Climate

Bokkos LGA is located on the highlands of the Jos Plateau at a height of 1324 m asl. Based on
the Koppen-Geiger climate classification system, it has a tropical (Aw) wet and dry type
climate (Beck et al. 2018), but due to its high altitude it exhibits semi-temperate weather with
seasonal maximum temperatures of about 22°C and minimum of 18°C. The area receives a
seasonal annual average of about 1250 mm of rainfall peaking in July and August (Alexander
and Kidd, 2000; Pasquini, 2002). The rainfall season typically commences in late April and
ends in mid to late September, although recent variations have occurred with late onset starting
in mid-May and marked interruptions observed for up to seven days in some instances. The
rainfall is characterized by convectional and orographic precipitation with occasional
hailstorms and windstorms recently experienced in the area. Relative humidity is
approximately 44% during peak rainy season. The rainy season commences in April when the
movement of the intertropical convergence zone (ITCZ) moves northwards bringing with it the

wet southwest trade winds or tropical maritime winds (Alexander and Kidd, 2000). By
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November the southwest trade winds recedes southwards and the dry northeast trade
(harmattan) winds or tropical continental winds, dominate the area and it is characterized by
dryness and dust (Alexander and Kidd, 2000).

3.3 Geology and soil

The study area comprises Precambrian basement complex rocks (migmatites, gneiss and older
granites), the Jurassic younger granites (mostly biotite and granites) and the Tertiary as well as
Quaternary volcanic rocks (mainly basalts, pumice, lava flows and ash deposits) (Horvath et
al., 2000). The soils in Bokkos are the ferruginous tropical soils formed on crystalline acid
rocks. They are characterized by textural clay sub-surface horizons and are intensely leached,
have low to medium organic matter content, moderate to good water holding capacity and
friable resistance (Olowolafe, 2002). Even though they tend to have low fertility, they have
weatherable reserves of minerals and support the bulk of agricultural production in the area.
The soil moisture regime tends to be ustic while soil temperature regime is isohyperthermic
(Eswaran et al., 1997). Hydromorphic and alluvial soils are found in relatively small areas
along flood plains of streams and rivers (Alexander and Kidd, 2000), where they are mostly
used for fadama (dry season farming). The river water is used by farmers to irrigate garden

crops like potatoes, tomato, pepper, cabbage, peas, green beans and carrots.

3.4 Agricultural and economic activities

The study area is agrarian in nature and most economic activities are hinged on the cultivation
and marketing of crops. Cultivation takes place in the dry and rainy seasons and the range of
crops grown are acha (fonio), maize, millet, cocoyam and sweet potato. The main cash crop is
Irish potato which is cultivated and sold on specific market days in the area. Most farming
households (90%) are engaged in Irish potato cultivation which is carried out on private or
rented plots of land ranging from less than a hectare to two ha of land, with yields of about two
tons per year. There are two Irish potato growing seasons occurring between March and June
(mostly rainfed) and between September to December (mostly irrigated). The crop takes
between 90 to 120 days to mature. It is pertinent to note that majority of the farming activities
are carried out with traditional farm tools like hoes and machetes. This is mainly because of
the high cost of hiring tractors coupled with the fact that these machines are not readily
available to farmers (Ayuba and Kitsche, 2014). Wholesale markets of Irish potato are found

near the main harvesting areas. The markets in Bokkos and Maikatako are considered the
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largest markets estimated to handle over 50% of potato traded on wholesale level in Nigeria
(Ayuba and Kitsche, 2014). Potato wholesalers are mostly merchants who come from major
cities in Nigeria or use their agents to organize bulk procurements from farmers who bring their
produce to the markets. Irish potato is transported from Bokkos and distributed to retailers in
other parts of the country like Abuja, Maiduguri, Kano, Port Harcourt and Lagos; and also

across the border to Niger and Chad republics.
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Chapter Four: Research Methods

4.1 Introduction

This section provides an insight into the methods used for data collection and analysis in this
study. It involves sections on the research design, sampling methodologies, data collection and
analysis techniques and ethical considerations the researcher employed in gathering
information in order to address the aim of the research and hence accomplish the stated

objectives. It also outlines the limitations encountered in carrying out the study.

4.2 Research design

Both quantitative and qualitative methods of data gathering were used in the research design
created to address the thesis aims and objectives. The research design developed to address the
objectives of the thesis used both quantitative and qualitative methods of data collection.
Qualitative methods involved participatory method in form of farmer group discussions was
employed to assess farmers’ perception of changes in climate and assess indicators of
household adaptive capacity and livelihood capital assets, and stakeholders interviews (staff of
agricultural departments, farmer group heads and traditional community leaders) to assess
institutional capabilities, benefits of social networks, community norms and culture, and
ecological surveys in form of field observations to assess adaptation intervention employed by
farmers to improve resilience in the study communities. The Sustainable Livelihood Approach
(SLA, see Section 2.4.1) (Scoones, 1998) was used to identify indices that influence livelihood
vulnerability. Research participants were asked during the household questionnaires and focus
group discussions to identify the variety of assets that are available to them. These were then
connected to the various forms of capital assets (i.e. human, financial, natural, physical, and
social capitals) (see Table 5.37). As an analytical framework, the SLA provides an opportunity
to highlight the numerous adaptation strategies that may be available to determine how farming
households can manage decreasing crop yields as a result of climate variability (persisting
changes in rainfall and temperature patterns) and how poor crop harvests can adversely affect
rural farming livelihoods. The SLA was used to identify the vulnerability of farming
households through the identification of the various capital assets, how these assets influence
the adoption of adaptation techniques and how diversification of livelihoods into non-farm
activities are able to improve their resilience to the impacts of climate variability. Quantitative
method included the analysis of climate data to assess farmers’ views on climate variability,

and household surveys to determine household size, estimate farm size and crop yield. The
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study also employed the use of the Livelihood Vulnerability Index to calculate the overall
vulnerability of farming households and communities based on the capital assets at their
disposal. The research design creates and uses a multi-scale integrated technique of analysis
approaches for evaluating institutional efforts, adaptation strategies, and vulnerability to
climate change. The integration of qualitative stakeholder engagements with quantitative
results to inform action, intervention, planning, implementation, evaluation, and monitoring
can produce results that are more scientifically sound, understandable, transferable, and
validated, despite the fact that their backgrounds in epistemology and ontology are different
(Guetterman et al., 2015; Ivankova and Wingo, 2018; Bell et al., 2022). Although qualitative
research methods are adaptable and enable a deeper and better knowledge of the extent of
agricultural households' vulnerability to climatic variability, it may be challenging to generalise
from the results of such research (Gallaher and WinklerPrins, 2015). Quantitative methods
typically allow for the generalisation of results and predictions, although not being quite as
flexible as qualitative ones (Gallaher and WinklerPrins, 2015; Bell et al., 2022). However,
mixed method research, according to Bell et al. (2022), is equivalent to merging two distinct
and unique paradigms of research methodologies. They maintained that quantitative and
qualitative methods should not be viewed as complementary because they each have different

epistemic implications.

4.3 Selection of study sites and sampling procedure

The study area (Bokkos LGA) is divided into eight districts for political and administrative
convenience. These districts are Bokkos, Mushere, Daffo, Sha, Manguna, Richa, Toff and
Kamwai. Multistage sampling was used to purposively select communities based on sizeable
number of farming households and the intensity of production of farm produce, particularly
Irish potato, maize and beans by smallholder farmers. Four communities of Bokkos, Mbar,
Daffo and Mushere within three districts were identified as areas with high number of small-
scale farmers engaged in intensive crop production and supply of farm produce to markets.
They are also communities that were adversely affected by the 2014 outbreak of potato late
blight disease as well as other adverse impacts which affected crops such as maize and beans
occasioned by climate fluctuations (rainfall and temperature) (Ayuba and Kitsche, 2014;
Chuwang, 2014). These largely demonstrated how vulnerable farmers were to climate change
in these regions, highlighting the need for assessments of climate vulnerability at the household
level (Kelly and Adger, 2000; Deressa and Hassan, 2009). A list of farming household heads

30



in all the communities selected was obtained from the leaders of the local farmers’ association.
This was initially considered as a viable way of assisting the researcher in identifying and
selecting farmers for the survey, but after scrutinizing the list and engaging with traditional
community leaders during reconnaissance survey, it was discovered that a large number of
farmers whose name were on the list were no longer members of the farmers’ group or were
even farmers in that community. As a result, the traditional community leaders offered their
help by compiling a list of farmers who satisfied the study's eligibility requirements of being
at least 18 years old, head of households and having more than 10 years of farming experience
in the community (stratified sampling). List for each of the four selected study communities
had more than 300 farmers which were then designated as households to be selected for the
study. It was imperative to conduct a household survey because it provided an opportunity to
understand each households’ adaptive capacity and resource endowment. The method of
proportional allocation was adopted in household survey because all farmers are considered as
smallholders (Kothari, 2004). Thirty (30) farming households each were systematically
selected for the survey with each third household picked from the list for the household survey,
giving a total of 120 farming households. Purposive sampling was used to identify and select
key informants (Painkas et al., 2015; Bell et al., 2022), while purposive and snowball sampling

was employed to identify and choose experts and stakeholders.

4.4 Data collection

This section describes how the various data for this study were collected within two periods in
2021. The first set of data was collected during the rain-fed farming season between June and
July 2021 while the second data collection was done in the dry season (irrigation) farming

season in November and December 2021.

4.4.1 Key informant interviews

Key informant interviews were conducted with traditional community leaders, heads of
community farmers’ associations, women groups, Plateau Agricultural Development
Programme officers (PADP) in charge of Agricultural Extension services in the State and LGA,
and the Field Operations Officer of the Agricultural Services Training Centre (ASTC). These
interviews offered an opportunity for thorough discussions and verifying the key issues that

came up during the household questionnaire survey and focus group discussions. The
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interviews were conducted on a one-on-one basis to ensure confidentiality of responses and

lasted for an average of 45 minutes.

4.4.1.1 Interview with head of extension services of the PADP

Interview with the Head of Agricultural Extension Services of the Plateau Agricultural
Department Programme (PADP) was conducted at the Local Government area offices in
Bokkos. Before the interview commenced, the officer was handed the participant information
sheet (Appendix 12), which he read and understood the aim of the research, and the conditions
attached with agreeing to participate. He then signed the consent form after agreeing to be a
participant in the research. The interview focussed on key issues such as the role of the agency
in providing extension services to farmers, which includes how information on improved
methods of farming are disseminated to farmers, training on adoption of new agricultural
innovations, measures in place to monitor and evaluate how interventions are being
implemented by farmers, and how synergies are formed with farmers to include their ideas in
policy-making (Appendix 8). The interview lasted for about 35 minutes with the session audio
recorded and notes taken as well. The interview was conducted in English because the officer
could read and understand the language. Access to extension services have been positively
correlated to adaptation of new technologies because farmers are exposed to current
information and technical skills (Adesina and Forson, 1995; Hassan and Nhemachena, 2008;
Aker, 2011). The interview was recorded using an audio recorder for proper documentation

and for later transcription.

4.4.1.2 Interview with field operations officer of the ASTC

An interview was conducted with the Field Operations Officer of the Agricultural Services
Training Centre (ASTC) at their establishment in Bokkos LGA. Although it was difficult to
get a written permission to conduct this interview due to some administrative problems, a
verbal approval was given by the Director of the agency. The officer was given the participant
information sheet (Appendix 12) which he read and understood. He then signed the consent
form (Appendix 15) after indicating his preparedness to participate in the research. The
interview was aimed at understanding what programmes the ASTC has in place to assist
farmers deal with the impacts of climate change and variability, what measures are in place to
foster cooperation with farmers in providing training and equipment support and challenges

the establishment is faced with in carrying out its objectives (Appendix 7). Notes were taken
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and the session was recorded using a digital audio recorder after the officer gave his consent.

Photographs of mechanized farm equipment at the centre were also taken.

4.4.1.3 Interviews with traditional community leaders

Interviews were conducted with traditional community leaders in the three selected districts
(n=3), formed part of data collection that involves engaging stakeholders in the study
communities. Traditional leaders were given the participant information sheet (Appendix 12)
to read and be abreast with the aim of the study. No difficulties were encountered in explaining
the content of the document because all the traditional leaders could read and understand
English. They were later given the consent forms (Appendix 15) to sign before the interviews
commenced. The purpose of the interviews was to learn about the role of the traditional
leadership in helping farmers cope with the numerous problems they encounter in their farming
activities. Questions pertaining to local land tenure structure and how farmers can acquire land
for agricultural purposes were asked. Other questions include the role of the traditional leaders
in ensuring that soil and water management practices are carried out, their role in conflict
resolution, how they mobilize farmers to benefit from government and NGO training and
interventions, their views on the changes in climate and how farmers in their communities are
responding, and the needs of communities to help cope with climate change (Appendix 5).
Given that landowners are more likely than tenants to accept new technology, studies have
shown the significance of land tenure for adaptation (Lutz et al., 1994; Antwi-Agyei et al.,
2015). As custodians of the customs and norms of the communities, traditional community
leaders were also asked to provide information on how women can acquire land under the land
tenure system. This information helped in understanding how ownership of land affects
decision-making and control over land that women use for cultivation in the study area.
Information about their role as representatives of the people in making known their problems
to higher authorities was also obtained. The Chief gave his consent before the interview was

recorded with an audio recorder.

4.4.1.4 Interviews with heads of farmer groups

An interview was conducted with the heads of farmer groups in the four communities (n=4).
These participants were identified during reconnaissance visit to the various communities when
the researcher was introduced to some stakeholders, including the leaders of farmer groups.
The interview for two of the leaders in Daffo and Bokkos took place on the market days for

their communities because it was the convenient period to meet them as well as days they do
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not go to the farm. The other two leaders in Mushere and Mbar were interviewed at their homes.
The participant information sheet (Appendix 12) was read and explained to all heads of farmer
groups, after which they signed consent forms (Appendix 15) after accepting to participate in
the study. They were questioned about how they help their members obtain farming inputs,
access credit and loans, obtain and share weather forecast information, help with marketing
farm products, their perception of current and historical climate variability, and the adaptation
strategies they use to lessen the effects of climate change (Appendix 6). The interview was
recorded after the officer gave his consent.

4.4.2 Household survey

A household survey was carried out using questionnaires which were administered at selected
households by the researcher and assisted by field assistants. Questionnaires were administered
to 120 household heads due to their influence in taking decisions with regards to farming
activities. The respondents were selected from four communities in the study area which are
Bokkos, Mbar, Daffo and Mushere. In most households visited, the participant information
sheet (Appendix 10) was read to respondents so that they understand the aim of the study. The
researcher had to emphasise to must respondent that there were no incentives or financial
benefits for taking part in the research, because most of them were inviting relatives to come
and participate or in some instances suggesting other households for the interview to be
conducted. After agreeing to participate, respondents then signed the consent forms (Appendix
13). Most respondents were assisted to complete the questionnaires because they were either
unwilling to engage in the task, illiterate or simply chose to be interviewed. The structured
questionnaire was pilot-tested before the commencement of the field exercise to ascertain grey
areas and amendments were made for clarity and better understanding. The field work was
conducted with the aid of four trained field assistants that are indigenes and individuals familiar
with the terrain of the locality and can speak the local dialect. They were trained by the
researcher for two days, and took part in the pilot survey that was conducted. Additionally,
they were required to sign a confidentiality agreement (Appendix 16) promising not to share
any details about the respondents or any other aspects of the study without the consent of the
researcher and participants. These individuals are people the researcher personally knows;
three of them are Geography graduate students from the nearby Plateau State University
situated in the locality, while one is a colleague of the researcher. Their involvement in the

exercise helped in explaining and interpreting questions to farmers who do not understand
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English or the generally spoken hausa language, although such difficulties were not
encountered because most farmers understood and communicated in English and hausa. It was
difficult to meet household heads in communities like Mushere where farming for the season
had just commenced due to the late start of the rains, because visits to farming households for
the interview were conducted between the months of June and July when farming activities are
at their peak. The interview schedule was divided into five sections, with a total of 54 questions
(Appendix 2) which took an average of 40 minutes to complete. The first section (A) had
questions on sociodemographic information of farmers such as age, gender, level of education,
household size, major source of income, average yearly income from farming, and list of other
sources of income. Section B had questions on how farmers perceive the change in climate,
perceived vulnerability to climate variability and training on how to deal with the frequent
changes. Section C had questions on size of farms, crops grown, crop vulnerability to impacts
of climate variability, ownership of livestock, access or ownership of irrigation equipment,
crops grown on irrigated farms, and access to markets. Section D included questions on farmers
access to livelihood capital assets such as land tenure systems, access to credits and loans,
access to agricultural inputs from government agencies and NGOs, access to mechanized
agricultural equipment, storage facilities, membership of a cooperative group, farm labour
types, access to weather forecast information, and sources of information on new farming
techniques. The last section (E) had questions on adaptation techniques being used by farmers
to tackle the effects of seasonal variations in climate.

4.4.3 Farmers group discussions

The farmers focus group discussions (FGD) was undertaken with eight participants from each
of the four the sampled communities (n=4) using prepared checklist (Krueger and Casey,
2014). It represented part of the participatory methods employed in data collection which
allowed for in-depth interactive discussions on perceptions about evidences of climate
variability, vulnerabilities and adaptation measures in the study area by a collection of
participants and the researcher who served as the moderator and facilitator (Saunders et al.,
2009) and when more clarification was required, the researcher probed the participants with
pointed questions while he mediated the discussions. The FGD is unlike the one-on-one
interviews where the researcher adopts the role of an investigator (Smithson, 2000). There were
four FGDs in total (one from each selected community) and the selection of some farmers was
assisted by the heads of community farmers’ association while others were identified during

the household questionnaire survey and were chosen based on their significant farming
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experience and knowledge of environmental changes in the communities. These participants
cut across gender, age group and social status (Thomas et al., 1995). For instance, there were
at least two women in each of the FGDs conducted. These enabled participants give honest and
unhindered views on the aspects being discussed and helped the researcher validate responses
from the key informant interviews and the household questionnaire survey. The researcher read
and explained the information on participant information sheet (Appendix 11) to participants
to get them acquainted with the aim of the research. This was followed with signing of the
consent forms (Appendix 14) after participants have given their consent. In order to collect
adequate data, the FGDs had an open-ended section where participants’ views were
appropriately captured. This is aimed at verifying information gathered from key informant
interviews as well as those from household survey. The FGDs also helped support information
given on main climatic changes farmers have observed over a 10 year period, adaptation
strategies and changes in climate patterns that may have contributed to choosing these
measures, barriers to implementing adaptation measures, assistance farmers receive from
government institutions and NGOs, benefits of being members of cooperatives, livelihood
strategies being engaged in as a result of climate change impacts on their activities in order to
enhance resilience (Appendix 3). The entire session of discussions was audio recorded and

some photographs of participants were taken with their consent (see Appendix 17) .

4.4.4 Interviews with women groups

Another interview was with women groups. Although it was not easy to conduct the group
discussions because of the engagement of some women, either with farm work or with some
petty trading they were engaged in, the session had to be rearranged to other days so that
selected participants can be present. Due to societal or cultural constraints, it was observed that
women who took part in the FGDs found it difficult to fully express themselves in front of male
farmers. This was evident when there was a conflict in answers that was provided by a female
participant earlier in the discussion. This made it more imperative to conduct a separate
discussion where female farmers and women groups can freely express their views. Three
members of the women groups in the four communities (n=4) were selected for the discussions
which took place in a suitable location (Daffo — courtyard of the traditional leader; Mbar —
quiet space at the market; Bokkos — under the shade of a tree close to a participants’ residence;
Mushere — mini community hall). The participant information sheet (Appendix 11) was read
and explained to all the women because they suggested that the researcher should do that. After

agreeing to participate in the discussion, they all signed the consent forms (Appendix 14).
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Interviewing the women groups was important because they expressed their views more than
when in a group with men. This helped in getting the most representative as possible of the
population. Women in the study area are typically tasked with caring for the children, tilling
and weeding of farms, and cultivation of staple food crops like maize, beans, millet, sorghum,
sweet potato etc. They also engage in selling the major cash crop (potato) to the markets
especially when they cultivate them themselves or acquired as payment for farm labour during
harvests. Women groups assisted in providing information on their access to land based on the
land tenure system in the community. Studies have shown that if women can acquire or have
unhindered access to land, then the more likely they are to adapt to climate change (Bryan et
al., 2009; Murken and Gornott, 2022). This is because women are most marginalized when it
comes to land holding in Nigeria. Some questions they were asked includes, whether they have
equal access to land for agriculture, the crops they grow, how they diversify their income
activities in order to reduce losses in periods of climate shocks (Appendix 4), and whether they
provide financial assistance to their members in form of credits and loans to assist in the
purchase of improved variety of seeds and fertilizers (Deressa et al., 2009). The discussion was
audio recorded with consent which was later downloaded, labelled (titled and dated) and saved

into a laptop for safe keeping and easy identification.

4.4.5 Farm observations

Farm observation was carried out by visiting five randomly selected farms each in the four
sampled communities (n=20). Farms selected for visited were identified during household
survey when farmers gave their consent for their farms to be visited at a later date. Data on
estimated land size, tenure practices, crops grown, and engagement in irrigation farming were
considered. Three farm sites were visited during the rainy season and two in the dry season
between November and January (to observe processes in irrigation farming). This was done to
ascertain the various activities of smallholder farmers in the communities including farm size
to determine the scale of farming, variety of crops being grown to ascertain how much land is
used for staple crops like beans, millet, sorghum, cocoyam, sweet potato, acha and many more,
and how much is used for cash crops like Irish potato, maize, sugarcane, peppers, green beans,
green peppers, tomatoes and other vegetables. The type of agricultural implements used
(mostly handheld traditional tools such as hoes and machetes) and the type of labour used on
the farms (household or hired) were observed (Appendix 9). Observation of on-farm adaptation
measures like soil conservation, application of organic or inorganic fertilizers and seeds or

seedling preparation processes was also carried out. Since farming is done both during the wet
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and dry seasons, it was crucial to observe how the land is prepared, the kinds of crops that are
cultivated during the dry season, and the availability of water resources. Observation also
enabled the researcher take photographs of these activities and note down information that were
missed or overlooked during the interview process. Photographs of these various activities were

captured with a digital camera after the farmers gave their consent.

4.4.6 Secondary data analysis

Vital documents that enhanced the study was sourced from a number of establishments and
agencies. Climatic data of the study area for the past 30 years (1990-2020) was requested from
the Nigerian Meteorological Agency (NIMET) at the Yakubu Gowon Airport. Using Excel (v
2020), a time series analysis was carried out and presented in tables and graphs (Chapter Five),
for rainfall and temperature data to establish the pattern of climate variability and compare with
the views of respondents on perceived changes in climatic elements observed in the study area
within a ten-year period. The Work Plan from the Plateau Agricultural Development
Programme (PADP) for the year 2020 was obtained. This was in place of a comprehensive
agricultural policy document which the agency claimed was not available at the time of request.

4.4.7 Instruments used in data capture and analysis

Data was captured with the aid of appropriate tools, including field note books, a digital
recorder and a camera. In some of the sections of the household survey questionnaire,
respondents were required to write in their answers, while in others, they were only required to
tick the appropriate responses that may apply to them. Key informant interviews, FGDs, and
farm observations were recorded with a digital voice recorder and camera in addition to taking

notes.

4.4.7.1 Qualitative data analysis

A combination of key informant interviews, expert interviews, household questionnaire
surveys, and focus group discussions (FGDs) were used to gather qualitative data. Key
informant interviews and FGDs were audio recorded in English and hausa languages. Those
recorded in hausa were translated to English, while those recorded in English were afterwards
transcribed from audio to text by the researcher. To ensure accuracy, digital recordings of key
informant interviews and FGDs from each community were repeatedly listened to. The key
themes that emerged from the qualitative data were then analysed using content analysis which

were then coded and indexed (Saunders et al., 2009; Mayring, 2015). These were then
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presented and related with established theories, concepts and frameworks, such as the concept
of vulnerability to climate variability, asset-based adaptation to climate change and sustainable

livelihood framework, to provide better understanding.

4.4.7.2 Quantitative data analysis
In order to do the necessary statistical analysis, quantitative data were coded using the statistical
package for social sciences (SPSS) (v 27) and Microsoft Excel (v 2020). This enabled the

identification of patterns and drawing inferences from the dataset.

The level of vulnerability of farming households to climate variability was assessed by
adopting the Livelihood Vulnerability Index (LVI) formulated by Hahn et al. (2009) and its
modification by Houng et al. (2019). This approach draws from the Sustainable Livelihood
Approach (SLA) and identifies five type of household assets which include natural, social,
financial, physical and human capitals (Scoones, 1998). The method involves evaluating
farmers' exposure to natural disasters and climate variability using a variety of indicators, as
well as their current farming practises, including planting new crops varieties and diversifying
their crops in dealing with the effects of climate variability, and characteristics that determine
their sensitivity to the effects of climate change (Chambers and Conway, 1992; Baca et al.,
2014). The LVI uses a balanced weighted average method even though each main component
has a unique number of sub-components (Sullivan et al., 2002) in which each sub-component
contributes equally to the total index. Accordingly, each significant factor is viewed as
contributing equally, with a balanced weight, to the vulnerability of a household or community
(Sullivan et al., 2002). It was required to standardise each of the chosen sub-components as an
index because they were each measured using various scales or units (percentage, ratio,
indices). The weighted averages of all the significant components were then added to produce
the LVI score. The number of indicators that make up each main component affects how
heavily it is weighted. By doing this, it was made sure that each major element have an equal
contribution to the LVI as a whole (Sullivan et al., 2002). The overall LVI was determined
from scale O (least vulnerable) to 1 (most vulnerable). Modifications were made to adapt the
methodology to this study since the study area is predominantly agriculturally-based. Seven
major components were adopted from the ones contained in the LVI developed by Hanh et al.
(2009) and modified by Shah et al. (2013) and Houng et al. (2019). Two new major

components were included in the LVI to enable proper assessment of the vulnerability of
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farming households in the study area. Training on how to cope with climate variability and
change was included in the LVI under human capital, while ownership of livestock was added
under the financial capital because it was an indicator of farmers’ disposable assets which they
can use to recover from climate shocks. Land size was included under the land sub-component
for natural capital because of the importance of land tenure systems to access to land in the
study area. The inclusion of farmers’ membership of farmer or cooperative groups was
imperative because of the impact social networks have in assisting farmers recover from
negative impacts of climate change and also enhance their adaptive capacities. Irrigation
farming is a viable adaptation strategy in the study area hence its inclusion under physical
capital which provided a means of measuring the vulnerability of farming households
especially in periods of poor yields from rain-fed farming. The inclusion of access to
mechanized agricultural equipment in the LVI was imperative under the infrastructure major

component of physical capital.

A composite index of adaptation was developed to evaluate the farming households’ adaption
strategies. Multivariate linear regression analysis was used to achieve this. It is assumed that
farmers apply adaptation strategies selectively, according to need and capability (assets); thus,
the strategies adopted may vary from household to household. In determining the overall
climate change adaptation strategies adopted by famers in the study area, a number of common
strategies adopted by more than 10% of farming households surveyed, including on-farm
strategies like growing improved varieties of crops, crop diversification/substitution, changing
cropping patterns and planting practices, soil conservation practices; and off-farm strategies
like diversification of livelihoods strategies to improve household income sources, etc were
selected and a dummy score of 1 assigned to strategies adopted by farmers, and 0 to those not
adopted. The overall score was then aggregated and divided by the number of strategies to
obtain a composite index of adaptation. This was considered as the dependent variable in the
analysis. Then, using simple regression analysis, which is useful for building an adaptive and
predictive model when both independent and dependent variables are numerical, factors
influencing farmers' coping mechanisms for climate variability and change were examined
(Paudel and Thapa, 2004; Hair et al., 2009; Yila and Resurreccion, 2013). In applying the
regression analysis, the dependent variable (climate change adaptation strategies adopted by
farmers in the study area) is hypothesized to be influenced by a set of independent or
explanatory variables which were identified based on theoretical behavioural hypotheses,

empirical literature of similar regions and data availability. This enhanced better understanding
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of the various adaptation strategies being used in the study area as well as the influence of

livelihood assets on farmers’ choice of adaptation strategies.

Content analysis of key policy documents, particularly from the Plateau State Agricultural
Development Programme (PADP) which is an agency under the Plateau State Ministry of
Agriculture, that relate to climate change adaptation in Plateau State was evaluated and
analysed. Documents obtained from NGOs, such as the GIZ, were however outdated and
provided little usable information.

4.5 Ethical considerations

Ethical principles were applied by the researcher in the conduct of the study. Ethical
considerations are crucial for research that involves human participants because of the need to
protect the privacy and confidentiality of personal information, the research process and the
credibility of the results (Yip et al., 2016). On the issue of confidentiality, electronic data such
as audio recordings of interviews were stored in a password-protected computer and hard drive.
Participants were assured that any direct quotes that are used would be confidentially and
anonymously used. A participant consent form was given to each person who took part in the
household survey, key informant interviews, and farmers group discussions. This was after
participants have read or received participant information sheets that sufficiently described the
goal and scope of the study. Participants who were unable to read the information sheets or
sign their names (in which case the sheets were read to them) provided verbal agreement.
Participants were informed that participation in the study was entirely voluntary and that no
one would be coerced or put under any duress to take part. Additionally, it was made clear that
they would not receive any type of compensation and that their identities would not be revealed.
Before signing the consent form, participants had the chance to voice any concerns they had.
They were also assured that they may withdraw from participating in the study whenever they
wanted. Ethical clearance was obtained from the University of the Witwatersrand, Research
Ethics Committee (Non-Medical) (Appendix 1) after thoroughly scrutinizing the research
instruments to make sure they conform to ethical guidelines. The University Ethics Committee
assisted the researcher to plan the appropriate method of conducting the research by assessing
the risks and thoroughly scrutinizing consent forms, information sheets, research proposal and

research instruments that were submitted.
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4.6 Limitations of the study

One of the requirements for obtaining information from government institutions and agencies
was to secure permission letters from the agencies involved. This was made more challenging
when attempts to obtain approval from the ASTC were hampered for weeks by administrative
issues. But rather than obtaining a written authorization from the ASTC, permission was given
verbally to conduct an interview with one of its officials. The PADP, however, gave its
approval without any problems, but meeting and interviewing the agricultural extension official
at the local office in Bokkos proved challenging. A date was scheduled for the interview with

the extension officer following a number of visits and communication with several people.

Prior to the start of fieldwork, each study community was visited, and the researcher was
introduced to the traditional community head. This encounter was essential since it gave the
researcher the chance to describe the aim of the study and individuals that would be
participating. However, due to their commitments, it was challenging to arrange a meeting with
some of the leaders, particularly in Bokkos and Mushere communities. Before a meeting could

be convened, such communities required two visits.

Because of interruptions from participants attending to other matters during interviews or
circumstances where participants engaged in discussion of issues unrelated to the topic, some
interviews and FGDs took longer than anticipated. When such an instance occurred, the
researcher handled it by directing the participants' attention back to the topic. There were
situations where some participants decided not to participate after they were asked to sign the
consent form. They expressed their scepticism about their identities being kept anonymous
despite assurances from the researcher. They feared that their statements would be used against
them at some point in the future and opted not to participate in the research. Other participants
were then selected in their place for the research. Despite introducing the researcher and
explaining the researcher’s position and aim of undertaking the research, some participants
were still not convinced there was no benefits for participating in the study. As a result, they
invited their neighbours and family members to participate, assuring them that the rewards will
follow. The researcher then reaffirmed his status as an academic researcher and that the study
was conducted purely for academic purposes. During the household survey, there were times
when the researcher had to reschedule visits because the head of household was not available.
Because the fieldwork took place in June and July, when the farming season had barely started,

farmers were typically found on their farms. Some participants’' farms were not far from the
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households, thus the researcher had to visit them for the interview sessions; for those whose

farms were far away, the interviews had to be rescheduled for a different day.

4.7 Chapter summary

This chapter has discussed the selection criteria used for the study communities and
participants. Both the qualitative and quantitative methodologies used in the research design
have been supported. The use of these methods in assessing vulnerability of farming
households has contributed to how mixed methods can be integrated. As a result, the
fundamental problems associated with the vulnerability of farming systems and livelihoods to
climatic variability were thus validated and further understood. The development of themes
from content analysis offered an opportunity to obtain insightful information that improved
learning for the researcher and helped to address the goals of the study. The results of the study
are presented in the following chapter (Chapter Five), which follows this description of how

the various data were gathered and processed.
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Chapter Five: Data and Presentation of Results

5.1 Introduction

This chapter presents the various data that were collected to address the objectives of this
research. Presentation tools including graphs, pie-charts, tables, photographs and quotes from
anonymous participants were used to analyze and categorise data (through thematic analysis)
that are important to the research. Data captured through the various instruments were collated
to understand farming households’ responses to climate variability and change that affect their

livelihoods in selected communities in Bokkos LGA, north-central Nigeria.

Data on the socio-demographic characteristics of heads of farming households are presented
first. These include the age, gender, educational level, household size, employment status,
source of household income and number of years respondents have been engaged in farming.
The next section presents data assessing household livelihood vulnerability to climate
variability and change. These data include subsections on farmers’ perceptions of climate
change, exposure and sensitivity to climate variability particularly persistent changes in rainfall
and temperature. This is then followed by a section presenting data on the factors that facilitate
household vulnerability to climate change and variability including a sub-section on training
on how farmers deal with these constant changes. The following section after this presents data
on the assessment of farmers’ household assets which comprises subsections on farmers’
access to land, the crops they grow, access to storage facilities, access to markets, how they
sell their farm produce, types of livestock they keep, how they access credits and loans,
agricultural inputs, mechanized agricultural equipment, farm labour, irrigation facilities, and
whether they are members of associations or cooperative groups. Data on climate change
adaptation strategies that farmers adopt are presented next. This includes subsections on
farmers’ source of information on weather and climate, climate change adaptation strategies
they adopt such as changing patterns cropping and time of planting, planting disease and
drought resistant crop varieties, increasing the use of fertilizer, manure and chemicals,
practicing crop substitution, irrigation farming and diversification of source of household
income. The last section presents data on the factors influencing farmers’ selection of
adaptation strategies such as farmers being members of a cooperative group or association,
being trained or received information on the impacts of climate variation and change, farming

experience, educational level of household heads and household income.
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5.2 Farmers’ socio-demographic characteristics

5.2.1 Age and gender of respondents

Results show that after the household survey conducted with heads of households the highest
number of sampled respondents, 41 (34.2%) range between 41-50 years (Table 5.1). This
followed by 35 respondents aged between 31-40 years constituting 29.2%, then 20 (16.7%)
aged 61 and above. In total, 14 respondents (11.7%) were between 51-60 years of age, while
the lowest, 10 (8.3%) between 21-30 years. Out of the 120 heads of farming households
interviewed 111 (92.5%) are males while 9 (7.5%) are females. This indicates that middle age

and older farmers are still the dominant group engaged in farming in these communities.

Table 5.1: Age of respondents

Age group Frequency Percentage
21-30 years 10 8.3
31-40 years 35 29.2
41-50 years 41 34.2
51-60 years 14 11.7
61 and above 20 16.7
Total 120 100.0

5.2.2 Educational level of respondents

The highest number of respondents, 40 (33.3%) comprising 39 males and 1 female, have senior
secondary level education (Table 5.2). This is followed by 35 respondents, all males, who have
attained tertiary level education accounting for 29.1%; while 23 (19.2%) participants made up
of 19 males and 4 females have primary level education. Results also show that 12 (10%)
respondents who have junior secondary level education are all males and the lowest group with
10 (3.4%) respondents comprising 6 males and 4 females have no formal education at all. The
results also show that none of the female respondents have attained education up to tertiary
level indicating that female farmers are unlikely to be formally educated than males. Overall,
the results indicate the possibility of an aware group of farmers when it comes to adopting
adaptation strategies to climate change and variability.

Table 5.2: Highest educational level and gender of respondents.

Educational Level Male Female Percentage
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Primary 19 4 19.2
Junior secondary 12 0 10.0
Senior secondary 39 1 33.3
Tertiary 35 0 29.1
No formal education 6 4 3.4
Total 111 9 100.0

5.2.3 Household size

Results show that 50.8% (61) of sampled households are made up of 1-3 males and females,
while households with between 4-6 males and females constitute 45 (37.5%) and 48 (40%)
respectively (Table 5.3). In total, 13 (10.8%) households have 7-9 males while 10 (8.3%) have
the same number of females. The maximum household size is those with 4-6 males and females
while the minimum household size is those with 10 persons and above with just one farming
household recording this number. The mean household size is 3.8 males and 3.5 females in
sample households. This indicates that majority of households in the sampled communities
have the potential of household farm labour-force at their disposal. Results also show that study
households are composed 41.5% of persons under 18 years of age, indicating that there is a
high dependency group in the study households. This is made up of 51.5% males and 48.5%
of females in the same age group (Table 5.4). Individuals between the ages of 18-60 years
constitute about 54.5% of household composition. This includes 46.8% males and 53.2%
females (Table 5.4). This high percentage of female within this productive group might indicate
a reduction in potential farm labour force for some activities, taking into consideration the roles
females play in agricultural activities in most rural areas in SSA. Household members above
60 years make up about 4% of household composition with 64% male and 36% females (Table
5.4).

Table 5.3: Household size and gender composition.

Household size Male | Percentage | Female | Percentage
1-3 61 50.8 61 50.8
4-6 45 37.5 48 40.0
7-9 13 10.8 10 8.3
10 and above 1 0.8 1 0.8
Total 120 100 120 100
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Table 5.4: Household size, age and gender composition.

Household age
o Male | Percentage | Female | Percentage | Total Percentage

composition
Less than 18 192 515 181 48.5 373 41.5
years
18-60 years 229 46.8 260 53.2 489 54.5
Above 60 years 23 64.0 13 36.0 36 4.0
Total 444 454 898 100.0

5.2.4 Employment status of respondents

Out of the 120 participants in the questionnaire, only 6 (5%) said they are employed while 114
(95%) say they are self-employed (Table 5.5). Those employed further stated that apart from
the farming they do, they either work at government offices or teach in schools in their
communities (Table 5.6). Those that are self-employed include 50 (41.7%) who say they only
engage in farming of various crops (like potato, maize, sugarcane, tomatoes, peppers and other
vegetables); while others say apart from farming they engage in various income generating
ventures which include 34 (28.3%) who have a form of business or trading in goods and
commaodities (such as foodstuff, firewood, agricultural chemicals, cooking local snacks and
local beer brewing); 16 (13.3%) are artisans (working as tailors, carpenters, masons, painters,
miners, barbers, butchers, mechanics and tyre repairers); while 14 (11.7%) say they work as
either commercial drivers (transporting persons and goods from one community to another) or

as commercial motorcycle riders (transporting passengers within their communities).

Table 5.5: Employment status of respondents.

Employment status Frequency Percentage
Self-employed 114 95
Employed 6 5
Unemployed 0 0
Total 120 100
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Table 5.6: Employment type.

Employment type Frequency Percentage
Farming 50 41.7
Trading/business 34 28.3
Artisan 16 13.3
Driving 14 11.7
Government worker 6 5.0

Total 120 100.0

5.2.5 Years engaged in farming

Farmers were asked about the number of years they have been farming. The highest number of
farmers (48), which constitute 40% of respondents, say they have been in farming for between
11-20 years, followed by those who have been in farming for 21-30 years constituting 34.2%
(Table 5.7). The average years of farming experience is 29.5 years. This shows that the sampled
farmers have a considerable number of years in farming to be able to give valid information

about the changes in climate as it affects their activities through the years.

Table 5.7: Years engaged in farming.

Years in farming Frequency Percentage
10 — 19 years 32 26.7
20 — 29 years 41 34.2
30 — 39 years 21 17.5
40 — 49 years 13 10.8
50 years and above 13 10.8
Total 120 100.0

5.2.6 Sources of household income

Results presented in Table 5.8 show that 110 (91.7%) respondents indicate that farming is their
major source of household income with 10 (8.3%) suggesting that they have a different major
source of income, yet they engage in farming as a part-time venture. Some of these other
sources of income include working in government offices, trading in non- agricultural goods,

driving, working as artisan like tailors, masons, barbers, mechanics, local beer brewing etc.
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Table 5.8: Farming as major source of income.

Farming as major source of income | Frequency Percentage
Yes 110 91.7

No 10 8.3
TOTAL 120 100

5.2.7 Average yearly household income from farming

Results indicate that 25% of sampled households earn between N100,000-299,999 yearly from
selling their farm produce, while 22.5% earn N700,000 and above (Table 5.9). The third highest
group constitute 19.2% who earn between N300,000-499,999 yearly. Farming households earn
an average annual income of N456,666 ($1109.76) which falls between N300,000-499,999

yearly from their farming activities.

Table 5.9: Average yearly household income from farming.

Average annual income (N} | Frequency Percentage

Less than 100,000 20 16.7

100,000-299,999 30 25.0

300,000-499,999 23 19.2

500,000-699,999 20 16.7

700,000 and above 27 22.5
TOTAL 120 100.0

5.2.8 Average yearly income from other sources

Analysed data from farming households also show that the highest group of participants, 34,
that engage in other income generating ventures are those in petty trading or some other form
of business. Out of this number, 17 said they earn N100,000-299,999 in a year, nine earn less
than N100,000, five earn N300,000-499,999 while two participants say they earn above
N700,000 in a year (Table 5.10). The next highest group are those that engage in artisanal work
with 16 participants. Out of this number, 10 say their yearly income is between N100,000 to
N299,999, three say they get N300,000 to N499,999, while another three say their yearly

income is less than N-100,000.
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Results show that 14 participants said they are into the transportation business as drivers with
seven indicating they earn N100,000-299,999 yearly, two earn above N-700,000 and another
two earn N500,000-699,999. Two other participants say their yearly income from driving is
less than N100,000. The least are those employed by the government with six participants.
Three say they earn income of N500,000-699,999 per year, two earn N300,000-499,999 while
one earns above N700,000 in a year. Farming households earn an average additional annual

income of N313,768 naira (762.50 USD) by engaging in non-farm activities.

Table 5.10: Income from other sources.

Average income (N} Government | Trading/business | Driving | Artisans
Worker

Less than 100,000 0 9 2 3
100,000-299,999 0 17 7 10
300,000-499,999 2 5 1 3
500,000-699,999 3 0 2 0
700,000 and above 1 2 2 0

Total 6 34 14 16

5.3 Assessing household livelihood vulnerability to climate variability

5.3.1 Farmers’ perceptions of climate variation and change

Farmers were questioned about how they felt the climate had changed and varied during the
previous 10 years. This amount of time was deemed sufficient to assess how persistent climate
variability has affected the livelihoods of farming households. The results of the questionnaire
survey shows that households in the study region are aware of climate change. Household heads
were specifically asked about their observations of changes in weather patterns during the past
ten years (i.e. from 2011-2020).

5.3.1.1 Changes in rainfall pattern

A high number of farmers, 108 (90.0%), interviewed during the household survey say they
have observed a decrease in rainfall, with 54 (45.0%) of them saying this is evident in late
rainfall set-in and 14 (11.7%) say it is because the rains stop early (Table 5.11). In total, 11

(9.2%) of farmers also say they have observed a decrease in rainfall characterized by long

50



periods of dry spells. Only seven (5.8%) of the farmers admit that there is a rise in the amount

of rainfall while five (4.2%) say they have observed no changes in rainfall patterns.

Table 5.11: Farming households’ perception of climate variability.

Climatic variable Frequency (n=120) Percentage
Rainfall

Increase in rainfall 7 5.8
Decrease in rainfall 108 90.0
No changes in rainfall 5 4.2
Late rainfall onset 54 45.0
Dry spells 11 9.2
Early cessation of rainfall 14 11.7
Temperature

Increase in temperature 99 82.5
Decrease in temperature 12 10.1
No changes in temperature | 9 7.5

This popular perception about decrease in rainfall was further highlighted during the focus

group discussion where one of the participants said:
As regards rainfall, in years past the rains start early in March but now there is no
rainfall. Especially now that we are in June and it is expected that the rains are
constant, but the weather is hot — like the rain is about to start. Some years ago, in
August, the rains will fall for two weeks without stopping, but now we do not
experience this. The rains come occasionally, so there is shortage of rainfall every
year. (Focus group participant 2, Daffo)

A farmers’ group discussion participant in Bokkos gave an account of the reason why they
believe rainfall amounts has been decreasing over the years. He made this comment:
For the past ten years, the problems we experience due to changes in weather are that
in some years we get enough rainfall while in others we experience a lot of dry spells.
Like this year, the rains did not start on time, was not constant and is not much. Now
we are in July that we usually get a lot of rainfall, but it comes and cease for almost a
week sometimes. (Focus group participant 1, Bokkos)

51



Although most farmers emphasized their view that there has been a decrease in rainfall, a few
farmers explained that this phenomenon is common only when the rainy season farming is
about to commence. There is inadequate rainfall at the beginning but that later in the season
the rains are constant and adequate, although it may be problematic at some periods. A farmer
in the focus group discussion conducted in Bokkos explained this problem when he said:
The rains usually start late and there are dry spells, but the dry spells do not last for
long. Then later the rains will come continuously, and we start seeing “raba” (fog)
that comes with potato disease which can destroy the crop. This constant rainfall also

affects our maize crops too. (Focus group participant 4, Bokkos)

5.3.1.2 Changes in temperature pattern

Table 5.11 shows that the majority of farming households, 99 (82.5%), claim they perceive a
rise in temperatures and that the weather has become warmer compared to some years back,
while 12 (10.0%) respondents say temperatures are decreasing. A small number of farmers,
nine (7.5%), claim that during the study period, they did not notice any variations in

temperature.

5.3.2 Exposure and sensitivity of farmers to climate variability

Results have shown that the exposure of farmers in Bokkos is characterized by the constant
changes associated with rainfall variability and temperature changes season after season. These
variations in rainfall and temperature are considered as major problems for most farmers, 116
(96.7%), in their farming activities, while just 4 (3.3%) indicate that these variations do not
pose much of a problem to them in carrying out their activities. The problems farmers
emphasize include the late onset of rainfall, prolonged dry spells, inadequate rainfall at critical
periods of plant growth, excessive and constant rainfall at certain periods in the planting season
and changes in temperature that adversely affect some plants.

5.3.2.1 Late onset of rainfall

Some farmers, 56 (48.3%), explained that a major problem they face is in form of late onset
of rainfall which causes a delay in planting of crops (Table 5.11). Furthermore, 84 (55.3%)
farmers stated that the beginning of the rainy season when there is inadequate rainfall to plant
their crops is the period they are most affected by variation in rainfall, and 32 (21.1%)

farmers said that they encounter a lot of difficulties when they plant after the first rains and
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anticipate constant rainfall, but it ceases (Table 5.12). This view was further emphasized in
all the focus groups where respondents lamented the problems they encounter when they
plant their crops early, in anticipation of the rains, and these crops get destroyed because of
late set-in of the rains. Commenting on this problem, one farmer said:
When it gets to the period when the rains are not coming, it affects our crops on the
farm. Like this year, the rains did not start on time. This affected our potato seedlings
that were already planted because it is the crop that usually have more problems if
there is less rainfall. When the rains start coming continuously, the soil becomes cold,
then the crops will get “burnt” or die off. (Focus group participant 3, Mbar)

Table 5.12: Reason climate variation constitute a problem for farmers in the study area.

Characteristics of the problem Frequency (n=116) | Percentage

Late onset of rainfall causes delay in planting crops, 56 48.3
insufficient water for plant growth and consequent

poor yield of crops.

Inadequate rainfall as a result of frequent dry spells 72 62.1
affects the growth and yield of major crops grown
in the study communities, e.g. potato, maize, beans,

sugarcane, acha (fonio), and cocoyam

Excessive rainfall in mid-season in July and August 17 14.7

affect fruiting of crops like potato, maize and beans.

High temperatures during dry spells cause wilting 28 24.1

of sprouting crops like maize, tomato and beans.

Low temperatures as a result of excessive and 18 155
continuous rainfall comes with the risk of

incidences of late potato blight disease.

5.3.2.2 Prolonged dry spells and increasing temperatures in the rainy season

Another problem some farmers, 28 (24.1%), say they encounter is prolonged dry spells within
the rainy season which have an impact on plant development (Table 5.13). In total, 32 (21.1%)
farmers further explained that the period they are affected the most is when the rain ceases, and

dry spells coupled with high temperatures results in the wilting and destruction of crops by

53



pests (Table 5.13). Several farmers, 30 (27.0%), say crops that are commonly affected by these

frequent dry spells include the seedlings of maize, peppers and beans (Table 5.14).

Table 5.13: Periods when most farmers are affected by variation in climate.

Periods farmers are most affected by variation in Frequency Percentage
climate (n=152)

At the beginning of the rainy season when planting is Y -
supposed to starts but there is inadequate rainfall.
During cropping period when rainfall ceases after 2 211
planting and dry spells occur.
In the months of July and August when the rains are - 177
excessive and affect the fruiting of potato crop.
Periods of excessive rainfall that causes fog which is
usually associated with late blight disease of potato and 3 2.0
leaching of soil nutrients on maize farms.
Towards the end of the rainy season when less water is
available for crops to complete their growth and 6 3.9
maturity.

Table 5.14: The effects of climate variation on crops grown in the study area.

Major effects on crops Frequency Percentage
(n=113)

Inadequate rainfall affects crops such as potato, maize, beans, 79 70.0
cocoyam, sugarcane and acha (fonio) at the early stages of
their growth.
Excessive rainfall results in low temperatures which affects 10 9.0
fruiting in maize, potato, tomatoes and beans.
Prolonged dry spells cause the wilting of crops due to 30 27.0
inadequate soil moisture and the destruction of crops by pests,
e.g. maize, pepper and beans.
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Late blight disease of potato is common during the rainy 23 20.4
season which has led to some farmers cultivating more of the

crop on irrigated lands.

5.3.2.3 Inadequate rainfall required for plant growth
The majority of farming households, 72 (62.1%), indicate that inadequate rainfall at critical
periods of plant growth affects the yield of the crops they grow (Table 5.12). Additionally, 79
(70.0%) respondents stated that inadequate rainfall affects crops they grow such as maize,
potato, beans, cocoyam, sugarcane and acha (fonio) at the early stages of their growth (Table
5.14). Responding to this problem of inadequate rainfall and the destruction of crops already
planted, a focus group participant said:
What | will say with regards to rainfall is that now we are experiencing shortage of
rain, we do not get adequate rainfall. Now potatoes that we have planted is there in the
soil and it cannot grow well and produce fruits because the rain is not enough to go
deep into the soil. And that is how it will stay or even get rotten if the rains do not fall

constantly. (Focus group participant 1, Daffo)

Some respondents interviewed during the household survey in Mushere also stated that these
variations in rainfall have affected their choice of growing crops they are used to, like cocoyam
and sugarcane. They said they have reduced the cultivation of these crops because of the delay
in rainfall and its amount. A participant in the focus group discussion conducted in the
community gave an account of how he lost most of his cocoyam crop due to delay and shortage
of rainfall in the previous farming season. He said:
We here in Mushere are known for cultivation of cocoyam but now what goes out of
this community is small. A lot of farmers have either reduced or stop the cultivation of
cocoyam entirely. | used to farm between one and a half to two hectares, but last year
the delay in rainfall destroyed almost half of my crops — they just got rotten completely.
And if you wait for the rains to come before you plant, say in July, the period will not
be adequate for the crop to mature, and the rains will cease when it has just started
fruiting. (Focus group participant 3, Mushere)
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5.3.2.4 Excessive and incessant rainfall and decreasing temperatures in the rainy season
Results show that 17 (14.7%) respondents indicated that excessive and constant rainfall within
the rainy season especially in the months of July and August is a major problem that affects
the fruiting of some crops they grow, while 18 (15.5%) respondents stressed that decreasing
temperatures as a result of continuous and excessive rainfall usually portend the occurrence of
crop diseases like late blight in potatoes (Table 5.11). Other respondents, 27 (17.7%) further
explained that the period when variation in climate affects them the most, is when there is
continuous rainfall in July and August as it results in decreasing temperatures which has an
adverse effect on the fruiting of some of the crops they grow (Table 5.12). Some respondents,
10 (9.0%), stressed that crops that are mostly affected by excessive rainfall and subsequent
decrease in temperature include maize, tomatoes, beans and potatoes (Table 5.13). A
participant in the focus group discussion also stated how excessive rainfall at some periods
have brought a lot of concerns for farmers over the years. He stated thus:
Sometime back we use to farm and get good yield, but now when the rains comes and
it continues to fall, the soil becomes too cold, then we observe that our crops will start
to shrink. We will start seeing some pests like worms that affect our potato crops.
Sometimes, it is from the roots that the pests start to destroy the crops and this results
in low yield for us. So, now we are not sure which is better, because if the rains do not
come our crops dry up and if it comes too much, our crops still get destroyed. (Focus
group participant 3, Mbar)

5.4 Factors that contribute to household livelihood vulnerability to climate change and
variability

Although most farmers have acknowledged the impacts of constant changes in rainfall and
temperature in the study area as the main problem affecting their farming activities, interactions
with the farmers have also brought to light some climatic, socio-economic and institutional
factors which has increased their vulnerability. This is reflected in the reasons why some
farmers say they have experienced decrease in crop yield and have made several alterations in
their farming methods which include an increase in the use of agro-chemicals to control crop
diseases and improve soil fertility; and cultivating alternative varieties of crops than the ones

they are used to in order reduce losses when adverse variations in weather and climate occur.
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5.4.1 Increasing use of agro-chemicals by farmers

Farmers in all four focus group discussions stated that as a result of these variations in climate

and its

impacts on crops they grow, they have adopted the use of chemicals to prevent crop

damage and loss. One participant in Daffo community expressed his view on the issue by

saying:

In the past, we did not spray chemicals on crops like potato and maize, and they grow
well and gives us a good yield; but now the crops get infected with pests and diseases
that destroys them when they start to produce fruits. Most times we spray these
chemicals on the crops when the rainfall is scarce and irregular, and we notice that
pests will destroy them. This has always helped in reducing damage to the crops on the

farm. (Focus group participant 4, Daffo)

The head of farmers in Daffo community concurred with this view when he stated how farmers

in the community are striving to keep up with the changes that are occurring. He said:

We have seen changes in weather, and it has affected the crops we grow. The crops do
not do well sometimes because of shortage of rainfall, or this thing that cause the crops
to completely dry up in the farms. There is something like a fog or smoke that drops,
and when it drops and you do not have chemicals to spray on the crop, it burns

everything and there is nothing you will get from the farm. (Head of farmers, Daffo)

Another participant also lent his voice to the variation in climate that has brought about these

problems when he said:

The changes we farmers in Bokkos have been experiencing recently is what we call
“raba” (fog), that usually comes out when rain has been falling without stopping for
days. When we see this “raba” we know our potato crops are in danger of being
destroyed. So, these days we cannot plant potatoes or any other crop like maize and
beans without applying chemicals to prevent it from “raba”. (Focus group participant
4, Bokkos)

A traditional community leader who was interviewed also shares a similar view on the impacts

of climate variation on crops grown in his community. He said:

Yes, there are changes because about twenty-five years ago when we plant our crops,
especially potatoes, we do not spray any chemicals on it. We did not spray any

chemicals that will control either fungi disease or this “raba” (fog) that falls on the
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potato leaves. Now we have this problem of “raba’ that comes in the night or early
morning, and when it clears you observe that the leaves of the potatoes are like hot
water has been poured on them. If you do not control it by spraying chemicals
immediately, the leaves will fall off and the crop will die. Years back we only go to the
farm and pick off the weeds that have grown around the crops to allow it to get fresh
air and more nutrients from the soil. That is all we used to do. But now you must spray

chemicals. (Traditional community leader, Daffo)

One farmer explained how the cost of chemicals and fertilizers is preventing farmers from

cultivating on a large scale. He said:
I would like to cultivate a lot of plots, but it will be useless if I do not have chemicals
and fertilizers to apply on the farm — I could lose everything. The chemicals are now
very costly, some years back we buy at 500 to 600 naira, but now it is 1700 naira or
more. The fertilizer we use to buy at 1000 to 2000 per bag, is now from 10000 to 15000
naira for a bag of NPK. Nowadays a household head cannot cultivate the amount of
land he was cultivating a few years back because of the cost of chemicals and fertilizers.

(Focus group participant 4, Mbar)

5.4.2 Change in the types of crops cultivated

The persistent variation in climate have resulted in many farmers changing the types of crops

they cultivate. One farmer in Mushere community stated that the problems associated with

variation in temperature and rainfall has caused most farmers to drastically reduce or

completely abandon the cultivation of crops like cocoyam, potatoes and sugarcane in the area.

In response to questions on how these changes have affected their crops, he said:
Ten to twenty years ago we just cultivate our crops and give them the simple care of
weeding and earthing, and you just wait for when to go and harvest your crops. The
rainfall was adequate, and the weather was not too hot or cold for our crops. Cocoyam,
potatoes, sugarcane and maize were doing well without spraying any chemicals; but
now each of these crops need one chemical or the other to grow till we harvest them.
We do not have the money to buy all the chemicals, so we must cultivate the crops that
need less or cheaper chemicals like maize and beans. (Focus group participant 5,
Mushere)
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Although application of chemicals to control the impacts of climate variation is common
among most farmers in all the sampled communities, they also commented on how it is
becoming difficult for them to continue growing most of their crops and get good yield with
increasing cost of these chemicals and other farm inputs like fertilizers and improved varieties
seeds. During one of the focus group discussions, a participant said:
This issue of applying chemicals on our crops like maize, beans and potatoes has made
cultivation of these crops very expensive. For instance, it is not every farmer that plants
potatoes these days. Some years back there was no reason to apply chemicals and
almost every farmer plant potato, but now it is only done by farmers with enough money
to buy chemicals. The changes in weather have made the cultivation of potatoes very

expensive. (Focus group participant 3, Daffo)

Another farmer also commented on the high cost of chemicals used on various crops:

The chemicals we use for spraying potato crop is costlier than the ones for maize crop.
Maize is attacked by a pest, and we control it by spraying a pesticide called “sharp
shooter” which you can buy for just 500 to 600 naira for a one litre bottle. This, when
diluted with water can cover about a hectare of maize farm. But the chemicals we spray
on potato will cost about 5000 naira for the same one litre and may not even be enough
to spray a hectare of farm. So, it is expensive to plant potatoes because you will spend
a lot of money. (Focus group participant 5, Mushere)

Another farmer said:
Some time back, about three years ago, fertilizers were not as costly as they are now.
With the high cost of fertilizers and chemicals that we use; and the soil not giving use
good yield anymore, farmers in this community have a lot of problems to deal with.

(Focus group participant 2, Bokkos)

A woman who participated in the group discussion organized for women in Mbar community
explained how the increasing cost of farming inputs and labour is compounding the problems
they face in their farming activities. She said:
The fertilizers and chemicals are in the market, but it is hard to get money to buy
because the prices keep going up. Another thing is the high cost of labour that we hire
on our farms, especially when you have a large farm. For instance, if you employ a

labourer to work for four hours, you may pay about 1500 naira. If it is for six hours,
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you will pay 2000 naira. And sometimes you can arrange and settle for a piece of land

for 10000 naira for a whole day’s work. (Women group participant 2, Mbar)

5.5 Assessing farmers’ livelihood assets

5.5.1 Farmers’ access to land and farm size

Results show that 10 (8.3%) farmers say they cultivate less than 1 ha of land, 41 (34.2%)
farmers interviewed have between 1.5 to 2 ha of farmland they cultivate, 32 (26.7%) have
between 2.5 to 3 ha of land and 37 (30.8%) have more than 3 ha of land under cultivation
(Table 5.15). These are large sizes of farms which may be attributed to majority of the farmers,
94 (78.3%), having access to land through inheritance, while 18 (15%) and 8 (6.7%) having

access through rent and purchase respectively (Table 5.16).

Table 5.15: Size of farm under cultivation.

Farm size Frequency Percentage
Less than 1 hectare 10 8.3
1.5 to 2 hectares 41 34.2
2.5 to 3 hectares 32 26.7
More than 3 hectares 37 30.8
Total 120 100.0

Table 5.16: Farmers’ access to land for farming activities.

Access to land Frequency Percentage
Inheritance 94 78.3
Rent 18 15.0
Purchase 8 6.7

Total 120 100.0

Interviews with traditional heads in the four communities substantiated the fact that most
farmers acquire land through inheritance or land shared among family members. One
traditional leader explained more when he said:
Farmers in this community acquire their farmlands through inheritance while others
through buying. People that have come to our community to settle can acquire land

through the traditional council without any form of payment. The land is given out as
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rent for two years based on an agreement and renewed after the two years. The custom
is that we do not give out more than an acre of land. (Traditional community leader,
Daffo)

Another community leader gave more explanation on the customs of his community as

regards acquiring land when he said:
There are three ways farmers get land here. Firstly, is by inheritance, secondly, by
purchase and thirdly, by rent. For those that rent, we consider it as temporary
ownership based on some form of agreement where the land is either given out for some
amount of money or as collateral for a loan. The land will then be returned to the owner
after the period agreed has ended or when the loan has been repaid. (Traditional
community leader, Mbar)

Although the community leaders had similar views on how land can be acquired in their
communities, they however, had different customs in place when it comes to how settlers and
women in the community get land for agricultural purposes. When speaking on some barriers
in their communities that prevent farmers from acquiring land, one community leader said:
We are careful in giving out land to strangers or settlers nowadays because we have
experiences of farmland disputes that are yet to be settled. A lot of these disagreements
are from simple issues of giving out land to someone to farm for some years and the
person will want to claim the land as his own. So, the traditional council has stopped
farmers from giving out portions of their land without informing their community

leaders and writing an agreement. (Traditional community leader, Bokkos)

Another community leader said:
There are no barriers in this community, except when we are sharing our inheritance
and the issue of culture come in. Normally, we do not give land to women, but right
now as things are going, women can inherit land if the father gives his consent. As for
settlers, we give them land especially when we know they will abide by our culture and
traditions and live in peace with other members of the community. (Traditional

community leader, Daffo)

Commenting further on the barriers women encounter in having unhindered access to land for

agricultural activities, women who participated in the research were unanimous in their
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assertion that the customs and traditions of their communities do not offer equal rights to
women as their male counterparts to inherit land. Although women can occasionally claim such
rights as wife or daughter based on a family agreement. One of the participants in the discussion
explained further when she said:
We do not have a problem in getting land for farming. If you are a married woman,
your husband will give you land to farm for yourself, while some other men will not be
willing to give you land but will prefer you farm together. For women who have lost
their husbands, they will continue to farm the land they used to farm together until the
day she decides to leave the house. When that happens, she no longer have any right to
touch the farms, only her children will be allowed to farm the land. (Womens’ group

participant 1, Daffo)

5.5.2 Crops grown in the study communities

Farmers in the study communities grow a variety of crops (Figure 5.1) which they consider as
main crops for commercial and consumption purposes. These include potatoes, maize and
beans which most farmers grow on a large scale because they are more for commercial than
consumption purposes. However, results from household survey, focus group discussions and
observations show that there are communities that have specific crops that are grown due to
soil type and other environmental conditions. For instance, farmers grow cocoyam and acha
(fonio) in Mbar and Mushere; acha and sugarcane in Mushere; and most vegetable crops such
as green peppers, chillis, green beans and cabbage are grown in Daffo (Table 5.17). Since these
crops are not common to all the communities, farmers grow them mostly to sell to local
markets. Crops that farmers grow on small portions of land or on a small scale includes tomato,
pepper, soya beans, millet, sorghum, groundnut, rice, and sweet potato. These crops are

primarily farmed for domestic use.
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Figure 5.1: Examples of crops that farmers grow in the study communities. (a) Potato,

(b) maize with beans and potato grown in-between, (c) sugarcane, (d) cocoyam.

Table 5.17: Crops grown in the study communities.

Study communities Major crops grown

Bokkos Maize, Potato, beans, tomato

Mbar Maize, potato, beans, cocoyam, sweet potato, acha

Daffo Potato, maize, beans, green beans, green pepper, chilli, sorghum,

soya beans, cabbage

Mushere Maize, potato, acha, beans, sugarcane, cocoyam
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Although the majority of farmers said that there are crops they grow for commercial purposes,
they also state that a small proportion is reserved for household consumption. Results presented
in Table 5.18 shows that 108 representing 90% of farmers interviewed grow potato with 93
(86.1%) of them saying they grow the crop for commercial purposes but save a small portion
for consumption; while two (1.9%) farmers say they grow the crop on a small scale for
subsistence purposes but sometime sell the surplus to meet some household needs. However,
12 (11.1%) farmers say they grow potato mainly for commercial purposes while one (0.9%)
farmer grows the crop for household consumption only.

Another major crop grown in the study area is maize with 118 (98.3%) farmers interviewed
stating that they grow the crop (Table 5.18). Out of this number, 87 (73.7%) household heads
say they grow maize to sell in the markets but reserve a portion for household consumption, 21
(17.8%) farmers say the maize they grow is for household needs, though they sometimes decide
to sell some quantity to the markets, while nine (7.6%) respondents say the maize they grow is
on a small portion of land mainly for household consumption. The next major crop farmers
cultivate in the study area is beans with results showing that 64 (53.7%) farmers say they grow
the crop, out of which 28 (43.8%) grow the crop for household consumption, 20 (31.3%) for
trading and reserve some for consumption and 12 (18.8%) for household needs and the extra
sold in the markets (Table 5.18).
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Frequency

Purpose of growing crops

Crops grown % Commercial/household Household Household
(n=120) consumption consumption/commercial Commercial consumption
Frequency % Frequency % Frequency % Frequency %
Potato 108 90.0 93 86.1 2 1.9 12 111 1 0.9
Maize 118 98.3 87 73.7 21 17.8 1 0.8 9 7.6
Beans 64 53.3 20 31.3 12 18.8 1 1.6 28 43.8
Cocoyam 17 14.7 10 58.8 1 5.9 6 35.3
Sugarcane 15 125 6 40.0 - - 9 60.0 - -
Sorghum 9 7.5 5 55.5 2 22.2 - - 2 22.2
Millet 12 10.0 8 66.6 2 16.7 - - 2 16.7
Sweet potato 10 8.3 3 30.0 2 20.0 - - 5 50.0
Acha (fonio millet) 32 26.7 13 40.6 9 28.1 - - 10 313
Soya beans 12 10.0 3 25.0 2 16.7 5 41.6 2 16.7
Pepper 15 125 6 40.0 - - 7 46.7 2 13.3
Tomato 10 8.3 9 90.0 - - 1 10.0 - -
Cabbage 5 4.7 1 20.0 - - 4 80.0 - -
Green pepper 7 5.8 2 28.6 - - 5 71.4 - -
Green beans 11 9.2 2 18.2 - - 9 81.8 - -
Groundnut 2 1.7 1 50.0 1 50.0 - - - -
Benniseed 2 1.7 1 50.0 - - - - 1 50.0
Rice 1 0.8 - - 1 100.0 - - - -
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Table 5.18: Variety of crops and farmers’ purpose of cultivating them in the study area. Commercial/consumption indicates that farmers
grow these crops primarily for commercial purposes but reserve a portion for household consumption. Consumption/commercial indicates
that farmers grow these crops primarily for household consumption but reserve a portion for selling to the market. Commercial —

primarily for commercial purposes. Consumption — primarily for household consumption.
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5.5.3 Training on how to deal with climate variability and change

Results indicate that having access to information about how to deal with persistent fluctuations
in rainfall and temperature patterns is another factor that may have increased farmers'
vulnerability to climatic variability in the study communities. Most farmers interviewed, 103
(85.8%), indicated that they have not undergone any training on how to manage variations in
rainfall and temperature patterns as it affects their farming activities, while those that had some
form of training, 17 (14.2%), asserted that the problem of climate change was mentioned in
workshops and farm demonstrations that were organized to enlighten farmers on how to deal

with certain crop pests and diseases (Table 5.19).

Table 5.19: Training on how to deal with changes in climate.

Training on climate change Frequency Percentage

Training obtained 17 14.2

No training 103 85.8
Total 120 100.0

Farmers who participated in the focus group discussions stated that agricultural extension
officers who were supposed to train them on how to deal with these problems have not been
doing their work. A participant in Daffo said:

There used to be agricultural extension workers that come around, but it has been four

or five years now since we saw them. (Traditional community head, Daffo)

Another focus group participant said:
The extension workers have stopped coming. For me, it is more than ten years since |
heard any news of agricultural extension workers visiting our community. (Focus group

participant 5, Bokkos)

A farmer gave an account of how they received some training from a non-governmental
organization in their community. He said:
In 2020 some people came through our church to advice farmers on the types of
improved potato seedlings and maize seeds to plant. They also told us the type of

chemicals to apply on the crops. (Focus group participant 2, Bokkos)
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5.5.4 Farmers’ access to irrigation facilities

Most of the farming households surveyed, 103 (85.8%), say they engage in irrigation
agriculture and have access to irrigation facilities; while 17 (14.2%) say they do not participate
in irrigation farming (Table 5.20). Of those who have access to these facilities, 73 (70.9%) own
these facilities (irrigable land, water pump, hose, underground pipes etc.) while 30 (29.1%)

have access through hire from those that own them (Table 5.21).

Table 5.20: Farmers’ access to irrigation facilities.

Access to irrigation facilities | Frequency | Percentage
Owned 73 70.9
Access through hire 30 29.1

Total 103 100.0

Table 5.21: Proportion of farmers’ entire smallholding under irrigation farming.

Frequency of farm size under irrigation
Farmers’ estimated smallholding
<1 ha 1.5-2 ha 25-3ha | above 3 ha
Less than 1 hectare 9 - - -
1.5-2 hectares 29 6 - -
2.5-3 hectares 17 10 1 -
Above 3 hectares 8 14 5 4

Results indicate that 63 out of 103 farmers that engage in irrigation farming say they cultivate
less than one hectare of land for this purpose (Table 5.21), 30 cultivate between one and a half
to two hectares and 6 say they cultivate between two and half to three hectares. Only 4 farmers
say they cultivate more than three hectares of land for irrigation purpose. Results show that
sampled farmers typically cultivate a fraction of their entire smallholding with an average of
between one to one and a half hectares (Table 5.22). The results also show that all 30 farmers
interviewed in Daffo community engage in irrigation farming, followed by Mbar with 28
farmers, Bokkos with 27 farmers and Mushere community, the least, with 19 farmers. This
high number of farmers involved in irrigation farming in these communities may be attributed

to the problems associated with the crops they grow during the rainy season. Respondents
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agreed on this when they said that diseases and pests of crops like potato, tomato, pepper,

cabbage and other perishable crops they grow are common during the rainy season; and this

has led to more farmers cultivating these crops on irrigated lands.

Table 5.22: Size of area under irrigation farming.

Size of area Frequency Percentage
Less than 1 hectare 63 61.7
1.5-2 hectares 30 29.1
2.5-3 hectares 6 5.8
3 hectares and above 4 3.9
Total 103 100.0

Farmers say growing their crops on irrigated land has enabled them use minimum farm inputs

like chemicals and fertilizers on their farms. One farmer explained some of the benefits of

irrigation farming during the focus group discussions when he said:

We do not spray chemicals on crops grown on irrigated farms. All we do is make sure

we control the application of water, chemical fertilizer and manure on the farm. We

only spray some chemicals if we see some pests on the crops which is not usual. (Focus

group participant 3, Daffo)

Although farmers stressed the advantages of irrigation farming when compared to rain-fed,

they also explained the problems associated with this method of farming. One of the focus

group discussion participants explained how most water sources get depleted when their crops

are not yet ready for harvest. He said:

The problem we have with irrigation farming is that not every farmer has land where

there is a source of water and there is a shortage of water now that the rains stop early.

It is the amount of rain that falls that brings water to the river. So, if the rains last till

October, we can get enough water but if it stops in September, we always encounter a

shortage of water for irrigation farming. If this happens our crops will be damaged.

(Focus group participant 1, Daffo)

Results from the household survey indicate that 55 (53.4%) farmers that engage in irrigation

farming say they get water for irrigation from rivers close to their farms, 39 (37.8%) say from
streams, five (4.9%) from earth dam and four (3.9%) from ponds (Table 5.23, Figure 5.2)
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Figure 5.2: Sources of water for irrigation farming. (a) Stream water in Mbar, (b) a pond
dug to collect water during the rainy season, (c) river in Mushere community, (d) earth

dam in Bokkos used for irrigation farming.

Table 5.23: Source of water for irrigation farming.

Source of water Frequency Percentage
Stream 39 37.8
River 55 53.4
Earth dam 5 4.9
Excavated/mining ponds 4 3.9

Total 103 100.0

Respondents explained that they do not store water for irrigation but use it directly from the
source to their farms using a motorized water pumping machine and hose. Observation of some
selected irrigated farms shows how farmers create makeshift dams using sandbags along the

stream or river channel to gather water so they can use pumping machines to draw the water to
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their farms (Figure 5.3). Farmers admit that this activity has created a lot of conflict because
farms that are downstream are deprived of water because of constant damming by farmers
upstream. Other farmers said they dig wells at the banks of the river when they begin to
experience a shortage of water to irrigate their farms. Explaining how effective the measures
his community has put in place to ensure equitable use of water among farmers, a traditional
head said:
There are times farmers have problems among themselves about the use of water for
irrigation. So, we form a committee to visit the farms and see how it can be settled. We
usually do this by giving some farmers specific days to irrigate their farms, while others
will irrigate theirs on other days. So, there will be no more problems. Sundays are

normally left free for anyone that is willing to go to his farm and work. (Traditional

community leader, Daffo)

Figure 5.3: Water storage and use for irrigation. (a) Sandbags are used to construct
makeshift dams along the stream channel to collect water late in the dry season, (b)
shallow holes are dug to collect water for irrigation.

Farmers that engage in dry season farming say the crops they plant includes potatoes, tomatoes,
green beans, cabbages, green peppers, chillis and maize (Table 5.24). Although the majority of
these farmers admit that potato is the main crop they plant on irrigated lands, they also said
they usually have smaller farms where they plant other crops like cabbages, peppers and maize.
Observation of some irrigated farms revealed that most farmers practice mixed cropping on
their farms where tomatoes, cabbage, peppers, maize and other garden crops are planted
together (Figures 5.4, 5.5). Commenting on why most farmers prefer planting potatoes as the
major crop on irrigated farms, a respondent said:
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Cultivating potatoes during the dry season is more profitable for us because it is not
every farmer that engage in irrigation farming, so the demand is very high. Another
advantage is that potatoes grown in the dry season can be stored for a long time, like
two to three months without it getting rotten. So, farmers can control the supply to

markets and get a good price for the product. (Focus group participant 5, Mbar)

Table 5.24: Crops grown on irrigated farms.

Crops Frequency (n=120) Percentage
Potatoes 98 41.4
Peppers 33 13.9
Green beans 32 13.5
Tomatoes 23 9.6
Sugarcane 14 5.9
Maize 13 5.5
Cabbage 12 51
Cocoyam 12 5.1

Figure 5.4: Irrigation channels constructed for water to reach farms that are far from the
water source. (a) Farmers using buckets to scoop water as it flows to irrigate their farms,
(b) farmer irrigating his tomato farm.

72



Figure 5.5: Some crops grown on irrigated farms. (a) Cabbage farm, (b) tomato farm, (c)

farm with cabbage and tomatoes planted together.

5.5.5 Livestock farmers keep

Farmers were asked if they keep livestock and for what purpose. Most farmers, 100 (83.3%),
say they keep livestock of various types, while 20 (16.7%) say they do not. In total, 50 (50%)
of those that keep animals say they keep them for both commercial and consumption purposes,
36 (36%) say they keep them purely for commercial purpose while 14 (14%) for consumption
purpose (Table 5.25, Figure 5.6).
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Table 5.25: Purpose for keeping livestock.

Purpose for keeping livestock Frequency Percentage
Commercial 36 36
Consumption 14 14
Both 50 50

Total 100 100

Figure 5.6: Animals farmers keep are sold on market days. (a) Sheep brought to the
market, (b) goats, (c) indigenous or local chickens being sold in the market, (d) turkeys
brought to the market to be sold.
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Results from household survey shows the variety of animals that farmers keep. A high number
of farmers, 64 (29.1%), keep goats followed by 59 (26.8%) that keep indigenous or local breed
of chickens. In total, 47 (21.4%) respondents say they keep pigs, 25 (11.4%) say they rear
poultry chickens while 20 (9.1%) and five (2.3%) say they keep sheep and cows respectively
(Table 5.26). During the focus groups discussions, participants emphasized the importance of
keeping animals so they can sell and meet up their household needs. One participant of the
group discussion organized for women said:

| have goats and pigs that | keep and sell to meet some of my needs like buying fertilizers

for my farm and sometimes for my children’s school fees. If we have any problems we

pick from our animals and take to the market in Bokkos to sell to buyers that come from

Jos (Women’s group discussion participant 1, Mbar)

Another participant explained why keeping some types of animals have created more problems

for them and why farmers prefer some other types of animals. He said:
We keep pigs so we can only sell because they are costlier. We rear them and sell to
people that will come and buy here at home. We do not take the pigs to the market
because most time our buyers come here and if you have one to sell there are dealers
you will contact. If they see you are pressed for money, they will bargain at a very low
price. We used to have cows and sheep, but thieves have stolen all of them. There is no
way you will keep sheep or cows because the Fulanis do not want to see you with
anything white, they will say it is their own. That is the reason why we only keep goats,

chickens and pigs. (Focus group Participant 2, Daffo)

One participant explained why it is easy for them to keep some types of animals and how

selling these animals has helped in their farming activities. She said:
| have goats and chickens, and I sell them to buy fertilizers, seed and chemicals; and
pay workers on my farm. Here in Mushere, almost every household keep goats because
they are easy to rear. In the dry season we let them to go out and graze on dried grasses
and remains of harvested crops, then in the rainy season when crops start to grow, we
tie them close to where they can get grass and graze. (Focus group participant 6,
Mushere).
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Table 5.26: Types of livestock farmers keep.

Livestock Frequency (n=120) Percentage
Goats 64 29.1
Chicken (local) 59 26.8
Pigs 47 21.4
Chicken (poultry) 25 11.4
Sheep 20 9.0
Cows 5 2.3

5.5.6 Access to storage facilities

The problem of unavailability of storage facilities for harvested crop was emphasized during
the household survey when farmers were questioned about storage facilities for their crops,
especially the perishable ones. In total, 75 (62.5%) famers say they have various ways of storing
their crops which range from specially constructed airy rooms where they store crops like
potatoes, peppers and other vegetables for a few days; to barns and silos where they can store
grains like maize, beans, sorghum, acha, millet and soya beans all year round; which are for
future sale and household consumption (Table 5.27, Figure 5.7). Other farmers, 25 (37.5%),
say they do not have storage facilities and hence they take their crops directly to the markets

after harvesting them to avoid spoilage and loss.

Table 5.27: Farming households’ access to storage facilities for their crops.

Access to storage facilities Frequency Percentage
Households with storage 75 62.5
Households without storage 25 37.5
Total 120 100

Most respondents state that storing their perishable crops after harvest, especially during the
rainy season, has been a challenge. With perishables like potato being a major crop cultivated
in these communities as well as other vegetables like peppers, peas, tomatoes, cabbage, carrots
and green beans; farmers say they will need storage facilities that will keep the products fresh
for some time before selling them. One of the focus group discussion participants explained
the extent of this problem when he said:

The crops we cultivate that are perishable, especially potato, we said the government

should help with a place where we can preserve it after harvest, because one of the
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problems we face in cultivating potatoes is that if it is too much in the market, the price
falls. So, if the government helps in providing ways to store it for a long time, a famer
can take it to the market at his own time and sell at a price that is good. So, it is a crop
that when we harvest, we must take it to the market if not it will get spoilt — that is the

potato that is cultivated in the rainy season. (Focus group participant 4, Daffo)

A focus group discussion participant explained how efforts were made by a non-governmental
organization to help farmers in his community construct local storage facilities for their
harvested crops. He said:
A facilitator came to our community through the church (COCIN). She demonstrated
how we can construct rafters with wood in an open space. It will have gaps in between
where air will pass through then your harvested crops will be spread on it. The windows
will also be opened for proper ventilation. This she said will preserve our crops for a
long time. But we did not try to construct it because it needs a lot of money to buy wood

and employ the carpenter to work on it. (Focus group participant 6, Daffo)

When the researcher asked the field operation officer of the Agricultural Services and Training

Centre (ASTC) about storage facilities they provide for farmers in Bokkos, he said:
We have a big cold store in Kassa where farmers can store their perishable farm
produce like potatoes. Although we do not have a storage facility here in Bokkos, but
we always advice farmers to make sure they do not harvest their potatoes when it is
raining because it gets rotten quickly if the rain falls on it, and it cannot be stored for
a long time. And they should spread it in their store and let it have good ventilation.
(Field operation officer, ASTC Bokkos)
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Figure 5.7: Storage rooms for harvested crops. (a), a barn where grains like maize and
beans are stored, (b) potatoes spread on bare floor in a storeroom, (c) constructed metal

container (silo) for storing grain crops, (d) bags of harvested grain crops in a storeroom.

5.5.7 Farmers’ access to markets

The majority of farmers interviewed, 97.5%, say they have a ready market for their farm
produce when they harvest them, while 2.5% said they find it difficult to get to the markets
with their farm produce due to a lack of access road to their farms but sell to local traders who
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come to the farms by foot or motorcycles to buy. The markets where famers sell their produce
are either in their communities or in neighbouring communities where there are periodic market
days and farm produce are brought from different communities. The major markets are the
Maikatako market on Mondays and the Bokkos market on Thursdays. Table 5.28 shows that
most farmers in the study communities, 105 (87.5%), stated that they usually take their farm
produce to the Bokkos market, while 75 (62.5%) say they take their produce to the Maikatako
market. In total, 30 (25%) farmers indicate that they sell their farm produce in Daffo market
with a high number of them from the same community (Table 5.28). Some farmers say they
prefer to sell their farm produce in the markets in their communities because they cannot afford
the money they will pay transporters to take them to some of these major markets. This is
reflected in the results which shows that minor markets in three of the study communities,
Daffo (26), Mbar (9) and Mushere (11), are patronized mostly by farmers from these same
communities (Table 5.26). A small number of farmers say they sell their farm produce in
markets outside the Bokkos LGA. Results show that eight (6.7%) transport and sell their farm
produce in Jos market, four (3.3%) say they sell in Mangu market and three (2.5%) in Barkin
Ladi market (Table 5.28). Similarly, a few farmers indicated that they transport their farm
produce to other States in the country with three (2.5) farmers say they transport and sell in

Enugu, while only two (0.8%) say they transport farm produce to Port Harcourt (Table 5.28).

Table 5.28: Farmers’ access and distances to markets from their communities.

Community Bokkos Mbar Daffo Mushere | Total Percentage
Bokkos market | 29 27 20 29 105 87.5
Distance (km) | 1-3 75 20.4 19.5
Maikatako 30 24 14 7 75 62.5
market
Distance (km) | 145 21.1 34 33
Mbar market |1 9 0 1 11 9.7

¢ | Distance (km) | 7.5 1-3 13.7 26

g Daffo market |0 4 26 0 30 25.0
é Distance (km) | 20 13.7 1-3 40

& | Mushere 0 0 0 11 11 9.7
g market

S | Distance (km) | 195 26.7 40 13
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Jos market 1 2 4 1 8 6.7
Distance (km) | 71.2 78 91 92

Mangu market | 2 0 1 1 4 3.3
Distance (km) | 62 69.3 82 83

Barkin market | 0 2 0 1 3 25
Distance (km) | 45 51 64 64.5

Enugu (outof |3 0 0 0 3 2.5
state)

Distance (km) | 620 628 648 650

Port Harcourt |1 0 1 0 2 0.8
(out of state)

Distance (km) | >800 >800 >800 >800

Furthermore, farmers take their farm produce, especially, potatoes, peppers, maize, beans,
sugarcanes and most vegetables, to the two major markets in Bokkos and Maikatako, where
buyers from all over the country come to buy in trucks then transport to major cities in Nigeria
like Lagos, Abuja, Port Harcourt, Maiduguri and Kano (Figure 5.8). Farmers who say they sell
their agricultural produce directly to the market constitute 77.5% of respondents (Table 5.29).
This is because they believe they can get a good price for the products when they negotiate the
prices themselves. However, 21.7% of the respondents say they sell through middlemen who
often come to the farms to buy the produce directly from them. They say this protects them

from market fluctuations of prices of the produce as the middlemen pay them upfront.

Table 5.29: Means of selling agricultural produce.

Means of selling agricultural products | Frequency | Percentage
Directly to the market 93 77.5
Selling through middlemen 26 21.7
Selling through farmers’ cooperative groups 1 0.8

Total 120 100.0
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Figure 5.8: Markets in the study area. (a) Bokkos market where bags of potatoes are loaded on
trucks for transportation out of the State. (b) sugarcane from Mushere being sold at Bokkos
market, (c) cabbages and watermelons sold in the market, (d) bags of potatoes prepared for
loading on trucks, (e) pepper being sorted to remove rotten ones before bagging at Daffo
market, (f) green beans being sorted before bagging at Daffo market.
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When asked if there were measures in place to control how farmers take their farm produce to

the markets to avoid overflooding the markets with crops like potato that is grown by most

farmers in Bokkos, a community leader said:
We try to control the market here in this community by telling the town crier to go
around and announce to farmers not to take too many products to the market. We also
do that through the market associations. Despite their stubbornness, we try to see that
they respect the order. We try to arrange how one part of the community will take their
farm produce, like potatoes, to the market this week, and the other part of the
community on the next market day. This is done in order to make the products sell at a

good price. (Traditional community leader, Daffo)

A head of farmers association in Mushere community stated that one of his roles involves the
engagement of farmers on how to sell their farm produce. He said:
| meet with farmers to discuss and fix the prices of farm produce in the market. The
discussion will also look at a situation where the prices of farm produce drop in the
market and what prices farmers are to sell if that happens. I also help in controlling
how farm products are brought to the market because if they are too much, we will not

sell at a good price. (Head of farmers, Mushere)

Although famers want to sell their farm produce at reasonable prices to be able to meet some
household needs and purchase farm inputs, they tend not to adhere to the advice by community
leaders who have observed the effects of overflooding the markets with farm produce
especially when other farmers have sold at a good price the previous market day. Commenting
on this problem, one of the traditional leaders said:
When we tell farmers not to take their products to the market because it will be too
much and the buyers will determine the price for us, they will tell you that they have
pressing household needs. It means that he is in a situation where he must take his
products to the market. Sometimes some farmers will see that someone has sold his
products for a good price, so he will also want to get the same for his products.

(Traditional community leader, Mbar)

Another participant explained how they try to regulate the marketing of different crops based

on how these crops are grown, harvested and stored. He said:
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We always regulate how farmers take their crops, especially maize, to the market here
in Mbar because it is not a perishable crop and can be stored for some time. But we
cannot control how harvested potatoes are taken to the market because no matter how
you tell farmers not to harvest the crop so that the price will be good, they will not
listen. We have some areas that are waterlogged, so if the crops are left in the soil for
too long, they get rotten. So, potatoes harvested from these waterlogged areas, if not
take to the market immediately, it will get rotten because we do not have storage
facilities to store the crops for some time. If we had storage facilities, we could harvest

and store for a while, then control the market. (Traditional community head, Mbar)

A participant stated how some organisations have been making efforts to ensure that famers

can sell their farm products at very good prices without incurring losses. He said:
Our farmers’ association have received help from a programme called the Potato Value
chain that is in partnership with the African Development Bank to build shops in
Maikatako Market where farmers can bring their farm products, especially potatoes,
for marketing. There are buyers who have been contacted and prices of the products
have been agreed upon so that farmers can harvest and sell without any problems.
(Head of farmers, Bokkos)

5.5.8 Farmers’ access to credits and loans

Farmers were questioned about how they get access to credits or loans to help them purchase
agricultural inputs. Results show that 102 (85%) farmers say they do not have access to such
facilities while 18 (15%) say they do (Table 5.30). Those that say they do, state that the sources
of these credits or loans are through their cooperative groups and micro-finance banks that give

their customers short term low-interest loans.

Table 5.30: Farmers’ access to credits or loans.

Access to credit and loan | Frequency Percentage
Farmers with access 18 15
Farmers without access 102 85

Total 120 100

Commenting on how they collect loans from the micro-finance banks, a respondent said:
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Sometimes we collect loans from the microfinance bank in Bokkos. Those that have
accounts with the bank can form a group and collectively apply for a loan. When they
get the money, they share it among themselves so they can buy farm inputs like
fertilizers, seeds and chemicals. After harvest, they will gather the money with interest

and repay what they have collected to the bank. (Focus group participant 3, Mbar)

Some farmers said the reason why they do not go to banks for loans is because the time frame
the banks give for repayment is short and that some banks require that farmers place their
farmlands as collateral for the loan, and most farmers are not ready to risk their farms. One
farmer said he tries to save some money so he can purchase what is needed for the next farming
season. He said:
It is better we save some money from the sale of farm produce to buy fertilizers and
chemicals than collect loans from the bank. For instance, if |1 harvest ten bags of
potatoes and sell, | can be able to buy fertilizer for the maize still on the farm. After
harvesting maize and selling, |1 would be able to buy some fertilizer, chemicals and
manure for the next dry season farming. (Focus group participant 5, Bokkos)

Another farmer explained what they do when they do not have access to formal ways of getting
loans and credits to help in their farming activities. He stated that:
There are farmers that do not belong to a cooperative group or have a bank account
with a bank where they can borrow money. What they do is borrow some money from
their relatives for a period. Most of these farmers do not have the money to open a bank

account and apply for a loan. (Focus group participant 2, Bokkos)

A farmer explained further on other option farmers in his community have in keeping their
farming activities going. He stated that:
There are farmers that have large farms like four or five hectares to cultivate but they
do not have enough money. What they do is to give out one or two for rent. The money
they collect is used for buying farm input and paying labourers to cultivate the
remaining land. They usually give out the farms for two to four years so they can have

enough money to maintain their farms. (Focus group participant 4, Bokkos)
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5.5.9 Farmers’ access to agricultural inputs from government or non-governmental
agencies
Most of the farmers interviewed, 104 (86.7%), say they do not receive help in form of
agricultural inputs from government or non-governmental organisations, while 16 (13.3%) say
they receive help in form of subsidized agro-chemicals, fertilizers and improved
seeds/seedlings from non-governmental organizations, but this assistance is occasional. A
focus group participant narrated one of the few instances when farmers received help from a
non-governmental organization in his community. He stated that:
In 2019 the Nigerian Maize Association was here to help and they selected sixty farmers
for their programme. They grouped us into three groups of twenty farmers each and
distributed fertilizers, seeds and chemicals which was shared among the farmers in
each group. We were going to pay back with harvested maize. They were to also provide
tractors to help us plough the soil and some money to buy other things we need on the
farm, but they did not do that. Although they did not give us all they promised, we were
grateful. Since then, we have not gotten anything from either government or non-
governmental organization. (Focus group participant 3, Daffo)

Some other farmers state that sometimes government tries to help by providing fertilizers at
subsidized prices to some communities through community leaders but most times the amount
is inadequate and very often it does not get to the farmers at all. A farmer explained this
situation when he said:
It is not that government is always bringing subsidized fertilizers or anything here. |
think the last time was in 2015 when they brought some at government price. That was
when | personally benefitted - | got two bags. But now, I cannot remember when last |
heard of fertilizers being sold at government price. Sometimes we hear that they
brought some and gave to Ward heads to help farmers, and we also hear that they gave
five farmers just one bag to share among themselves — what will that do for you? The
last time | saw subsidized fertilizer is up to four years now. (Focus group participant 2,
Bokkos)

Other participants stated instances when some non-governmental organisations had reasons to

help farmers that have been affected by conflicts in their communities. A farmer explained one

of such instances when he said:
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There are non-governmental organisations that came here some years back, but they
were here because of the crisis that occurred between farmers and herders. One of them
is the Red Cross that was here and went around the areas affected, and organized
farmers to assist them by cultivating more than twenty hectares of land. They brought
a tractor to plough the soil and planted maize. They also gave farmers chemicals to
spray on their crops. Although they came to promote peaceful living among people in
the community, they also help in their farming activities. (Focus group participant 5,
Daffo)

5.5.10 Farmers’ ability to save seeds and seedlings
The majority of farmers interviewed in the study communities, 118 (98.3%), say they save
seeds and seedlings for the next farming season, while two (1.7%) say they do not save seeds.
This practice is common because purchasing improved seeds and seedlings is expensive as well
as the observation that they have experienced a good yield from the crops they have cultivated.
Although most farmers say they save seeds and seedling, those that grow crops like peppers,
tomatoes, green beans, cabbage, carrots, peas, and peas state that they must buy new seeds for
these crops each time they want to cultivate them because it is difficult to save such seeds.
Farmers also stated how it is becoming difficult to save seeds and seedlings because of crop
diseases they are experiencing. One farmer described how saving potatoes for planting is
becoming difficult for most farmers when he said:
As a result of the disease affecting potato, most farmers find it hard to save seedlings.
Although we use both the old and new varieties of seedlings, the disease affects all of
them. | would say that the disease affects the new variety the most because it gets rotten
if it is not stored properly for the next farming period. We usually save from harvested
crops of the rainy season to plant on our irrigated farms, and those from the irrigated
crop, we plant in the following rainy season farming, but most of the seedlings do not
survive. (Head of farmers, Bokkos)

Observations revealed that farmers use several methods to preserve seeds of crops. Seed
potatoes are seen spread under the sun to induce early sprouting (Figure 5.9a). This, the farmers
state, is to shorten the time it takes for the crop to shoot out when planted during irrigation

farming. However, there are farmers who are unable to save seeds or seedling of their crops
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due to various reasons which may include crop disease or poor yield from the previous harvest.

Such farmers would have to buy seeds and seedlings that are sold in the markets (Figure 5.9b).

Figure 5.9: Saving seedlings for future planting. (a) Seed potatoes being treated in the sun

to induce early sprouting, (b) seed potatoes being sold in the market.

Commenting on how they interact with farmers in Bokkos to help reduce crop losses due to

diseases and pests, the field operation officer of the Agricultural Services Training Centre

(ASTC) explained one of the measures they have taken when he said:
On the issue of seeds and seedlings, when improved varieties are brought for the
farmers, we first organize a seminar and demonstration where we invite farmers to
come and see. We explain to them the quality of the new seeds and how to plant them
before we distribute to them. Sometimes farmers tell us that they usually plant crops
and get low yield, so we advise them to either change the seeds or seedlings they have
been using for some years or change the land where they cultivate these crops. When

they do this, we get reports of good yield from them. (Field operations officer, ASTC)

5.5.11 Farmers’ access to mechanized agricultural equipment

A high percentage of farmers, 89 (74.2%), say they do not have access to mechanized
agricultural equipment. This is as a result of the high rates being charged to hire the scarce
equipment if they are available. Other farmers state that they choose not to use machines
because of the undulating nature of their farm plots and the type of crops they cultivate which
is not suitable for mechanized agriculture (Tables 5.31, 5.32). Farmers that say they have access
to mechanized equipment, 31 (25.8%), state that they pay either private owners or the ASTC
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to have their plots of land ploughed for an arranged amount of money (Table 5.31). These
farmers explained that they choose to use machines when they want to cultivate new plots of
land that have not been cultivated before or when they have large plots to work on and

employing labourers will cost more.

Table 5.31: Farmers’ access to mechanized agricultural equipment.

Access to equipment Frequency Percentage
Farmers with access 31 25.8
Farmers without access 89 74.2
Total 120 100

Source of agricultural equipment Frequency Percentage
Tractor for hire from private owners 24 77.4
Agricultural equipment for hire from ASTC 7 22.6

(government agency)

Total 31 100

Results from the study communities show that the distance of establishments like the ASTC
that provide mechanized agricultural services from these communities is also a major factor
that contributes to farmers not employing their services (Table 5.32). None of the 30 farmers
interviewed in Mushere, which is furthest away from Bokkos town where the ASTC is located,
say they use mechanized agricultural equipment. Daffo is next with just two out of thirty, then
Mbar which is closer to Bokkos recorded 13 and Bokkos with the highest number of 16 out of
30 participants that have access to mechanized agricultural equipment. Furthermore, results
also indicate that 24 out of 31 respondents that have access to mechanized agricultural
equipment patronize private owners of these machines, while seven said they employ the
services of the ASTC (Table 5.31).

Table 5.32: Reasons why farmers do not use mechanized agricultural equipment.

Reason for not employing mechanized Major features

agricultural equipment

High cost of hiring agricultural equipment Cost of fuel and machine spare parts have

seen an increase in cost of hiring tractors

Distance of hiring agency, especially the ASTC, | The distance of farming communities
to farms outside Bokkos outside Bokkos is between 10 to 20
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kilometers which hiring agencies are
unwilling to travel because of the high
cost of fuel

Uneven topography of the farm plots which

hinders smooth movement of machines

Most farm plots in Mushere and Daffo
communities are dotted with rocks and
uneven terrain which makes it difficult

for machines to operate

Inadequate number of equipment to meet the

demand

Tractors at the ASTC are inadequate and
farmers that require these services must

wait in line for weeks

Ridges made by machines are not suitable for

some crops grown in the study communities

The ploughs the tractors use does not
make ridges that are suitable for most
crops grown in the study communities

like potato that requires raised ridges

Explaining further on the reasons why farmers are reluctant to use mechanized agricultural

equipment, a focus group participant said:

The reason why we have a problem with the ASTC is that their charges are too high for
us. The amount they charge to harrow, plough and ridge a hectare of land is very high,
so farmers prefer to employ labourers or organize a group of youth to farm the land
for just a small amount because there is also need for money to purchase fertilizer and
chemicals. The ASTC has the machines, but farmers do not go to them because of the
high cost they place on their services. It is like they do not intend to help poor farmers,
only large-scale farmers. Another issue is the long time it takes for them to come and
work for us. For instance, you must go to their office to invite them to come and measure
the farm, after which you go to pay for the work to be done, then they give you a date
that they will come for the work. So, it takes a long time for them to respond. Another
problem is that they will not come unless you have two to ten hectares or more of land
to be worked on. If you have less than two hectares they will not come. (Focus group

participant 6, Daffo)
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Although most farmers have stated why mechanized farming is not an option for them, there

are others that explained how some associations and groups are organizing to employ the

services of agencies like the ASTC. One farmer described how they do it when he said:
We know these agencies that provide mechanized farming services are there, but they
are costly. Sometimes the church goes to invite them to come and farm for them and if
your farms are close to where they have come to work, and if you have the money, you
can group yourselves, then negotiate with them to farm the land for some amount of
money. But it is usually difficult for individual farmers to go and invite them to come.
(Focus group participant 5, Bokkos)

However, interview with the field operations officer of the ASTC revealed the numerous
reasons why their services are not meeting the needs of farmers in Bokkos. He listed some of
the challenges they face which includes inadequate manpower, high cost of fuel and damaged
machines which have not been repaired due to high cost of spare parts (Figure 5.10). He
explained further on this situation when he stated that:
We always have issues with farmers complaining about our services especially the
shortage of machine operators. We have the workers, but we cannot exceed our
capacity and the farmers are not happy with that because they have to wait for some
time before a machine can be allocated to go and work for them. They also complain
about our charges — that it is too high for them. We charge 30,000 naira per hectare
for sub-soiling while ridging, harrowing and ploughing cost 27,000 naira per hectare.
The charges are high because we have to operate according to the situation we find
ourselves. Now there is high cost of spare parts and fuel; and we cannot operate at a
loss because we must think of repairs and servicing of the machines. Another problem
is, there are times we have to refuse to provide our services to some farmers. For
instance, a farmer will request our services, but he wants us to farm less than a hectare
of land and his farms is far away, like 15 to 20 kilometres with poor access road. When
we consider the fuel, we would use to get there and the little amount of work to be done,
we tell the farmer that we cannot offer our services. So, it becomes a real problem for

us, and the farmers feel we are not here to help them. (Field operation officer, ASTC)

Commenting further on the problems farmers face in getting mechanized agricultural services,
the extension officer at Bokkos elaborated on the problems facing his establishment in meeting

farmers’ needs in this regard. He said:
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It is difficult to convince farmers to employ the services of operators of mechanized
agricultural equipment because most of them are struggling and they will tell you that
hiring a tractor to work on their farms is expensive. They are used to farming with their
local tools. Although we use to have tractors here, they are all damaged now. Then we
charge farmers a small amount just to cover the cost of fuel, then we go and work on
their farms. But when the machines have a problem, the government does not care to

repair them. So, you can see why we do not have any machines that are operating now.

(Agricultural extension officer, PADP)

Figure 5.10: Mechanized agricultural equipment at the ASTC, Bokkos. (a) Tractors

needing repairs, (b) damaged equipment that are out of use.

5.5.12 Farmers’ membership of associations and cooperative groups
Results show that 94 (78.3%) farmers interviewed say they do not belong to any cooperative
groups or a farmer’s association. After further probing, most of these farmers admitted they
were once members of such organizations but had to pull out because they were not benefitting
from the association. However, 26 (21.7%) farmers say they belong to a cooperative society
and occasionally get help from them in form of credits or loans at a low interest rate and
sometimes they are able to purchase farm inputs through the cooperative at a subsidized rate.
Explaining some reasons why most farmers are not members of cooperative groups or farmers
association a participant stated that:

There are groups and associations but not all farmers are members. | wanted to join a

cooperative group some years ago, but I could not meet up with their conditions. Some
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of the conditions are that you pay some money as registration fee, and you go and show
them the land you want to cultivate which will be the collateral for the money they will
give you. | felt the risk was too much because we heard that if you are unable to pay
back the money, they will sell the farm to get back their money. So, many farmers were

not ready to join with conditions like these. (Focus group participant 1, Daffo)

Another participant explained why she thinks these cooperatives or groups are not really
helping them in their activities and why she has not joined any. She said:
As it involves helping each other, I do not think we do that because the association gives
you some money as a loan and if you do not pay on time the interest keeps increasing
— that is not help. What we want, in these hard times, is a group that will lend us money
to use on our farms, it should not attract any interest — that is when someone has helped

you. (Womens’ group discussion participant 2, Mbar)

However, a participant stated some of the benefits members of farmers associations derive from
being members when he said:
Farmers join our association by paying a registration fee and then monthly dues. The
money collected is used to pay for carrying farm products when some farmers are
unable to transport their farm products to markets that are far away or in a situation
where a truck carrying farm products breaks down, then we help by hiring another

vehicle to convey the products before it gets spoilt. (Head of farmers, Daffo)

Another farmer elaborated on how the cooperative group he belongs to function and its benefit

to members when he said:
What we do in the cooperative group | belong to is that we contribute an agreed amount
of money every Sunday, which is saved for a month. At the end of the month, you collect
what you have saved to buy either seeds, chemicals or fertilizer. The next month we do
the same. We also set aside some money that is saved for the whole year and give loans
to members that pay back with a little interest. This interest is shared at the end of the
year when each member collects what they have saved. We do this to help each other
solve problems and improve in our farming activities. The group has helped me a lot
and other people have shown interest in joining us, but we have reached a limit where
we cannot add more member. So, we are trying to help some groups form their own

association just like our own. (Focus group participant 4, Mbar)
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One participant stressed the importance of contributions to the cooperative group and how

members tend to cope with their farming problems much better than those who are not members

of any group. He said:
The cooperative helps because if someone is in a situation, all members will agree on
the amount of money to give that person so he can solve his problems — that is the aim
of a cooperative. So, farmers that are members will get the amount of money they need
until when they will be able to pay back. But anyone who is not a member cannot go
and say he wants like 100 thousand or money for ten bags of fertilizer, he will not get
it. Some farmers save five, ten and even fifty thousand naira every week and when
someone in the group has a problem it is from the savings that they give him. For those
that save, it shows that they do not have immediate need for that money at that time but
they know one of their members might need it. So, that is the advantage of joining a
cooperative. If you are not part of the group they cannot give you because your money

is not there and they only give their members. (Focus group participant 3, Bokkos)

In addition to the advantages of associations and cooperative groups, there is also the usefulness
of these groups serving as organized or formal links between farmers and government or non-
governmental agencies who want to provide assistance to help farmers cope with the problems
they are experiencing in their farming activities. A participant narrated an instance when this
happened. He said:
The cooperative has an advantage, though I am not part of one, but we discuss with
those that are members. Sometimes they lend money to each other but they charge some
interest on the money they give out, which is a small amount. Another advantage is that
the government or any organisation that comes and wants to share anything like
fertilizers, seeds or chemicals, they prefer to start with those who are members of
cooperatives — it happened here in Bokkos in 2019 when the government brough
subsidized fertilizers and distributed through the cooperative groups that have a list of
their members. If you as an individual go there, or you have no focus as a new group,
you will not be considered. But groups that are organized, if they go, everything will
work out. That is the advantage | have seen in cooperative groups. (Focus group
participant 6, Bokkos)
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Results from focus group discussions and household survey indicate that although the majority
of farmers claim they are not members of an association or a cooperative group, they tend to
form informal groups comprising friends or relatives that render help or assistance when they
are faced with problems in their farming activities. One focus group participant described how
she benefits from such association when she said:
If I have a friend or group of friends that has the means, and | come to her with my
problems, she can lend me some money, which | would use in a business. After | am
done I will return her money to her, and keep the profit. I will just return the exact
amount | collected from her without any interest. (Womens’ group discussion

participant 1, Daffo)

Another participant said:
Another way we help each other is through adashe or contributions that we put together
after we have done some business. After contributing for some time, you then collect
whatever you have saved which will help in buying things you need for your farming.
(Womens’ group discussion participant 3, Bokkos)

Another farmer explained how savings from sales of his farm produce has helped in his farming
activities. He stated that:
Some ways farmers help each other can be through a group we have formed. If you sell
your farm produces you save a certain amount so that we can use it to give out loans
to members which is very helpful. Your savings will then be given to you after some
time, so you can buy things to use on the farm and meet other household needs. (Focus
group participant 3, Mbar)

5.5.13 Types of labour farmers employ for farm activities

Farmers that say they hire farm labour constitute the highest number, 65 (54.2%), out of 120
household survey respondents, while 21 (17.5%) respondents employ both household (family
members including women and children) and hired labour (indigent or migrant) for their farm
activities (Table 5.33). Results also show that 14 (11.7%) respondents stated that they can only
afford to use household labour on their farms while 10 (8.3%) respondents say because of the
large size of their farms they prefer community organised labour (church groups, women
groups, youth groups, close relatives and friends). A few farmers, six (5.0%), say they employ

a combination of household and community organised labour while four (3.3%) respondents
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stated that they employ all types of labourers - household, hired and community organised

labour when the need arises.

Table 5.33: Types of labour farmers employ on their farms.

Types of labour Frequency | Percentage

Hired 65 54.2
Household and hired 21 17.5
Household 14 11.7
Community organised 10 8.3
Household and community organised 6 5.0
Household, hired and community 4 3.3
organised

Total 120 100.0

Results from the household survey also revealed that farmers employ different types of
labourers for various farming activities. The majority of farmers state that they hire labourers
from their communities or migrants or organize communal labour for activities like tilling the
soil and harvesting crops especially when they have large farms to cultivate (Table 5.34). Other
less strenuous farm work like planting, weeding, applying chemicals, fertilizer/manure and
earthing are undertaken by household members especially the women and children (Figure
5.11). Discussions with participants and observations revealed that there are several ways
farmers pay for the labourers they employ for various farming activities (Table 5.34). A farmer
explained some of the ways they pay labourers when he said:
If you hire workers for tilling the soil, you will pay them the arranged amount of money
depending on the size of the land. Some farmers have group of friends or relatives that
come together and work for each other. During harvest, if we hire labourers, we pay
them with some of the harvested farm produce. It could be potatoes or maize, depending
on which crop is harvested. So, that is how we do it here. (Household survey participant,

Mbar)
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Table 5.34: Characteristics of labour employed by farming households in the study area.

(gaya) labour
(church groups,
youth groups or

women groups)

earthing and

crop harvesting

duration usually
depends on

farm size

Type of labour | Farm activities | Form and Average Form of
duration of number of payment for
employment labourers work done

Household Tilling soil, Full-time (all 3-10 labourers | Household

labour (family | planting crops, | year), farms — no

members fertilizer, throughout payment
including manure and farming period

women and chemical

children) application,

weeding,
earthing and
harvesting crops

Hired (indigent | Tilling soil, Part-time 10-15 labourers | Payment in

or migrant) weeding and (seasonal), form of cash

labour harvesting crops | duration during soil
depends on tillage while a
agreed size of quantity of
farm to be harvested crop
worked on is offered as

payment during
harvest

Community Tilling soil, Part-time 15-20 labourers | Payment of

organised weeding, (seasonal), agreed amount

of money,
provision of
food and
refreshments or
an agreed
portion of
harvested crop
after harvest is

done
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Another respondent in Mba community described how payment for labour with harvested
farm produce is done in the community. He said:
Here in Mbar community, we cultivate maize on a large scale and a farmers can employ
between 10 to 15 labourers to harvest his crops. The maize is plucked, peeled and
bagged. After filling ten bags with maize, the eleventh bag is given as payment to the

labourers. At the end of harvest, you see labourers going home with three to five bags

depending on the size of the maize farm. (household survey participant, Mbar)

Figure 5.11: Farm labour activities. (a) Planting of potato seedlings, (b) harvesting
potatoes and earthing for the maize still on the farm, (c) group labour (gaya) for weeding

of maize farm, (d) farmer applying chemicals to control pests and diseases.
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A participant in Daffo community elaborated on why farmers prefer to employ a particular

group of labourers for their farming activities. He stated that:

There are migrant workers or labourers that always come here to look for farms to
work on. Their services are cheaper compared to labourers around here and they
always agree to accept harvested crops as payment for work they have done. Sometimes
the labourers here will insist they want money even when we offer them harvested farm
produce as payment. So, we prefer the workers that come from outside our community.
(Household survey participant, Daffo)

Another respondent explained that the number of labourers they employ depends on the

farming activities to be done. He said:

We use community organised labour (youth groups or women groups) for harvesting
of crops because you need many workers to try and finish in a day or two. This is
because after harvest the herdsmen will bring their animals to feed on whatever is left
on the farm. So, we try to harvest everything at once. (Household survey participant,
Mushere)

5.5.14 Farmers’ access to agricultural information

Results presented in Table 5.35 show that farmers gain access to agricultural information

through several sources. Most farmers, 68 (47%), say they get agricultural information from

other farmers which they consider as more reliable and implementable. This is because the

information that they get are positive feedbacks from other farmers who have used improved

agricultural methods or inputs and have gotten better crop yield. Some farmers explained

further on why the information they get from fellow farmers is more reliable when they stated

that:

We get information from other farmers that have large farms. They are the ones that
receive first-hand information from the agriculture department or non-governmental
agencies who organize programmes for them. So, they come and share information on
when and how to plant a new seed or seedling and also the type of fertilizers and

chemicals to apply on them. (Household survey respondent 11, Daffo)

Another farmer emphasized on why positive feedbacks from other farmers has helped them

make better farming decisions. He stated that:
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When we see fellow farmers who have tried a new farming method or planted new
seedlings of potato or maize on their farms and it has given them a good yield, we ask
them to show us the methods they used, then we adopt these same methods on our own

farms. (Household survey respondent 19, Bokkos)

Some farmers, 35 (24.1%), say they listen to radio programs and advertisement on agriculture
for new information on where to purchase improved agricultural inputs, 25 (17%) state that it
is from marketers of fertilizers and agro-chemicals that they receive information, and 10 (7%)
farmers say non-governmental organisations (e.g. church, German Agency for International
Cooperation (GIZ) and FADAMA I11) are sources of agricultural information for them. A few
farmers, five (3.5%) and two (1.4%), state that they get agricultural information from
agricultural extension workers and farmers’ cooperative groups respectively (Table 5.35).
Some farmers explained further on some of these sources of agricultural information and how
it has helped them adopt new farming methods. One farmer said:

Sometimes we listen to agricultural programmes on radio where they talk about how a

particular seed, seedling or chemical is improving crop yield and where farmers can

go to buy them. (Household survey respondent 3, Bokkos)

Table 5.35: Farmers’ access to agricultural information.

Sources of agricultural information Frequency (n=120) | Percentage
Information from other farmers 68 47.0
From radio programs and advertisements on where to 35 24.1

purchase new agricultural inputs

From marketers of fertilizers and agro-chemicals 25 17.0
Information from non-governmental organisations 10 7.0
(e.g., church, G1Z and FADAMA 111)

From agricultural extension workers 5 3.5
From farmer cooperative groups that organize 2 1.4

demonstrations on how to use new products and

improved farming methods

Another household survey respondent commented on how sellers of agro-chemicals and other

farmers have been a viable source of agricultural information when he said:
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We mostly get information from sellers of herbicides, pesticides and fungicides on
which chemicals are more effective, and from other farmers that have travelled to some
other communities and experienced new methods of planting crops. For instance, a
farmer shared a new method on how to apply animal droppings on our farms before
planting and not after planting, the way we were used to, so that the crop can fully use

the nutrients in the soil. (Household survey respondent 1, Daffo)

Another farmer explained why churches in their community are viable avenues where

agricultural information can be disseminated to farmers. He stated that:
We get information from announcements from the church sometimes. Some agents of
companies that produce chemical come through the church because that is where a lot
of people gather. So, they give information on a new chemical and tell farmers to try it
out. The church also helps in advising farmers on how to change planting time to
prevent damage to crops by pests and diseases (Household survey respondent 21,
Mbar)

A household survey respondent commented on the type of information they get when non-
governmental organisations visit their communities. He said:
We get information from GIZ and Fadama |1l about new seedlings of potato, how to
plant them and the type of chemical fertilizers to apply, and the right time to add manure

on the farm after sowing the seeds. (Household survey respondent 1, Mbar)

Although a small number of respondents stated that agricultural extension workers have been
a source of agricultural information, they however emphasized on the knowledge they have
acquired and how they still practice them in their farming activities. One household survey
respondent said:
Sometime back we usually get information from extension workers on new ways of
farming and how to plant crops apart from potatoes. We were told that planting another
crop with potatoes and rotating the crops we plant can help control diseases and

increase our yield —this has helped us a lot. (Household survey respondent 28, Bokkos)

A few farmers who belong to cooperative or farmers’ groups state that the information they get

as members has helped in improving their crop yield. One farmer said:
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We get information through our cooperative group meetings where they bring samples
of new seedings and demonstrate to us how it should be planted, and the chemicals and

fertilizers to use. (Household survey respondent 4, Bokkos)

5.5.15 Types of agricultural information farmers share
Results indicate that 115 (95.8%) farmers interviewed say they share agricultural information
with other farmers while five (4.2%) say they do not share information. In total, 62 (39.5%)
farmers out of 115 that say they share information stated that where to get new varieties of
seeds and seedlings is a common information they share (Table 5.36). Sources of new varieties
of seeds and seedlings mentioned include the Agricultural Services and Training Centre
(ASTC), Root Crops Research Institute (RCRI) and Non-governmental organisations like GIZ
and FADAMA I11. Although most farmers state that these are the main sources of new seeds
and seedlings, they however admit that they hardly get them directly from these agencies but
rather from other farmers who have large farms and direct links to these agencies. Some farmers
claim that they preserve good seedlings from the previous farming season for replanting in the
next farming season, although incidences of damage to crops by pests and diseases, caused by
changes in climate, has resulted in them seeking out more resilient seeds and seedlings that can
withstand these challenges and improve crop yields. One farmer stated that farmers are now
more concerned with where to get new varieties of seeds and seedlings with traits that can
withstand constant dry spells and diseases that they experience from one season to another.
Another respondent described an instance where sharing of information on better varieties of
seeds and seedlings helped farmers avoid losses as a result of crop diseases. She said:
We used to plant a variety of potato called Nicola which gave us very good yield, but
this blight disease has now affected it. We then got information from other farmers that
have planted a new variety called Marabel that can withstand this disease and give
high yield. Now most farmers here in Mbar plant this variety of potato and it has
reduced the losses we usually experience when there is a disease outbreak. (Focus

group participant 6, Mbar)

This is followed by 36 (22.9%) farmers who share information on the availability of new
fertilizers and agro-chemicals for their farms. For instance, household survey respondent 29
(Bokkos) stated that the agricultural office in Bokkos gave them information on the benefits of

using liquid fertilizers which they shared with other farmers. He explained that as a result of
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frequent dry spells within the rainy season, majority of farmers now use liquid fertilizers which
enable seedlings absorb nutrient quickly for better crop yields. Another respondent (household
respondent 29, Mushere) said because of the high cost of fertilizers, they share information on
new affordable and effective fertilizers, made of the same nutrient composition as the
expensive ones, that enhance crop yield. Commenting on the issue of new fertilizers, a
respondent (focus group participant 6, Daffo) expressed his concern about some common
fungicides they use like “Glory” being adulterated and ineffective in preventing crop disease.
He stated that it was through sharing of information among farmers that they realized the

damage the chemical was doing and searched for more effective alternatives.

Table 5.36: Types of agricultural information farmers share.

Types of agricultural information Frequency (n=115) | Percentage

Where to get new and improved varieties of seeds and 62 39.5

seedlings to enhance crop yield

Where to purchase new fertilizers and agro-chemicals 36 22.9
Where to sell farm produce at better prices 23 14.7
How to plant new varieties of seeds and seedlings 22 14.0
When to commence planting for the farming season 14 8.9

In total, 23 (14.7%) farmers say they share information on where to sell their harvested crops
at better prices. Although results indicate that most farmers prefer to sell their produce at the
local markets and markets close to their communities (see Table 5.28), some farmers admit that
they usually share information on markets in major towns and cities where they can sell to get
better prices. A respondent (Head of farmers, Daffo) stated that they share information on
markets especially when prices drop due to over flooding of the local markets with farm
produce during period of harvest. He further explained that farmers get good prices for their
products like potatoes, peppers and tomatoes in markets outside the State such as in Abuja,
Port Harcourt and Enugu. Results show that 22 (14%) farmers stated that they share
information on how to plant the new varieties of seeds and seedlings for best results. They
explained that there are various procedures that must be followed when planting some of the

new varieties of seeds.

A number of farmers, 14 (8.9%), said they share information on when to commence planting

for the farming season. Respondents reported that this aspect of their farming activities is one
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of the most important because it determines if they are going to have a good harvest or not.
They also stated that variations in the time rainfall begins in recent years has resulted in the
destruction of seeds for farmers that have planted early at the first sight of rain. Hence, sharing
of information about their experiences with other farmers has helped in taking decisions on
when best to start planting for the season. Commenting on the benefits of sharing information
on when to commence planting of crops one farmers stated that:
We share information on when to plant our crops to prevent damage from diseases and
pests as a result of late start of rainfall. Most times we start planting potatoes and maize
in March and April but the rains do not come adequately so we now start planting in
late May and early June when the rains begin to come frequently. (Household survey

respondent 27, Mushere)

5.5.16 Categorizing farming households’ livelihood capital assets

Farmers’ household characteristics and livelihood assets that have been assessed can be
categorized based on the sustainable livelihood approach (SLA) where five types of capital
assets are recognized. These include natural, human, physical, financial and social capital
assets. Household characteristics such as farmers’ access to land, the size of their farm holdings
and the variety of crops they grow are categorized under human capital (Table 5.37). Human
capital includes the household head’ educational level, household size, training and access to
farm labour as indicators, while physical capital assets comprise of farmers’ access to storage
facilities, access to markets, access to irrigation equipment and mechanized agricultural
equipment. Farmers’ income, access to credit and loans from financial institutions and
ownership of livestock are categorized under financial capital assets, while farmers’ social
capital assets are evident in their membership of associations and cooperative groups, and

social networks (Table 5.37).

Table 5.37: Summary of farmers’ livelihood capital assets in the study area.

Livelihood capital Indicators of capital assets assessed in the study area

assets

) Farmers’ access to land, size of farm holding, variety of crops
Natural capital
grown

) Household head’ educational level, household size, training on
Human capital ) ) o
adapting to climate variability, access to farm labour
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Access to crop storage facilities, access to markets, access to
Physical capital irrigation equipment, access to mechanized agricultural

equipment

) ) _ Farmers’ income, access to credit and loans from financial
Financial capital . ) )
institutions, ownership of livestock

) ) Farmers” membership of associations and cooperative groups,
Social capital ]
social networks

5.6 Climate change adaptation

5.6.1 Source of information on weather and climate

Farmers who stated that they get information on weather and climate from public media (radio,
television, online newspapers etc.) constitute 56.7% of sampled respondents (n=120) (Table
5.38). Weather forecast information relating to farming activities are provided by the Nigeria
Meteorological Agency (NiMet) through the radio, television and online newspapers. Farmers,
however, tune in to such programs where the Plateau state Agricultural Development
Programme (PADP) provide specific climate information for farmers in the region. In total,
25.8% say they get information from other farmers. This, according to some farmers, is because
they do not have access to public media, or they have found out that there are major flaws with
information from the public media which are not disseminated on time and frequently. Whereas
information from fellow more experienced and older farmers are seen as more reliable because
they have observed and possessed understanding of the changes in their local environment and

suffered losses in the past because of inaccurate forecast.

A few farmers, 16 (13.3%), say they get climate information from other sources including the
internet, relying on their experience in traditional signs of when the rains are about to start,
from church and community meetings, cooperative groups and traditional leaders. Some
traditional signs mentioned include observing the direction of the wind with “smell of rain”
and an increase in temperature; sighting of migratory birds moving northwards, some plants'
ability to flower and shade their leaves have both been used to signal the start of the rainy
season. Weather forecast information through the church, community and cooperative
meetings are grounded on the issue of how farmers relate with where the information is coming
from. For instance, household survey respondent 16 (Bokkos) stated that although he is aware

that weather forecast information the church gives them is from agricultural programmes on
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public media, he would not have made any farming decisions based on their information, but
since it came through the church, he would accept it because he trusts the church to give them
reliable information. Five (4.2%) respondents state that they get weather and climate
information through extension workers that occasionally come to their communities. Although
farmers acknowledged the fact that visits from agricultural extension workers has been
infrequent, they admit that the information they get from them in most cases have been accurate

and timely.

Table 5.38: Source of information on weather and climate.

Source of information Frequency | Percentage
From public media (radio, television, newspapers) 68 56.7
From other farmers 31 25.8
Others — internet, traditional signs, church and 16 13.3
community meetings, cooperative groups
Through extension workers 5 4.2
Total 120 100.0

5.6.2 Changes in rainfall patterns in the region

The beginning of the rains, which establishes the start of the farming season in the study
communities, as demonstrated by rainfall data has been variable over a ten year period from
2011 to 2020. Figure 5.12 shows that the farming season cannot commence in March as a
result of the fluctuation in the rainfall amounts through the years recording an average of
between 0 and 20 mm per annum. The rainfall amounts for March then increased to 87.3 mm
in 2019, then dropped to 20.3 mm in 2020. The submission by a farmer (household survey
respondent 3, Bokkos) that they have to wait until April and May to commence planting of
their crops is evident in the rainfall data where averages recorded in April experienced an
increase from 46.3 mm in 2011 to 247.2 mm in 2014. Lower average rainfall amounts for April
were however recorded from 2015 to 2020 with a drop of about 180.5 mm from the 2014
amount. Data presented in Table 5.39 depicts adequate and constant rainfall amounts in May
and June within the ten-year span from 2011 to 2020. This agrees with what household survey
participants (respondent 3, Bokkos and respondent 28, Mushere) said that in order to be more
assured that there will be enough rain for crop growth and a better harvest, they now plant their

crops in late May and early June.
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Figure 5.12: Monthly rainfall of beginning of farming season for 10 years (2011-2020). Source:
Nigeria Meteorological Agency (NiMet), Heipang Airport, Jos.

Table 5.39: Monthly rainfall amounts (mm) of beginning of farming season for 10 years

(2011-2020). Source: Nigeria Meteorological Agency (NiMet), Heipang Airport, Jos.

Year/month March April May June
2011 0 46.3 193.9 172.2
2012 0 49.7 311.9 146.2
2013 1 126.6 127.1 172.1
2014 16.6 247.2 139.5 191.4
2015 20.3 8.8 146.5 186.4
2016 12.1 45.9 183 294

2017 0 172 202 339.2
2018 11 18.2 242.3 280.7
2019 87.3 65.7 270.9 236.1
2020 20.3 66.7 282.9 475.8

Annual climate records show a consistent high amount of rainfall in the months of July and
August (Figure 5.13, Table 5.40). These are periods when farmers say their crops are prone to
infection by disease such as late blight especially when they delay planting time to wait for the

rains to be consistent. However, the data shows that there is a drop in rainfall amount towards
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the end of the season in September indicating a drop from 201mm in 2012 to 143.8mm in 2013.

This amount maintained a fluctuating trend until 2020 when it rose above the 2012 amount to

289.6mm (Table 5.40). This agrees with farmers’ view that the rainfall stops earlier than in

previous years and it is characterised by lower amounts marking an early stop to the rainy

season.
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Figure 5.13: Average monthly rainfall of the study area for 10 years (2011-2020). Source:

Nigeria Meteorological Agency (NiMet), Heipang Airport, Jos.

Table 5.40: Average monthly rainfall (mm) (2011-2020). Source: Nigeria Meteorological

Agency (NiMet), Heipang Airport, Jos.

Months 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
January 0 0 0 1.1 0 0 0 0 0 0
February 0 0 0 4.8 37.6 0 0 0 50.6 0
March 0 0 1 16.6 20.3 121 0 11 87.3 20.3
April 46.3 49.7 | 126.6 | 247.2 8.8 45.9 172 18.2 65.7 66.7
May 1939 | 311.9| 127.1| 139.5| 146.5 183 202 | 2423 | 270.9| 2829
June 172.2 | 146.2 | 172.1| 1914 | 186.4 294 | 339.2 | 280.7| 236.1| 475.8

107




July 2375 | 481.8| 333.8 | 248.6 | 264.7 | 4805 381 364 | 323.2| 4723
August 2814 | 153.9 161 | 140.2 | 331.8 204 281 | 4738 | 329.7 | 227.3
September | 181.5 201 | 143.8| 191.2| 1952 | 188.5| 149.1 | 189.7 | 187.5| 289.6
October 56.6 92.5 70.7 70.2 23 0 4 43.6 | 109.1 73.5
November 0 0 0 0 0 0 0 0 0 0
December 0 0 0 0 0 0 0 0 0 0

5.6.3 Climate change adaptation strategies adopted by farmers
Respondents were asked to identify the adaptation strategies they employ in their households
to minimize the negative impacts of climate variability and change on their farming activities.
Some of the strategies includes:

= Changing cropping pattern and time of planting

= Planting disease-resistant and drought tolerant varieties of crops

= Increasing the use of fertilizer, manure and chemicals

= Practicing crop substitution and rotation

= [rrigation farming

= Diversification of sources of household income

This section presents results from household questionnaire surveys, focus group discussions

and observation of farming activities in the study communities.

5.6.2.2 Changing cropping pattern and time of planting

Results from household surveys and observations reveal that a common adaptation strategy
that the majority of farmers, 116 (96.7%) out of 120, adopt is changing cropping patterns and
planting practices which involved adjusting the time they plant their crops depending on when
the rains begin (Table 5.41). Farmers explained that the common strategy was to plant early at
the start of the rainy season in March so that their crops can have enough time to mature, avoid
periods when they are prone to diseases and produce good yield. Commenting on their usual
practice, household survey respondent 9 (Bokkos) stated that they plant crops like potato early
at the onset of the rains to avoid late blight disease which is common in July and August when
rainfall is incessant. However, delay in the commencement of rainfall and early stoppage can

result in a shortened farming season where their crops will not have adequate time to mature.
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Table 5.41: Measures adopted by farmers in the study area to adapt to climate variability.

Adaptation measures Frequency (n=120) | Percentage
Changing cropping patterns and planting practices 116 96.7
(early or late planting)
Engaging in irrigation farming 103 86
Intensifying the use of fertilizers and agro-chemicals 102 85

to boost crop yield

Planting different crop varieties such as disease 77 64.2
resistant and drought-tolerant varieties

Diversification of household sources of income by 45 37.5
engaging in small-scale commodity trading, artisanal

ventures, small businesses

Diversification of crop types including crop 22 18.3

substitution to cope with environmental variations

Changing from farming to non-farming activities by 4 3.3
permanent or temporary migration in search of

employment

As a result of delays in the start of rainfall and frequent dry spells after false starts, farmers
have adopted some strategies to adjust their planting dates to prevent crop losses. One farmer,
household survey respondent 3 (Bokkos), explained that because the rainfall starts late, unlike
in previous years, he must delay planting to late in April or early in May to meet up with when
the rains become constant. He stated further that planting used to be done in March because
when the rain starts, it continues to fall but in recent seasons it can start and then stop for a long
time before it resumes. Another farmer, household survey respondent 28 (Mushere), reported
an instance when they had to delay planting in May (which was already late) to June because
of the late rainfall onset and frequent dry spells that had intervals of a week at some periods.
He pointed out that most farmers had to suspend planting crops like acha (fonio) and potato

that may be affected by the excessive rains in late July and August.

Although this strategy of waiting until the rainfall is constant before farmers plant their crops
has provided a solution to prevent the loss of already planted seeds and young plants at the
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beginning of the farming season, most farmers say they encounter several challenges late in
the season which may include changes in their farming timetable, the risk of their crops being
adversely affected by excessive rainfall or an abrupt stop of the rains. Commenting on how the
alteration in planting dates has affected his farming activities, one farmer said:
As a result of late rainfall, we plant late which affects the time we harvest, the yield and
also when we begin irrigation farming. So, the late rainfall affects all our farming

activities. (Household survey respondent 17, Bokkos)

Another respondent described how their crops are affected when they adjust to the shortened
length of the farming season. He shared his experience when he said:
The late start of the rains has caused the shifting of the time we plant. So, we plant
late and hope we get enough rainfall till the crops mature. Yet sometimes the rains
stop early, and this negatively affect our crop yields. (Household survey respondent 8,
Mushere)

Traditionally, farmers in the study area plant their potato crop twice in the rainfed farming
season and once in the dry season (irrigation farming). The first rainfed planting is usually from
April to July while the second is from august to November. Planting of potatoes on irrigated
farms starts in December through January with harvests in March. However, the delay in onset
of rainfall and consequent adjustment of planting periods has affected this farming schedule.
A respondent, focus group participant 3 (Daffo), stated that they now experience a combination
of unexpected climatic events like late rain onset, dry spells and early cessation within a
growing season which has led to most farmers cultivating crops like potato once in the rainfed
season. He explained that the delay in planting at the beginning of the season affects the time
of harvest and hence the commencement of the next planting period, which most farmers are
unwilling to risk because they are unsure if the rains will be adequate for their crops to reach

maturity.

5.6.2.3 Planting disease resistant and drought tolerant crop varieties

Another adaptation strategy farmers say has helped them secure their farms and reduce crop
losses due to climate related events is the planting of different crop varieties that can withstand
diseases and drought. Out of 120 household survey respondents, 77 (64.2%) say they have

adopted this measure combat diseases that affect some of the major crops they cultivate like
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maize, potato, tomato and beans and it has helped in increasing their crop yield (Table 5.41).
With the prevalence of the potato blight disease in the study area and crop losses they have
incurred through infection and low yield, famers say they had to secure disease resistant
varieties of potato to safeguard their crops and improve yields. Commenting on a variety of
potato that is disease resistant, a farmer said:
We try to get seedlings of potatoes that are not easily destroyed by diseases. For
instance, we plant Marabel which is a variety of potato that is hardly infected by the
disease, and it gives a good yield. (Household survey respondent 23, Mushere)

Another respondent explained one of the measures they have adopted because of unpredictable
weather patterns, particularly a shortened rainy season. He said:
Farmers now go for crop varieties that mature fast and resist diseases because we are
not sure of how the rainfall is going to come. We now plant new potato varieties like
Nicola and Marabel that matures in about two months as against three months for other

varieties. (Household survey respondents 3, Bokkos)

Farmers in the study area reported that false starts in rainfall and frequent dry spells within the
farming season has caused them to grow drought tolerant and pest resistant crops. This has
enabled their crops, especially maize, to continue to grow even when the rainfall becomes
inadequate. Commenting on this strategy, one farmer said:
We received improved variety maize seeds from a non-governmental agency that visited
our community. The seed require a little amount of rain to grow and it matures faster
than the seeds we use to plant. For instance, there was a time we planted the maize and
it only rained once after that, but when we went back to the farm, we saw that it was
growing faster than our normal maize. So, we saved some of the seeds which we are

still planting now. (Focus group participant 2, Daffo)

Focus group participant 2 (Mbar) explained that apart from being drought tolerant, the
improved maize seeds they now plant are pest resistant. He said the destruction of young maize
crops from the roots by worms (rootworms) when there are prolonged dry spells has been a
problem which has resulted in low maize yields, but planting the pest resistant seeds have

reduced the damage to their crops.
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5.6.2.4 Increasing use of fertilizers, manure and chemicals
Another adaptation strategy 102 (85%) out of 120 interviewed farmers say they adopt, is the
increased usage of farm inputs like chemicals, fertilizers and organic manure to prevent crop
diseases linked to variation in climate and improve soil fertility to obtain maximum crop yield
(Table 5.41). Respondents reported that a common problem they encounter in their farming
activities is the frequent outbreak of potato late blight disease (Phytophthora infestans) which
becomes widespread when rainfall is excessive in mid-July through August, and when
temperatures drop. To prevent their crops from being destroyed by the disease, farmers have
now increased the use of fungicides like “Glory” at critical stages of plant growth (foliage,
flowering and fruiting). One farmer explained why it is necessary that they use more agro-
chemicals in growing their crops. He said:

These days we cannot plant potatoes or any other crop without applying chemicals to

prevent it from “raba” (late blight) that brings disease or pests. Because when the rains

come continuously, the “raba” comes out then destroys our potatoes. So, every farmer

has to plan to purchase chemicals for his crops. (Focus group participant 4, Bokkos)

Increasing use of pesticides to control the pests that destroy crops during dry periods was
reported by farmers. One farmer, household survey respondent 10 (Daffo), stated that young
maize plants are attacked at the roots and destroyed by worms (rootworms) and ants (army
ants) when dry spells occur during the rainy season. He said that the application of pesticides
has helped to control these pests and salvage their crops. Another farmer, household survey
respondent 5 (Mbar), explained that when they observe that their crops are being attacked by
these pests, they usually have access to cheap and effective pesticides like “sharp shooter” that
they use to combat the pests. Farmers say they now use more inorganic and organic fertilizers
than they did some years ago to improve their crop yields. This is as a result of low yields they
recorded in previous farming seasons cause by disease outbreaks and a depletion of soil
nutrients required by plants. Explaining why they have intensified the use both manure and
chemical fertilizer to increase yield, one farmer said:

We use more fertilizers because the soil is not giving us good yield and we combine it

with cow dung or chicken droppings increase our yield. The chemical fertilizer is

expensive now so we usually try and get manure but that is becoming hard now with

the high demand. (Household survey respondent 13, Mushere)
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Farmers stated that they have resorted to using more manure (animal and chicken droppings)
than chemical fertilizers to improve soil nutrient content. Commenting on the reason why they
do this, one respondent said:
We now use more poultry droppings to improve the soil fertility because chemical
fertilizers are now expensive, and the strength has been reduced. So, we must use what

we can get to increase our harvest. (Household survey respondent 17, Bokkos)

However, a farmer, household survey respondent 19 (Bokkos), said the high demand for
manure (especially chicken droppings) has led to its scarcity forcing farmers to either purchase
the expensive chemical fertilizers or risk using cheap alternative that might not give good

results.

5.6.2.5 Practicing crop substitution and rotation
Another on-farm adaptation strategy farmers (18.3%) have adopted to address environmental
variations that they face is changing the types of crops they cultivate and replacing them with
other crops (Table 5.41). Although some farmers stated that they have changed the crops they
usually cultivate like potato, with new ones like maize or beans because of crop diseases and
loss associated with variations in climate; they state that they have not completely abandoned
the cultivation of potatoes, but they do not grow them on a large scale. Explaining the reason
why most farmers have adopted this strategy, a respondent said:
We plant different crops to make sure we do not loss everything when one is infected
by disease. Some years back farmers in this community lost their entire crops because
they planted just a single crop. So, now we plant maize, beans and potatoes. (Household

survey respondent 28, Daffo)

One farmer, household survey respondent 1 (Mushere), stated that despite the frequent
incidences of disease that had affected his potato crop, he has not abandoned cultivating the
crop but rather reduced the size of land for potato cultivation. He said he now grow more beans
and maize crops instead. Another farmer reported that he now cultivates crops that can
withstand the adverse conditions brought about by the persistent changes in weather patterns.
He said:
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We now plant a lot of maize and Acha because they can withstand these diseases and
periods of dry spells. A crop like acha does not need much fertilizer and it grows well

with less rainfall. (Household survey respondent 15, Mushere)

Some respondents acknowledged that practicing crop rotation helps prevent the spread of some
crop diseases. A farmer explained this measure when he said:
We have learned to plant different crop varieties to stop the spread of some diseases by
changing when and where we plant particular crop. This year | have planted maize on
the farm that | cultivated beans last year and it is growing without any problems of

disease infection. (Household survey respondent 15, Bokkos)

Most farmers in Daffo reported that they introduced the cultivation of some new crops that help
farmers earn added income. They now earn good income by growing vegetable crops that takes
about two months to cultivate and avoids periods in the rainy season when crop diseases are
common. One farmer commented on this when he said:
There is a change in crops that we grow now. Years back, our people use to grow just
maize and potatoes, but now there is a change in farming in the area of cultivating what
we call “kayan gwari” (vegetable crops). We plant crops like green beans, carrots,
yellow pepper, green pepper, chili peppers, peas, cabbages and many more. We do not
grow them before now. We look at them, they are easier to farm. For instance, if you
plant green beans, in about two months or one month and two weeks it will be ready
for harvest and there is a ready market for them; and it gives you more money; like
quick money for you to buy fertilizers. It is like an added advantage for you to get
fertilizers to apply on your maize or potato crop. Then we do not grow them at all, these
days it has become common that every farmer in Daffo grow these crops and it helps
in getting money to farm what we use to farm then, because we use the money to buy

fertilizers and chemicals. (Focus group participant 2, Daffo)

5.6.2.6 Irrigation farming

A high number of farmers interviewed state that engaging in irrigation farming is one of the
measures they have taken to adapt to climate variation and change that affects their farming
activities (Table 5.41). Out of 120 respondents interviewed, 103 (86%) stated that they grow a

variety of crops on irrigated lands for a number of reasons which includes the control of water
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requirements for vegetable crops like tomatoes, peppers, cabbages and green beans which are
prone to diseases during the rainy season when there is excessive rainfall; avoid disease of
potato which is less common in the dry season to optimize yield and helped increased their
income by selling their farm produce at a premium price. Commenting on the benefits he
derives from engaging in irrigation farming, one farmer states that:
Our harvest from irrigation farming is very good because we can control the amount
of water we apply on the crops and there is no problem of pest and disease of the crops
we grow like potatoes, tomatoes and maize. So, no need for spraying chemicals and we

use a small amount of fertilizer and manure. (Household survey respondent 9, Daffo)

Farmers report that although irrigation farming is cost effective at the initial stage with the
exorbitant cost of equipment like pumping machines and hose, and the constant attention given
to water requirements of crops, the benefits have proven to be profitable over time. A household
survey respondent in Bokkos explains further on cost of adopting irrigation and its advantages.
He said:
We do dry season farming because the farmer controls the amount of water to apply on
his crops. Although it is costly to access funds for equipment and needs a lot of time,
irrigation farming gives more yield and harvested crops sell for good prices in the

market. (Household survey respondent 21, Bokkos)

A respondent, household respondent 10 (Mushere), stated that apart from high crop yields and
better prices for the crops grown on irrigated farms, farmers also get an opportunity to save
healthy seeds that are free from disease after harvest. These seeds will be kept for planting in
the next farming period. Another respondent (household survey respondent 13, Mbar) states
that the earnings they get from selling their crops from irrigated farms helps them in purchasing
farm inputs like agro-chemicals, fertilizers and seeds in preparation for the next farming season.
Although farmers admit that adopting irrigation farming has become a viable adaptation
strategy to cope with problems associated with climate change such as disease and
unpredictable weather patterns that affect their crops, they also pointed out that there are some
challenges they face when trying to implement this measure. Commenting on this, one farmer
said:

Farming in the dry season is more profitable but we need money to buy equipment like

water pump, hose, pipes, fertilizers, and also where we can always get water like a dam
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or reservoir. If we get all these, we can be able to increase our irrigation farms.

(Household survey respondent 28, Mbar)

Another respondent highlighted the issue of using fuel to operate the water pumping machines
and the shortage of water as a result of constant usage by farmers or drying up of the water
source. He said:
Farming in the dry season is hard because we use water pumps that need fuel to
function and sometimes the river dries up quickly because too many farmers are using
the water. While in rainfed farming we get water naturally, it is the diseases of crops

that is affecting our harvest. (Household survey respondent 4, Mushere)

Commenting on where they get water for the irrigated crops and periods when they face
problems of shortages, one farmer stated that:
We have control over the amount of water we apply on the crops in irrigation farming
unlike in the rainy season when inadequate and too much rainfall affects crops like
potato and tomatoes. Sometime the problem we face is shortage of water in the river
deep in the dry season from December to February. (Household survey respondent 4,
Bokkos)

However, some farmers in Bokkos community stated that the presence of an earth dam in their
community has helped in providing a reliable source of water for irrigation farming.
Commenting on this and the assistance they will require to fully utilize the water, a respondent
said:
Dry season farming is more profitable here because we have a dam near our land so
there is no problem of water shortage. All we need are water pump, pipes and hoses
long enough to pump the water to the farms that are a bit far from the dam. (Household

survey respondent 5, Bokkos)

5.6.2.7 Diversification of sources of household income

Apart from diversifying their farming practices to reduce vulnerability to changing patterns of
rainfall and crop diseases to increase crop yield, farmers (37.5%) claim they have adopted a
varied portfolio of income ventures to increase their household income and sustain their
livelihoods because of poor crop yields caused by climate variability (Table 5.41). The

portfolio includes several off-farm activities like small-scale trading in food items, engaging in
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transportation business, selling farm inputs like agro-chemicals and fertilizers, carpentry and a
host of others. These ventures help increase income, improve their assets and build resilience
to periods of adverse conditions. Result obtained from household survey and focus group
discussions indicate that most respondents have other sources of augmenting their household
income aside from farming. Farmers explain that a portion of their earnings from the alternative
income source is used in planning for the next farming season and vice versa. Commenting on
this strategy a farmer stated that:
| have work apart from farming which I use the money from selling my farm produce
to improve on. | am a photographer and the money | get from the business I use it to
buy farm inputs. Again, when | sell my farm produce, | use the money to buy a gadget
that | do not have. For instance, at one time it was the money | got from selling my
potatoes that | bought a printer for instant passport photographs. So, that is how most
farmers do it here. You cannot rely on only farming because there are many problems

that affect our crops now. (Focus group participant 5, Daffo)

Results indicate that there are particular income generating activities that are predominantly
done by women such as petty trade in food items, cooking and selling of local snacks. A female
respondent stated that, as a woman, she has to find a means of generating extra income
especially at off-peak farming periods when she does not have to go to the farm. Commenting
on her activities, she said:
We do a lot of buying and selling of food stuff. I buy beans, maize, and sell in “mudu”
(small measures). In some period, | roast maize and sell boiled groundnuts. All these
help us when we want to buy fertilizers or chemicals for spraying on our farms. And
also support us in buying some food items we need in the house. (Womens’ group

discussion 2, Daffo)

Some respondents reported that they engage in more than one alternative source of income
apart from farming to meet their household needs. Explaining this strategy, respondent 2
(women group discussion, Mbar) state that she sometimes go to the market or farms during
harvest and buy maize and potatoes at a cheaper price and sell to get some profit. She also
brews and sell “burukutu” (local sorghum beer) which brings her a considerable income to buy
farm inputs and take care of some household needs. Respondents state that other ways of
increasing their income is by visiting local markets to sell various items including livestock

they rear (goats, sheep, chickens), seeds, clothing, household items (local pots, calabashes,
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spoons) and local farm implements (cutlasses, hoes, machetes). Explaining other income

generating activities farmers are involved in, a respondent said:
We do trading, especially those of us that have saved some money, we have markets in
Daffo, Mbar, Kawel where we go to sell animals and other items like chemicals for
crops and clothings. We also do handwork, these are tailoring and computer business
centres. Others sell various goods in shops. All these are done to bring some more
income to the home and to have something to be able to solve their household problems.
(Focus group participant 6, Bokkos)

Another source of income that respondents mentioned is that of transporting persons and goods
within and outside their communities. This is considered a viable source of income, which
results show, is dominated by men. Periods of high demand of transporters are on local market
days when farmers need to transport their farm produce to the markets. One farmer said:
| have a vehicle that | use for transportation of goods. What I get from this business is
used to pay for my children’s school fees and help me buy farm inputs. (Household
survey respondent 6, Mushere)

A farmer (household survey respondent 21, Mushere), explains that he works as a carpenter to
diversify his source of income. He added that earnings from this work helps in paying his
children’s school fees, buy farm inputs and food items they need but do not grow on their farm

like rice, palm oil, vegetable oil, onions; and fruits like oranges, bananas and mangoes.

5.7 Assessing vulnerability using the livelihood vulnerability index

The results of the LV1 values of all five (5) major components (capital assets) and twelve (12)
sub-components of Bokkos, Mbar, Daffo and Mushere communities are presented collectively
in Table 5.42. The vulnerability scores are measured on a scale from 0 (less vulnerable) and 1
(most vulnerable). The findings of the LVI analysis are presented at the household and
community levels. The overall vulnerability differs significantly among the study communities
where Mushere showed greater vulnerability (0.516), followed by Mbar which recorded a
vulnerability value of 0.499 and Daffo with vulnerability of 0.456. Bokkos demonstrated the
lowest vulnerability (0.288) (Table 5.42). Results indicate that study households in
communities show high vulnerability in social, physical and human capitals (Figure 5.14), but

indicate differential vulnerability in financial and natural capitals. Results indicate that social
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capital (in form of percentage of farmers who do not belong to a formal cooperative group),
physical capital (no access to mechanised agricultural equipment) and human capital
(percentage of farmers with no access to training on how to adapt to climate variability) indices
are the major contributors to household vulnerability in the study communities. Households in
Daffo (0.90) and Mushere (0.90) recorded the highest values for vulnerability in access to
social capital with a few farming households belonging to a formal cooperative group or
association. This is followed closely by households in Mbar with 0.867, while households in
Bokkos recorded the lowest vulnerability in this category with an index value of 0.467 (Table
5.42). Physical capital in form of households without access to mechanised agricultural
equipment heightens the vulnerability index and increased vulnerability for study communities.
The impact of physical capital was more pronounced in Mbar (0.785), Mushere (0.700) and
Daffo (0.467). Bokkos recorded the lowest vulnerability in this category with a value of 0.283
(Table 5.42). The other index for physical capital (farmers not engaged in irrigation farming)
helped to lower the vulnerability index for Bokkos (0.10) and Daffo (0.00), while index scores
recorded for Mushere (0.40) and Mbar (0.64) are relatively high and contributes to household
vulnerability. Irrigation farming enable households diversify their farming activities by
growing crops all year round thereby helping them avoid crops losses associated with farming

in the rainfed period, and increasing their income.

W Bokkos

u Mbar

m Daffo

Mushere

Human Natural Social Financial Physical

Figure 5.14: Components contributing to household livelihood vulnerability in the study

communities.
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Vulnerability index for financial capital indicates that households in Mushere and Daffo have
the highest vulnerability with 0.467 and 0.455 respectively. This high vulnerability is as a result
of farming households in these communities recording high percentages without access to
credit and loans from financial institutions (Mushere, 0.867 and Daffo, 0.933), and some
households earning less than 100,000 naira per annum from selling their farm produce
(Mushere, 0.367 and Daffo, 0.267) (Table 5.41). Bokkos (0.33) and Mbar (0.33) communities
recorded the lowest vulnerability in financial capital. Although these two communities
recorded high vulnerability values in the access to credit and loans sub-component (0.800),
they recorded low vulnerability indices for farmers who earn less than 100,000 naira per annum
(0.000 and 0.033 respectively). However, all study communities recorded low vulnerability in
the ownership of livestock (Bokkos 0.200, Daffo 0.167, Mushere 0.167 and Mbar 0.167),
which is considered as disposal asset used to enhance household financial capital helping
farmers build the adaptive capacity and reduce vulnerability to climate variability.
Additionally, study households recorded lower vulnerability in natural capital with a small
percentage of households owning less than 1 ha of land (Table 5.42). This indicate that farmers
have access to enough land they can use to practice crop diversification which protects them
from losing their entire crop as a result of climate variability. Farming households also recorded
low vulnerability score in crop diversity sub-component with a high percentage of households
growing more than three variety of crops. Mbar community recorded the lowest score (0.11),
followed by Daffo and Mushere (0.125) and Bokkos (0.17) (Table 5.42).

Households also recorded high vulnerability in human capital with a high percentage of farmers
depending only on farming as their sole income earner. Mbar community recorded the highest
vulnerability (1.00), followed by Mushere (0.933) and Daffo (0.833). Bokkos recorded low
vulnerability with 0.133 (Table 5.42). Although farmers claimed that their main source of
income is from farming, they however, earn some more income from other activities which

helps in augmenting farm income.
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Table 5.42: Capital assets, major components, sub-components and livelihood vulnerability index for the study communities

mechanised agricultural equipment

Capital Major Sub-components (indicators) Bokkos | LVI Mbar | LVI Daffo LVI Mushere | LVI
type components
Knowl_edge Percentage of_HousehoId heads without 0.1 01 0 0.067
and skills formal education
Training Percentage of farmers with no training on
H“”.‘a” coping with climate change 0.7 0.316 08 0.538 0.933 0.492 10 0.583
Capital Livelihood Percentage of households that depend on
; . 0.133 1.0 0.833 0.933
farming as sole source of income
Number of livelihood strategies 0.33 0.25 0.20 0.33
Natural Land Eehr;:entage of households with land less than 0 03 03 0.033
capital Crop Average number of crops grown by 0.085 0.205 0.213 0.079
A 0.17 0.11 0.125 0.125
diversity households
Social Social Percentage of households not members of
capital network cooperative groups 0.467 0.467 | 0.867 | 0.867 0.90 0.90 0.90 0.90
Percentage_of households earning less than 0 0.033 0.267 0.367
. . 100,000 naira per annum
Financial | Income -
: Percentage of households without access to 0.33 0.33 0.455 0.467
capital ) . LT 0.8 0.8 0.933 0.867
credits and loans from financial institutions
Livestock Percentage of households without livestock 0.20 0.167 0.167 0.167
i R I :
cagital Infrastructure Per?:entage of fargmers without access to 0.283 0.785 0.467 0.70
0.467 0.90 0.933 1.0

Overall LVI: Bokkos LVI =0.288, Mbar LVI = 0.499, Daffo LVI = 0.456, Mushere LVI =0.516
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5.8 Factors influencing farmers’ choice of adaptation strategies

Regression analysis was carried out by using a Student t-test to identify the influence of
different factors that contribute to farmers taking certain decisions and enabling them adapt to
persistent climate variability and change in the study communities. Some of the factors include
farmers’ membership of a cooperative group, training on how to cope with climate variation
and change, years of farming experience, educational level attained by household heads and
income of farming households. These factors are analysed to determine their influence on how
farmers make choices on how to respond to the impacts of changes in climate that affect their
livelihood activities. A two-tailed test with 5% significance level was undertaken to establish
the strength of influence of the various dependent variables.

5.8.1 Influence of farmers’ belonging to a cooperative group

Farmers report that being members of a farmers’ or cooperative group has numerous benefits
which include access to subsidised agricultural inputs like fertilizers and chemicals, access to
credits and loans, and access to agricultural information. This has made it imperative to analyse
its influence on farmers’ awareness of climate change impacts. Results in Table 5.43 show that
there is a positive and significant relationship between farmers belonging to a cooperative
group or farmers’ association and their being aware of the impacts of climate variations and
change on their farming activities (p-value is 0.000, which is less than 0.05). The model
summary presented in Table 5.44 shows a R?= 0.871 which indicates that a high proportion of
the variance in the dependent variable can be explained by the independent variable, that is,
being members of a cooperative group or farmers’ association is a good predictor of farmers

being aware of the impacts of climate variation and change.

Table 5.43: Regression analysis on influence of cooperative group.

Independent variable Coefficient | Standard deviation | t-ratio | Significance
error

1 (constant) -1.443E-15 | 0.026 0.000 |1.000

Being aware of the impacts

of the variation in rainfall 0.945 0.033 28.235 | 0.000

and temperature

a. Dependent variable: belonging to a cooperative group/farmers’ association
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Table 5.44: Model summary on influence of cooperative group.

Model | R R- Adjusted R- Std error of Durbin-
square square estimates Watson
1 0.933| 0.871 0.870 0.179 2.501

(a) Dependent variable: belonging to a cooperative/farmers’ association
(b) Predictor (constant): being aware of the impacts of variations in rainfall and

temperature

5.8.2 Influence of training on how to cope with climate variation and change

Although results show that quite a few farmers in the study area have received any form of
training on how to deal with variations in climate, its influence on how farmers make decisions
on their farming activities cannot be overemphasised. The training farmers receive will enable
them make better decisions to reduce the impacts of persistent variation in climate. Regression
analysis results presented in Table 5.45 which shows the p-value (0.000) indicate that the
training farmers receive on how to cope with climate variation and change has a positive and
significant relationship (p<0.05) with their readiness to adopt climate change adaptation
strategies. The model summary presented in Table 5.46 shows the R?>= 0.871 which indicates
that training on how to cope with climate variation and change is a good predictor of farmers

adopting climate change adaptation strategies.

Table 5.45: Regression analysis of the influence of training on how to cope with climate

variation and change.

Independent Coefficient | Standard deviation t-ratio Significance
variable error

1 (constant) 1.275 0.059 21.552 0.000
Adopting climate

change adaptation 0.191 0.014 13.936 0.000
strategies

(a) Dependent variable: training on how to cope with climate variation and change
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Table 5.46: Model summary of the influence of training .

Model R R- Adjusted R- Std error of Durbin-
square square estimates Watson
1 0.789 | 0.622 0.619 0.308 2.112

(a) Dependent variable: training on how to cope with climate variation and change

(b) Predictor (constant): Adopting climate change adaptation strategies

5.8.3 Influence of years in farming

Farmers’ years in farming increases their likelihood to adopt climate change strategies. This is
because they must have gained a lot of experience from application of previous strategies
overtime, with practice. Additionally, due to past experiences, farmers with extensive
agricultural expertise are more likely to notice changes in climatic conditions and make better
decisions regarding how to react to these changes. Hence, analysing if farming experience has
a significant influence of farmers’ awareness of impacts of climate change and variation in the
study area is important. Results presented in Table 5.47 to determine the influence of farmers’
years in farming on their awareness of impacts of variations in rainfall and temperature shows
a p-value of 0.000 which is less than 0.05 indicating a positive and significant relationship
between years engaged in farming and being aware of the impacts of variation in rainfall and
temperature. Additionally, Table 5.48 shows a measure of the regression model with the R*=
0.545 which indicates that years of farming experience is a good predictor of farmers being

aware of the impacts of variations in rainfall and temperature.

Table 5.47: Regression analysis of the influence of years engaged in farming on awareness

of impacts of variations in rainfall and temperature.

Independent Coefficient | Standard deviation t-ratio Significance
variable error
1 (constant) 5.000 0.149 33.580 0.000
Awareness of the
impacts of variations 2.288 0.191 11.983 0.000

in rainfall and

temperature

(a) Dependent variable: years engaged in farming
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Table 5.48: Model summary of the influence of years engaged in farming on awareness

of impacts of variations in rainfall and temperature.

Model R R- Adjusted R- Std error of Durbin-
square square estimates Watson
1 0.741 0.549 0.545 1.021 2.075

(a) Dependent variable: years engaged in farming
(b) Predictor (constant): awareness of the impacts of variations in rainfall and

temperature.

5.8.4 Influence of household heads’ educational level

One social aspect that influences the adaptation strategies farmers use is the educational level
of household heads. In rural northern Nigeria, decisions about the use and management of
farms fall under the purview of household heads. Farming household heads who have
completed many years of formal education are seen to be better at gathering information and
more equipped to interpret and utilise it (Yila and Resurreccion, 2013). Because education
improves the farmer's analytical skills and equips them with the knowledge necessary to
comprehend how to apply climate adaptation strategies, they are also more successful than
illiterate or poorly educated farmers in gaining access to and receiving assistance from
organisations that provide climate change adaptation measures. Thus, analysing the influence
of farmers” educational level on how they choose adaptation strategies against climate change
is important. Table 5.49 present results on the influence of educational level of household heads
on how they choose adaptation strategies. Analysis reveals that household heads' educational
levels significantly influence (p-value of 0.000) the adaptation strategies adopted by farmers to
enhance their farming activities such as diversification of household income sources by
engaging in non-farming activities, planting disease and drought resistant varieties of seeds
(p<0.05). However, education level did not seem to have a major influence on adaptation
techniques such altering cropping patterns and planting times, substituting crops, using
irrigation farming, and increasing the use of farm inputs like fertilisers, pesticides, and manure
(p>0.05). Additionally, the R?=0.795 predicts that farmers are more likely to choose climate
change adaptation techniques if they are more educated (Table 5.50).
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Table 5.49: Regression analysis of the influence of farmers’ educational level on adoption

of climate change adaptation strategies.

Independent Coefficient | Standard deviation t-ratio Significance
variable error

1 (constant) 0.995 0.105 9.482 0.000
Adopting climate

change adaptation 0.519 0.024 21.372 0.000
measures

(a) Dependent variable: educational level of farmers

Table 5.50: Model summary of farmers’ educational level on adoption of climate change

adaptation strategies.

Model R R- Adjusted R- Std error of Durbin-
square square estimates Watson
1 0.891 | 0.795 0.793 0.547 2.167

(a) Dependent variable: educational level of farmers

(b) Predictor (constant): adopting climate change adaptation strategies

5.8.5 Influence of farming household income

Income level of farming households is a determinant of farmers’ ability to have access to
agricultural inputs. Farmers with high income are capable of purchasing irrigation facilities,
hire farm labour and mechanized farming equipment and also adopt numerous measures to help
them reduce the effects of climate variability than farmers with low income. Hence it is
imperative to analyse the influence farmers’ income have on the type of farming inputs they
are able to acquire for their farming activities. Results in Table 5.51 shows p-values of the
influence of farming household income on farmers’ access to irrigation facilities, mechanized
farming equipment and hiring farm labour as 0.000, 0.000 and 0.020 respectively. These values
are less than 0.05, which indicates that income of farming households have a significant
influence on the variables mentioned above. However, the p-value of “engaging in irrigation
farming” is 0.587 which is greater than 0.05, suggesting no significant relationship with income
of farmers. Consequently, the R?=0.738 (Table 5.52), which indicates that income of farming
households is a good predictor of whether or not farmers will be able to own or hire irrigation
facilities, be able to hire mechanized agricultural equipment for their farm activities and also

employ farm labour.
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Table 5.51: Regression analysis of the influence of income on access to household assets.

Independent variable Coefficient | Standard deviation t-ratio | Significance
error

1 (constant) 5.000 0.146 34.163 0.000

Engaging in irrigation

farming -0.250 0.459 -0.545 0.587

Access to irrigation -1.833 0.310 -5.913 0.000

facilities

Access to mechanized 4.396 0.407 2.000 0.000

farming equipment -0.750 0.394 -2.903 0.020

Hiring farm labour

(a) Dependent variable: Income of farmers

Table 5.52: Model summary on the influence of income on access to household assets.

Model R R- Adjusted R- Std error of Durbin-
square square estimates Watson
1 0.859 | 0.738 0.729 0.732 2.130

(a) Dependent variable: income of farmers
(b) Predictor (constant): engaging in irrigation farming, access to irrigation facilities,

access to mechanized farming equipment and hiring farm labour.
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Chapter Six: Discussion

6.1 Introduction

This chapter discusses the significance of analyzed results presented in Chapter Five. The
results indicate that farmers in the study area perceive that their farming activities are
vulnerable to the impacts of climate variability and change. This has resulted in farming
households adapting to these changes by utilizing household livelihood assets at their disposal.
The discussion is also supported with relevant literature relating to the aim and objectives
mentioned in Chapter One. The aim of this research is to assess livelihood vulnerability and
adaptation of smallholder farming households to climate variability in Plateau State. It also
seeks to understand how farmers’ livelihood assets influence their choice of adaptation
strategies they adopt to reduce vulnerability to impacts of climate variability and to develop
resilience. Farming households’ vulnerability to climate variability is assessed by determining
how they perceive climate change in their communities, the risks they are exposed to and their
sensitivity to such risks. The study also assesses farming households’ adaptive capacity by
evaluating the assets they rely upon to adapt to climate variability and the adaptation strategies
their assets permit them to choose to enhance resilience. The different adaptation strategies
farmers engage in is also assessed. The role of stakeholders in assisting farmers adjust to the
effects of climate variability is also evaluated.

6.2 Assessing farmers’ vulnerability to climate variability in the study area

Vulnerability of farming households is discussed using concepts of the exposure, sensitivity
and adaptive capacity of farmers to climate variability and change. Vulnerability is viewed in
this context as a function of the level to which farming households (systems) are exposed to
climate perturbations, the sensitivity of crop production to variation in climate and their
adaptive capacities to cope with the impacts of climate change (IPCC, 2014). The IPCC Sixth
Assessment Report (2021) underscores the relevance of understanding vulnerability within the
broader context of climate change, taking into account both long and short-term fluctuations in
climate. It emphasizes that assessing vulnerability to climate variability should involve
examining how a system or population responds to and is affected by fluctuations in climate
conditions, such as changes in temperature, rainfall, or the frequency and severity of extreme
weather (IPCC, 2021).
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Adaptation to changes in climate is a two-step process that requires farmers to first perceive a
change in climate, and then act through a variety of measures to adapt to it (Deressa et al.,
2009). There is increasing use of farmers’ perception of climate variability and change in
climate vulnerability and adaptation studies (Mairura et al., 2021; Mavhura et al., 2022). This
is due to the fact that the kinds of adaptation techniques farmers utilise in response to climatic
challenges are based on their perceptions of previous occurrences and their predictions for the
future (Mairura et al., 2021). Studies have suggested that there is a likelihood that farmers will
adapt to variations in climate if they can perceive these changes (Miles et al., 2013; Bagagnan
etal., 2019).

Results indicate that the majority of farmers in the study communities are aware of changes
that are happening with climate. They claimed to have observed frequent changes in rainfall
patterns as well as temperature fluctuations which have adversely affected their farming
activities (Table 5.11). The changes in rainfall patterns include a decrease in rainfall
characterized by late start and early cessation of the rainy season, and the erratic nature of the
rainfall with frequent dry spells. Farmers, however, observed that there were periods within the
rainy season (between the months of July and August) when rainfall amounts are high.
Although the opinion of most farmers that rainfall trends are decreasing is not in line with
analyzed rainfall data which depicts an increase in average rainfall from 2011 to 2020 (Figure
5.12), other perceived rainfall patterns like the late beginning of the rainy season for the
farming periods, increased amounts of rainfall in July and August; and early stoppage of the
rains are in line with analyzed data. On the other hand, analyzed temperature data shows a
slight increase in average maximum temperatures for the 10-year period under review, which

agrees with farmers’ views on changes in temperature patterns.

6.3 Crop vulnerability to climate variability

The exposure of farming households to climate variability in the study area is expressed in the
effects that changing patterns of rainfall have on their farming activities. Farmers explained
that the period when they are most affected by climate variability is at the beginning of the
farming season when the onset of rainfall is delayed which consequently affects when they
plant their crops (Table 5.13). Although some farmers plant their crops in anticipation of the
rains, they stand the risk of losing their seeds and seedlings to insects and animal pests if the

rains do not start as expected. Hence, farmers often wait for the rains to commence and become
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constant before planting their crops. This delay also means an adjustment in harvesting dates
and when crops for the minor (second rains) farming season are planted. This concurs with the
findings of Fosu-Mensah et al. (2019) which found that delays in the start of the rainy season
as a result of variability in climate conditions within the sub-humid zone of Ghana, results in a
change in the planting period hence resulting in harvest operations entering the next farming
season and interfering with planting in the minor season. The minor farming season is typically
shorter in duration (lasting for a few weeks to a couple of months) and characterized by less
rainfall compared to the major season. It usually involves the planting of short-duration crops,
for instance some high-value crops such as potatoes and vegetables. This increases overall

resilience to climate change and help farmers diversify their sources of income.

Farmers also experience prolonged periods of dry spells lasting several days within the rainy
season. This cessation of rainfall is accompanied by increased temperatures that results in the
wilting and destruction of sprouting crops (Barron et al., 2013, Bako et al., 2020) like maize,
peppers and beans. The resultant decrease in soil moisture also enables the emergence of
rootworms (Buphonella sp) which attack the roots of maize crops and destroys them leading to
losses and decrease in yields (Table 5.14). This result concurs with the research Mutekwa
(2009) conducted in Zimbabwe, which found that during the rainy season, prolonged dry-spells
stress crops through wilting and may promote the occurrence of insect pests, such as army
worms which destroy growing crops leading to poor yields.

The combined effects of late onset of rainfall and persistent mid-season dry spells may lead to
a decrease in soil moisture content required for plant growth. Farmers observe that inadequate
rainfall at critical periods of the growth and development of their crops is a major problem
affecting farming activities in their communities (see Section 5.3.2.2, Table 5.13). Crops
mostly affected by inadequate soil water at the early stages of their growth are maize, beans
and acha (fonio). There are also others that require a constant amount of soil moisture
throughout the growing season for their growth, such as tuber and root crops which include
potato, cocoyam, sugarcane and sweet potato. This has led to a reduction in the cultivation of
some of these crops with farmers in Mushere, for instance, choosing to intensify the cultivation
of alternatives like acha (fonio) that can withstand extended periods of low soil moisture while
those in Mbar community using more of their plots for growing maize rather than potatoes (see
Section 5.6.2.4).
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Although it is at the beginning of the rainy season that climate variability has the most adverse
effects on farming activities, high rainfall amounts in July and August in the study region is a
problem that affect crops that were planted late as a result of delayed onset of rainfall. This
period of excessive rainfall is accompanied by low temperatures and high humidity which
increases the susceptibility of crops to diseases such as late blight in potatoes and tomatoes (see
Section 5.3.2.4). The change in rainfall pattern is highlighted towards the end of the growing
season when there is inadequate water as a result of early stoppage of rain which hinders the
complete growth and maturity of crops. Farmers who delayed planting to coincide with when
the rainfall became constant are at risk of crop loss and poor yields due to water shortage late

in the season (see Section 5.3.2.4).

6.4 Linking farming households’ capital assets to vulnerability and adaptation to climate
variability

Indicators that reveal household livelihood vulnerability were found using the framework
developed by Scoones (1998). This involved an evaluation of livelihood capitals including
human, natural, social, financial and physical capital assets based on the sustainable livelihood
approach (SLA), which allowed various adaptive capacities to be identified. These can be
employed to lessen the vulnerability of farming households to declining crop yields caused by
erratic rainfall and temperature patterns, as well as how such a decrease in crop production is

affecting livelihoods (Zievogel and Calder, 2003).

The major indicators from the household questionnaire survey were cross-checked and grouped
into the various capitals assets (Moser, 1998; Scoones, 1998; DfID, 1999; Rakodi, 1999; Elasha
et al., 2005; Hesselberg and Yaro, 2006; Reale and Handmer, 2011) (Table 5.37). The capacity
of the households to adapt to climate variability and improving their resilience, was then

assessed by characterising their livelihood assets in reference to that ability.

6.4.1 Relating human capital assets to adaptive capacity

Two indicators are used to evaluate the human capital assets in the research area: the head of
household’ educational attainment and the household size in each farming household
(household size) (Table 5.37). The results show that the majority of farming households
surveyed are characterised by educated heads with more than 62.4% attaining tertiary to

secondary level of education. The ability of households to acquire climate information may
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grow with increased literacy, which may therefore improve the household's ability to adapt to
the negative effects of climate change and variability (Leichenko and O’Brien, 2002; Wicbe et
al., 2019; Ojo et al., 2021). The readiness of farmers to adopt new farming innovations and
technology, which are necessary for enhanced farm productivity to deal with the current
climate variability, tends to rise with education. By doing this, households can increase their

ability to adapt to changing climate in the future and reduce vulnerability.

From the results, female headed households recorded low educational attainment with none of
the nine respondents having a tertiary level education (Table 5.2). According to Sadia et al.
(2016), women in rural sub-Saharan Africa have lower educational attainment than their male
counterparts because traditional beliefs hold that women's education will only benefit the
family they marry into and not their immediate family, which is why there is reluctance to
educate them. This draws attention to the societal barriers that makes it difficult for women to
effectively adapt to climate change and variability. However, in most cases, a household's
ability to improve its capability for adapting to both on-farm and off-farm economic activities
may be constrained by low education standards (Paavola, 2008).

The results show that the mean household size of sampled households were 3.8 male and 3.5
female indicating the presence of potential family labour force within the farming households
(see Section 5.2.3). Studies have shown that the number of persons per farming households
may have an influence on the potential labour force (family labour force) inherent in such
households because agricultural production is typically labour intensive in smallholder rural
households (Yila and Resurreccion, 2013; Oyetunde-Usman et al., 2021). This presumption is
agrees with research by Oluyole et al. (2013) who examined the farm labour structure and
factors influencing it among cocoa farmers in Nigeria. Their findings showed that large
households had a strong tendency to provide more family labour for various farm tasks.
However, household gender and age composition show a high dependency ratio with a high
number of family members (both male and female) below the age of 18; and a higher number
of women compared to men, who undertake less rigorous farm activities like weeding,
harvesting of particular crops like maize and application of manure that require less skill (Table
5.4). This explains why a large percentage of farming households interviewed said they hire
farm labour for the majority of their farming activities, such as tilling the soil and planting
specific crops that require experienced labourers (Figure 5.11, Table 5.34). It also suggests that

the assumption of potential household labour based on household size is over-estimated.
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Oluyole (2013) further clarified this assumption when he analysed the potential labour based
on household size of cocoa famers. Although the households have an average of nine persons
per household, indicative of potential farm labour, his results revealed that majority of farm
work is done by hired labourers. It also revealed that tedious farm operations such as clearing,
planting of seedlings and application of chemicals were mostly undertaken by men, while less
strenuous operations like harvesting were undertaken by women. His result also revealed that
in all the farm operations, adults were typically used to carry them out, while children (below
18 years) were not involved in all farm operations. Other factors may also influence gender
roles and responsibilities. In many farming households, gender influences labour allocation
with women often having additional responsibilities related to household chores, childcare, and
other non-agricultural tasks. Consequently, the assumption that all household members
contribute equally to farming activities may not reflect the reality of labour division within the
household (Agarwal, 2003; Akinola, 2018). Another factor may be that farming activities are
often seasonal with peak labour demands during specific periods such as the planting or
harvesting seasons. The assumption of potential household labour does not consider the
availability of labour during these specific periods (Oluyole, 2013). Some household members
may have other commitments or responsibilities during these peak seasons, limiting their
availability for farm work. It is however, essential to recognise the complex nature of labour
dynamics within farming households and consider some of these factors when estimating the
available labour for agricultural activities. From the foregoing, the availability of household
labour allows for increased flexibility during critical periods such as planting and harvesting
seasons. Farmers can mobilize family members to cope with the increased workload or respond
promptly to weather-related events. This flexibility is crucial for adapting to unpredictable

climate conditions.

6.4.2 Influence of natural capital assets on adaptation strategies

The natural assets of households were evaluated using three indicators. The first factor was the
area of land currently being cultivated, which farmers were asked to estimate in hectares. The
system of land tenure the households operate was the second factor to consider, and it was
categorised into land acquired through inheritance, land purchased and rented land. The third
indicator was the variety of crops grown by farming households for different purposes (Table
5.37). According to the theory, agricultural households have a greater chance of growing more
crops and producing higher yields when their farm holding is larger, which reduces their

exposure to climate fluctuation (Pandey et al., 2018). The findings from this study are in line
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with the aforementioned assumption because 90% of respondents cultivate between 1.5 to more
than 3 hectares of land which may be attributed to the majority of farming households gaining
access to land through inheritance (Tables 5.15, 5.16). Typical with the traditions of all the
study communities, the majority of households possess land that had been passed down their
families and had been in the family for a considerable amount of time. With such expansive
farm holdings, farmers tend to grow a variety of crops with potatoes and maize as major
products grown more for commercial purposes than subsistence and on a larger scale than other
crops including beans, peppers, tomatoes and other vegetables (Table 5.18). As a result of this,
farmers are able to practice crop diversification as an adaptation strategy against climate
variability by cultivating a variety of crops (see Section 5.6.2.4). This helps to spread the risk
associated with pest infestations and disease outbreaks caused by climate variability. This
finding agrees with Enete et al. (2015) who highlighted the influence of land tenure security
on the choice of climate change adaptation strategies among food crop farmers in south-west
Nigeria. They found out that farmers with bigger farm holdings cultivate diverse crop types on
numerous plots of land. This is because crops have varying degrees of resilience to the impacts
of climate variability which will enable farmer reduce their losses when these impacts occur.
Large farm holdings also enable farming households to adopt climate change adaptation
measures such as soil conservation and management practices which includes crop rotation and
land fallowing which helps replenish soil organic matter, retain moisture and disrupting pest
life cycles through removal of their hosts (see Section 5.6.2.4). This concurs with the study of
Ayamga et al. (2016) in Ghana, where they reported that farm size and tenure security had a
positive relationship with farmers’ adoption of long-term farm investment strategies to combat
impacts of climate variability. They found out that farmers who were cultivating on their
household lands and lands acquired through inheritance were more likely to employ long-term
effective and efficient strategies to enhance the productivity of their farmlands and improve
crop yields. Similarly, Bambio and Agha (2018) in Burkina Faso revealed that farmers who
had secure access to land were more likely to invest in the adoption of adaptive responses
including agro-forestry, fertilizer and manure application, crop rotation and land fallowing.
Furthermore, Akugre et al. (2022) showed that farmers in semi-arid Ghana who own land are
more likely to expand the scale of their production which may guarantee them more output

compared with those with smaller land size.

Households operating the inherited land tenure system seem not to be strict with local customs

and traditions that create barriers to gaining access to land (see Section 5.5.1). Although there
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are some restrictions based in traditional norms that women do not inherit land, traditional
leaders in the study communities admitted that women are currently being considered when
land is shared in the family, which they emphasized was at the discretion of parents (see Section
5.5.1). This assertion was corroborated by women during the group discussions when they
stated that although they cannot own land outright, they do not encounter much difficulty in
getting land for farming purposes from either their immediate families or when they got
married (see Section 5.5.1). This is consistent with previous research where, under the system
of customary land tenure, women may only access and use land through men in their families
(Farnworth et al., 2013). Customary land tenure system is a system relating to family and
inheritance system based on the concept of group ownership of absolute rights of land
(Madueke, 2014). These rights establish the basis for access to land resources and the
opportunity to use land for productive purposes. Under customary rules of tenure, it was
observed that each individual member of a land-holding family was entitled to a portion of land
sufficient to feed both himself and his family; no member of the community could dispose
another of his stake in family land; and no one could alienate family members’ interest in family
land without the knowledge and consent of those members; the right of land might be perpetual,
for certain periods (for instance, farming), or for the lifetime of the holder (Madueke, 2014).
Under customary law land tenure, land was considered community property. An individual has
usufructuary rights to the land he farmed in his lineage or community area (Olagbegi-Oloba,
2013; Madueke, 2014). An individual can possess the land as long as he used it to their family’s
or society’s benefit and could pass the land onto heirs and pledge its use to satisfy a debt, but
could not sell or mortgage it; the right of disposal belonging only to the community which
acting through its traditional head, exercised this right in accordance with customary law
(Madueke, 2014). This is reflective of the norms and customs in the study area where land is
family owned and portions are passed down as inheritance to family members to use for
farming purposes (see Section 5.5.1). Although the custom restricts farmers from the sale of
such land, they however, use the land as collateral for a credit from individuals for a period of
time, after which the land is returned to the owner when the credit is repaid (see Section 5.5.8).
The marginalization of and discriminatory attitude towards women under Nigerian customary
laws are especially manifest in the area of property inheritance. In some parts of the country,
women are totally denied the right to inherit or administer such, and when they do have these
rights, it depends on whether they claim as wife or as a daughter (Olagbegi-Oloba, 2013;
Ezeilo, 2020). Women generally have no rights and privileges of free access to land as

compared to their male counterparts in the rural areas, whether she is a wife or a daughter, and
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or whether she can afford to buy it or not. This is because land is communally owned within
the rural areas of Nigeria, and strictly guided and retained within the communal family in order
to maintain the family’s patriarchal line (Olagbegi-Oloba, 2013). This agrees with the findings
of this study regarding the right of women to own land, although they can have unhindered
access to land as wives. The customs and tradition in the study area does not give women the
right to inherit land, though reforms are being made for women to be considered when land is

being shared among family members with the consent of the father (see Section 5.5.1).

Results from the household survey revealed that despite the large plots of land cultivated by
most farming households, a high number of these households are involved in income
diversification strategies which include small-scale trading of goods, engaging in the
transportation of goods and persons, working as carpenters, masons and miners (Table 5.10).
This is contrary to previous studies (Antwi-Agwei et al., 2012; Jin et al., 2015; Pandey et al.,
2017) that suggested that household with large farmlands may be more dependent on
agriculture than those with smaller holdings and hence have a tendency not to engage in
strategies to diversify their income because of expectant high yields and income from their
harvested crops. Farmers in the study area explained that they diversify their income sources
to enable them bridge the income gap created by seasonal crop losses due to crop disease caused
by climate variability. With the frequent occurrence of the potato blight disease (raba) which
affects their main cash crop (potato) (see Section 5.4.1), farmers claim that they frequently
operate at a loss and have to engage in other income-generating ventures to be able to purchase
farm inputs such as the highly effective yet expensive fungicides that are used to control crop
diseases in preparation for the next farming period (see Section 5.6.2.6). Therefore, climate
variability has compelled farmers to find ways of diversifying their household income by
engaging in non-farm activities, so they can enhance their ability to adapt to the frequent

changes in weather patterns.

6.4.3 The role of financial capital assets in building adaptive capacity

Financial capital assets in the study communities were assessed using indicators such as income
of households, opportunities to secure credits and loans, and ownership of livestock (Kuang et
al., 2019) (Table 5.37). Farmers’ income and savings from the sale of agricultural produce as
well as the number of income channels available to the household can enhance financial capital
and consequently influence farmers’ choice of adaptation measures to climate change. Farming

households in the study communities earn an average yearly income of 456,666 naira (1,109.76
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USD) from the sale of their farm produce (see Section 5.2.7, Table 5.8). Results also indicate
that although farming constitutes a major source of income for 91% of farming households
surveyed, a high number of farmers earn an average additional yearly income of 313,768 naira
(762.50 USD) from other sources including small-scale trading or business, working as drivers
and other artisanal ventures (see Section 5.2.8, Table 5.10). This suggests that farmers earnings
effectively keep their households below the poverty line (1.90 USD/day) (National Bureau of
Statistics, 2022) with average size of sampled households at 3.65 persons; and cannot meet
their household needs coupled with the purchase of farm inputs to sustain their livelihood

activities.

Access to credits and loans is considered as a major challenge for farmers in the study
communities with 85% of respondents indicating they do not have access to financial
institutions where they can secure loans (Table 5.30). The fact that there is only one micro-
finance bank located throughout the whole Local Government Area means that farmers have
few choices for acquiring credit or loans due to the strict requirements associated with
obtaining such cash. Some of the requirements involve farmers putting up their farms as
collateral for loans, repay them with high interest rates, and do so after just one farming season.
However, they are unwilling to comply with these requirements and would prefer to obtain
low-interest loans of small amounts through informal organizations like cooperative groups,
friends, and family members. This result is in line with those of Wichern et al. (2017), Kuang
et al. (2019) and He and Ahmed (2022), who found that few farmers chose to take out loans
from financial institutions because of their low creditworthiness, lack of loan collateral, and
cumbersome lending procedures. Additionally, when funds are scarce, they primarily borrow
money from relatives and friends (He and Ahmed, 2022).

Although farmers are wary of using their farms as collateral for loans from formal financial
institutions, they generally feel at ease dealing with other farmers from whom they collect
credit. Farmers may possess vast portions of land which they are unable to cultivate and choose
to offer a few of them as jingina (collateral) for a predetermined sum of money and time (see
Section 5.5.8). For the predetermined amount of time that the land is under their possession
and until the loan is repaid, the people who grant these loans may choose to farm it or rent it
out. This strategy helps farmers who rent out portions of their farms to use the funds to intensify
production on their other plots by purchasing agro-chemicals and improved varieties of seeds

to boost crop yield thereby enhancing their resilience against climate change impacts.
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Despite the fact that informal financial institutions play a major role in supporting farmers
combat climate change and variability by offering certain advantages such as flexibility in
repayment of loans, familiarity with the local context, and assisting in social capital, there are
several disadvantages associated with farmers’ reliance on such institutions. One is that
informal financial institutions often have limited capital and resources compared to formal
financial institutions (Brehanu and Fufa, 2008). This can restrict their ability to provide
sufficient financial support to farmers. Climate change adaptation and mitigation measures
often require substantial investments, and informal institutions may struggle to provide the
necessary funds. The lack of expertise is another drawback for informal financial institutions
because they typically lack specialised knowledge and expertise in climate change and
mitigation strategies (Kumar et al., 2017). Farmers may not receive adequate guidance or
support in implementing sustainable practice or assessing appropriate technologies. This
knowledge gap can hinder effective climate change responses. Another disadvantage in relying
on informal financial institutions is the inconsistency in access to credit (Brehanu and Fufa,
2008; Kumar et al., 2017). Informal financial institutions often operate on a small scale and
may not have a reliable and consistent credit disbursement system. This can lead to
unpredictable access to credit for farmers, making it difficult for them to plan and implement
long-term climate change adaptation strategies. Formal financial institutions usually offer risk
management tools such as insurance products to protect farmers against climate-related losses
(Kumar et al., 2017). In contrast, informal financial institutions may lack such mechanisms,
leaving farmers vulnerable to climate risks. The absence of insurance or safety nets can
undermine their ability to recover from climate-related risks. In areas where farmers have
limited access to alternative financial services, they are prone to being exploited or charged
high interest rates by informal financial institutions (Yami and van Asten, 2018). Farmers may
become trapped in cycles of debt which can hinder their ability to invest in climate change
adaptation measures or respond to agricultural challenges effectively (Rasheed et al., 2016).
Informal financial institutions also often operate outside formal regulatory frameworks, which
can undermine transparency, accountability, and the protection of farmers (Yami and van
Asten, 2018). This lack of oversight increases the risk of fraud or misconduct, particularly
harming farmers who rely on these institutions. It is however, important to note that while
informal financial institutions have limitations, they seem to be the only viable means for rural

farmers’ access to financial capital (see Section 5.5.8), hence the need to prioritise how to
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address these limitations and enhance their capacity to ensure effective support for farmers in

reducing the impacts of climate variability and change.

Livestock are considered as disposable capital reserves that can be used to release needed funds
to solve pressing household needs (see Section 5.5.5) especially in times of crop failure or
losses due to erratic rainfall patterns and diseases (Liu et al., 2018). The majority of farmers in
the study area keep a range of livestock (Table 5.26) that they can sell to the markets when
they need money to cater for household needs or to buy fertilizers, fungicides, pesticides, and
other essential farm inputs (see Section 5.5.5). The majority of these animals scavenge for food
during the non-farming season, but some, like goats and sheep, are restrained when crops have
been planted. These animals are not kept in large numbers, and farmers raise them alongside
their farming activities. Pigs, goats, sheep, and native breeds of chickens are common among
farming households and are sold in local markets when customers travel from major towns like
Jos and Bukuru to buy in bulk (see Section 5.5.5; Figure 5.6). Livestock rearing diversifies the
income sources for smallholder farmers. This diversification helps mitigate the risks associated
with climate variability, such as crop failure or market fluctuations. If one source of income is
affected by adverse climate conditions, income from livestock can serve as a buffer, ensuring
a more resilient livelihood (Phiri et al., 2020). The additional income from the sale of livestock
can be used to invest in climate-resilient crops, purchase agro-chemicals and adopt sustainable
farming practices (Aniah et al., 2016). This enables smallholder farmers to build their adaptive
capacity and implement measures that reduce the impacts of climate change and variability or
to meet immediate financial needs (Phiri et al., 2020). This flexibility provides farmers with a

buffer or safety net which helps them manage the negative effects of climate variability.

6.4.4 Social capital and institutional intervention against climate change and variability

Farmers social capital assets in the study communities were assessed using indices that
comprise access to institutional support which include access to training on climate change,
weather and climate information, and agricultural extension services from government and
non-governmental agencies; membership of social networks such as cooperatives, associations
and affiliations that are both formal and informal including community-based associations,
agricultural associations and religious associations (Scoones, 1998; Baffoe and Matsuda, 2018)
(Table 5.37). This assessment revealed that social networks, farmer groups and community
associations in the study area provide platforms for farmers to share information, experience

and knowledge related to climate variability and adaptation strategies (see Section 5.5.14). The
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types of information that are commonly shared among farmers in the study area includes where
to purchase new varieties of seeds and seedlings, types of effective fertilizers and chemicals
that are affordable and markets they can sell their farm produce at a higher price (Table 5.36).
All of these make it possible for farmers to exchange knowledge and implement best practises,
and stay informed about new methods to adapt to climate variability. The social networks also
help farmers access financial services such as credits, better markets for the farm produce,
extension services from NGOs and climate information as well as share labour by organising
group farm activities to cut cost (see Section 5.5.14). Farmers also benefit from discounts on
farm inputs such as fertilizers and agro-chemicals which are negotiated by their associations

thereby increasing their resilience to climate variability (see Section 5.5.11).

A high proportion (85.8%) of sampled households had no form of training or information on
how to deal with changing climate patterns affecting their farming activities from either
government agencies or non-governmental institutions (Table 5.19). Nevertheless, during the
focus group discussions, some farmers acknowledged that they had gone to agricultural
workshops and farm demonstrations where certain strategies for coping with the effects of
changing climatic patterns that lead to the appearance of particular crop pests and diseases (see
Section 5.5.3). In the study communities, agricultural extension agents, whom farmers claim
have not visited in many years, were the typical source of agricultural information. NGOs like
GlZ and Fadama 111, which hold workshops and seminars for a chosen group of farmers and
subsequently train additional farmers in their communities, are now an important source of
information and support for farmers (see Section 5.5.14). Although farmers assert that these
programs are not regularly organized, they have gained knowledge on measures to adopt in
reducing the adverse impacts of climate variability on their crops which has helped in lowering
their vulnerability. This relates with the study in South Africa by Ogundeji (2022) who found
that access to training on the impacts of climate variability by smallholder farmers improves

their propensity to adopt climate change adaption strategies.

The majority of farmers interviewed (78.3%) do not belong to any formal cooperative group
or farmers’ association. Some farmers stated they had earlier belonged to such groups but
owing to organizational issues like paying dues and receiving no benefits and the lack of
transparency in the dealings of the association, they felt compelled to leave (see Section
5.5.11). The few farmers who claimed to belong to cooperative groups receive assistance in

the form of low interest loans that they use to buy essential agriculture inputs and fertilizers at
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discounted prices. Other advantages of belonging to cooperative groups in the study area
include helping registered farmers transport and sell their produce at higher prices to markets
that are located far from their communities, access to large-amount loans, and quick access to
assistance from non-governmental organizations and governmental agencies due to the
cooperative's connections with these institutional establishments (see Section 5.5.11).
Although farmers in the study communities are hesitant to join a formal farmers’ group or
cooperative organization, they tend to form informal groups (see Section 5.5.11). These groups
are primarily made up of friends and relatives who invest a set amount of money as savings
from which they can loan out smaller sums as credit for small purchases of household items,
inexpensive farm inputs or to engage in a small trading business. Another method involves
members of a group lending out part of their savings to one another without charging any
interests. Such groups were common among women in the study communities where they
claimed that such funds help in enhancing their small-scale businesses (see Section 5.5.11),
such as purchasing grains like maize, beans, and sorghum during the harvest season and selling
at a small profit during off-farming seasons when the prices have increased (see Section
5.6.2.6). This is consistent with research (Basu, 2017; Datta and Behara, 2022) showing that
self-help group members have easy access to loans that they can use to establish small
businesses, develop wealth, and improve livelihood assets in order to mitigate the effects of
climate change. The sharing of agricultural information among farmers in the study area is a
practical method of exchanging knowledge on improved farming practices. The impacts of
such encounters is largely positive, with a high percentage of farmers stating that this strategy
was more reliable and relied primarily on favourable feedbacks from their fellow farmers (see
Section 5.5.14).

6.4.5 Access to physical capital assets and adaptation

Physical capital assets refer to the means of production and living that farming households need
to maintain their livelihoods (Huang et al., 2021). It also includes resources such as
infrastructure (Elasha et al. 2005) and agricultural manpower and equipment (Antwi-Agwei,
et al., 2014; Liu et al., 2018; Pour et al., 2018) that may enhance the adaptive capacity of
farming households. Infrastructure assessed include farmers' access to storage facilities for
farm products, availability of markets for their farm produce, while agricultural manpower and
equipment includes type of farm labour farmers employ, access to mechanized agricultural

equipment, and access to irrigation equipment (Antwi-Agwei et al., 2014; Aniah et al., 2016).
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All these were separately assessed then categorised under household physical capital assets in

the study communities (Table 5.37).

The presence of storage facilities for agricultural products improves farming households'
capacity to store harvested crops for later use or sell surplus to markets when the need for cash
arises. A wide range of crops are grown by farmers, including perishable products like potatoes,
tomatoes, peppers, cabbage, chillies, and many other vegetables that may need to be kept fresh
before being transported to markets and may require storage in cold rooms. Some farmers use
specially built, airy rooms (see Figure 5.7) to preserve their perishable farm products for a few
days before taking it to markets, because they are unable to have access these cold room storage
facilities. Farmers are consequently compelled to sell their products at prices over which they
have no control or risk crop loss as a result of inadequate storage. This circumstance is
common, particularly during the rainy season when crops like potatoes, a major crop cultivated
in the research area, are harvested and the high air moisture content affects their storage,
increasing the risk of spoilage (see Section 5.5.6). Farmers harvest their crops at this time in
order to profit from the early rush to buy the product after they have been scarce to find in the
markets for months. However, after weeks of harvest, the markets are over-flooded with the
products resulting in a considerable drop in prices which compel farmers to want to store for a
while and wait for better market conditions (see Section 5.5.6). The combined effects of poor
storage which results in post-harvest crop loses and the urgency to sell their products, even at
low prices, reduces farmers’ income and financial stability. Farmers may therefore, struggle to
cope with climate-related impacts as they are likely to face financial difficulties, making it
harder for them to invest in climate-resilient practices or adapt their farming methods to climate
variability. Providing storage facilities by institutional agencies have been difficult in the study
area with establishments like the ASTC having only one facility which is not located in Bokkos
but several kilometres away. Farmers cannot access this facility and it is in deplorable condition

because of poor management ranging from lack of proper maintenance to irregular power

supply.

Farmers in the study communities do not have any issues with the storage of other agricultural
products, such as grains. Harvested grain crops including maize, beans, sorghum, acha (fonio),
millet and soya beans that can be preserved for extended periods are stored in barns and silos
(see Figure 5.7) for home consumption and future sale. Access to effective storage facilities

help protect harvested crops from spoilage, pests and diseases, reducing post-harvest losses
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(Makule et al., 2022). By minimizing losses, farmers can preserve a large portion of their
harvest, ensuring food security and income stability. This is particularly important during
periods of climate variability when extreme weather events or erratic rainfall patterns can
disrupt harvesting and storage processes. The availability of proper storage facilities can help
maintain quality and marketability of agricultural produce. By controlling temperature,
humidity, and ventilation, storage facilities help prevent the deterioration of crops and preserve
their nutritional value, flavour and appearance (Odeyemi and Ikegwuonu, 2021). This enhances
the market value of the produce and increase farmers’ access to higher-value markets. It also
enables farmers to store their produce until market conditions are favourable, reducing the
pressure to sell immediately after harvest when prices may be lower (see Section 5.5.6).
Additionally, proper storage facilities enable smallholder farmers to diversify their marketing
options. By storing their produce, farmers can access markets during periods when prices are
higher or when there is limited availability of certain crops in the market (Tibaingana et al.,
2018). This flexibility allows farmers to make strategic decisions on when and where to sell
their produce, optimising their income potential and reducing vulnerability to fluctuating
market conditions caused by climate variability. Another importance of farmers’ access to
effective storage facilities is that it provides them with the ability to store and manage their
harvested crops over longer periods (Kumar and Kalita, 2017). This helps spread their income
across different seasons, and reduces their dependence on a single harvest. In times of climate
variability, when there may be fluctuations in agricultural productivity or market conditions,
storage facilities allow farmers to buffer against income shocks and ensure a more consistent
cash flow throughout the year. Farmers can also store improved seeds, disease-resistant and
drought-tolerant varieties, and other inputs require for adopting climate-resilient farming
practices if they have access to good storage facilities (Delouche et al., 1973). This helps them
better adapt to climate variability by accessing appropriate inputs and technologies when

needed, leading to improved agricultural productivity and reduced vulnerability.

The accessibility of ready markets for farm produce is important in enhancing the ease with
which farming households can sell their produce. Most farmers claimed that there are markets
within and outside their communities where they sell their harvested produce directly to local
merchants or dealers and in some instances through middlemen who in turn transport the
produce to urban markets (Table 5.29). There are local markets in all four study communities
and most farmers sell their farm produce on market days when buyers will come from

neighbouring communities and urban centres like Jos to buy in bulk. Farmers have benefited
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from not having to pay for transportation to markets that are far from their homes by selling in
their neighbourhood markets. They contend that the decision to sell at local markets was made
because the high cost of transporting their goods could lower the amount they earn (see Section
5.4.3). The risk of a reduction in prices due to a high supply of products, which includes
transporting the products back home and the rotting of perishable commaodities, is another
reason farmers sell at the local markets. However, farmers that transport their products to
markets far from their communities sell at higher prices and make better profits. Some of these
markets are located in cities such as Enugu and Port Harcourt that are hundreds of kilometres
away from their communities (Table 5.28). Because they are not grown there, farm products
including potatoes, tomatoes, peppers, green beans, and chillies are frequently transported to

these cities where they are in high demand.

In the study area, there are two major markets where farmers take their goods to be sold, with
potatoes being the main attraction for buyers. Buyers from major Nigerian cities travel to the
Bokkos and Maikatako markets to purchase farm products, load them into trucks, and then
transport them to major cities like Lagos, Abuja, Port Harcourt, Maiduguri, and Kano (Figure
5.8a). Farmers’ access to mechanised agricultural equipment such as tractors for ploughing can
decrease physical labour, shorten labour hours and improve agricultural output, and thereby
enhance household income from farming (Sims and Kienzle, 2016; Datta and Behera, 2022).
Using machinery in agriculture helps farmers increase the productivity of their crops (Kuang
et al., 2019), and as a result support the adoption of adaptation measures. It does this by
allowing farmers accomplish tasks more quickly and on a larger scale, thereby optimising their
use of time and resources. This increased productivity can help farmers mitigate the impacts of
climate change and variability by maximising their agricultural output thereby increasing
earnings that will enable them purchase needed inputs. However, quite a few farmers in the
study area have access to mechanised agricultural equipment in form of tractors for ploughing,
with results showing that over 74% of farmers interviewed reported they do not hire tractors
for their farming activities (Table 5.31). The high cost of renting tractors, the lack of equipment
to satisfy demand, the undulating nature of their farm plots, and the unavailability of
technology that would make ridges ideal for the types of crops they cultivate are cited as
reasons for this low use of machines in farming (Table 5.32). These are consistent with the
variety of circumstances listed by Sims and Kienzle (2016) in their study on providing
agricultural mechanization to smallholder farmers in sub-Saharan Africa. They found that

stakeholders needed to pay closer attention to local demands, including smallholders' financial,
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social, and environmental circumstances, in order to improve and sustain access to farm

machinery.

Farmers who have access to mechanized agricultural equipment can rent it from commercial
vendors or the Bokkos-based ASTC. When working with private tractor owners, the cost to
plough a plot of land is negotiated, but the ASTC has set prices for each hectare of land. Despite
the fact that the ASTC offers a variety of tractor operations, farmers claim that they use tractors
for tillage when they have big farms to work on or new pieces of land to cultivate when manual
labour would be ineffective (see Section 5.5.10). Results also indicate that some farmers prefer
to patronise private hirers of agricultural machinery than the ASTC (Table 5.31). This may be
explained by factors such as the distance between some study communities and the ASTC, the
cost of hiring the tractors, and the shortage of tractor operators to meet the farmers’ demands
(see Section 5.5.10). Communities like Mushere and Daffo, which are further from the ASTC,
saw very low patronage, while Bokkos and Mbar, which are the closest to the centre, saw just
around half of the surveyed farming households use their services. The high cost of renting this
equipment from the ASTC is another concern. This is due to rising prices of fuel and machine
spare parts as well as, occasionally, the unavailability of these spare parts which results in the
build-up of damaged equipment (Figure 5.10). This is in line with results by Sims and Kienzle
(2016) which showed that insufficient stakeholder participation leads to poor mechanization
intervention siting, which is unlikely to produce sustainable solutions for farm operations,

maintenance, and the supply of machine replacement parts.

For communities that depend on rain-fed agriculture, irrigation facilities are essential because
they enable farmers to engage in dry-season farming. Farming households with access to
irrigation facilities are thought to be less vulnerable to the effects of changing rainfall patterns
(Shah et al., 2013; Antwi-Agwei et al., 2014). The majority of surveyed households engage in
dry season farming and own facilities that enable them participate in irrigation farming. The
resources that farmers have access to include irrigable land, motor-pumps, flexible hose and
metal surface or underground pipes (see Section 5.5.4). These are equipment they have
acquired without government subsidies or support (Lefore et al., 2019). Farmers who do not
own these facilities borrow from friends and relatives or hire them from private owners. Motor-
pumps and flexible hoses are facilities that are typically borrowed or hired. While many
agricultural households cultivate crops during the dry season, they often do so on an average

of a hectare to one and a half hectares of their entire landholding (Table 5.22). Farmers typically
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cultivate small plots of land for irrigation which may limit the scale of crop production but
allows for more intensive and efficient use of water resource and inputs such as fertilizers and
agro-chemicals. This could be explained by the fact that irrigation can require a lot of capital
investment and it is best suited for crops that can generate high profits such as potatoes,
tomatoes, peppers, and green peppers. This finding concurs with results of a study on farmer-
led irrigation farming in sub-Saharan Africa by Lefore et al. (2019). They indicated that farmer-
led irrigation schemes in SSA are typically carried out on small plots (less than 2 ha), with low
cost technology, consisting of water hoses, motorised water pumps and buckets; and farmers

produce high-value horticultural and staple crops.

Another reason for small plot cultivation for irrigation could be the difficulty in having access
to irrigable land which is close to a water source, as farmers in the study communities typically
use water from rivers, streams, earth dam and mining ponds to irrigate their crops (Figure 5.2)
because there are no water supply schemes specifically designed for irrigation purposes in any
of the study communities. However, some of these water sources, like rivers and streams, dry
up into the dry season, forcing farmers to either dig improvised dams with sandbags along the
stream channel to collect some water or utilize motor pumps to pull water from nearby shallow
wells dug along river banks (Figure 5.3). Farmers downstream are typically denied access to
enough water for irrigating their crops as a result of this ongoing upstream damming. Conflicts
over these shared natural resources are therefore common. This is agrees with studies from
Ghana (Balana et al., 2020), SSA and south Asia (Giordano and de Fraiture, 2014; Theis et al.,
2018), where small-scale irrigation farming is practised close to water sources like rivers,
streams, small water reservoirs, and inland valleys. In these regions, multiple users often use
inexpensive motorised water pumps, buckets and cans to draw water from the source, and
conflicts between water users upstream and downstream are common when there is a shortage
of water frequently caused by the constant usage as a result of poor scheduling of water

withdrawal by farmers.

Farmers in the study area prefer to grow a variety of high-value, market-oriented crops on
irrigated farms. The primary crop grown is the potato, though they occasionally use their plots
more effectively by producing various crops including cabbages, green beans, green peppers,
and other vegetables (Figure 5.5). These crops are sold at a premium because of their limited
availability in the markets. Farmers can control the prices of their produce during these times

since they can store them for extended periods without fear of spoilage. The proceeds from the
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sale of irrigated crops help farmers meet household needs and plan towards the next farming
season. They are able to purchase agricultural input such as fertilizers, manure (waste from
chickens or cows), pesticides, and other agrochemicals. After crops are harvested, it is a
common practice to save seeds and seedlings that have produced significant yields. Farmers
may also try to recover losses incurred after crop failure or poor yield due to disease infestation
and inadequate rainfall during the preceding rainfed farming season (see Section 5.6.2.5). All
these combines to enhance farmers’ adaptive capacity and help build resilience in the face of

persistent climate variability.

6.5 Understanding the vulnerability of farming households and communities using the
Livelihood Vulnerability Index (LVI)

According to the results for farming households’ vulnerability analysis, there was differential
vulnerability between the four study communities. Overall LVI score suggests that Mbar
community recorded the highest (0.346), then followed closely by Mushere community with a
score of 0.227. Daffo community had a relatively lower vulnerability with 0.456 and Bokkos
recorded the lowest vulnerability with 0.279 (see Table 5.42). The high vulnerability recorded
for three of the four communities (Mushere, Mbar and Daffo) is primarily as a result of higher
vulnerability in social, physical and financial capital assets. Within these capital assets are
major components including poor social networks, inadequate access to mechanised
agricultural equipment and lack of access to credits and loans from financial institutions which
contributed to the high LVI of households in the study area (Table 5.42). Farming households
with high social networks are considered less vulnerable to impacts of climate variability
because group members are provided with support and assistance in times of need (Alare et al.,
2022). Members are able to access credits and loans at low interest rates, purchase farm inputs
at discounted rates, and are able to receive information on new farming techniques and weather
forecasts. Poor access to agricultural machinery increases vulnerability because more plots of
land can be cultivated when machines are used, thereby increasing crop yields and income of
farmers (Sims and Kienzle, 2017). Among all four study communities, only Bokkos
community recorded the lowest vulnerability value (0.467) for this sub-component (Table
5.42). This may be attributed to households in this area being closer to the ASTC and where
there are numerous private owners of tractors for hire. Households without access to credits
and loans from formal financial institutions are considered more vulnerable to the effects of

climate variability. Access to adequate credit and loans can enable farmers ease shocks due to
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climate change and variability, improve crop production, establish other sources of income and
enhance other capital assets. Although poor access to credit from formal financial institutions
tend to increase household vulnerability because farmers are not offered the needed funds and
expertise from informal financial institutions, which is needed to guide them in implementing
sustainable adaptation measures; the ownership of livestock sub-component recorded low
vulnerability values for all the study communities. This is evident in the fact that a high
percentage (83.3%) of households own and raise livestock such as goats, sheep, chickens and
pigs to sell in the market. These are considered as disposable financial capital assets which
farmers can use to augment household income and cushion the effects of climate change and

variability.

The LVI also revealed other areas where farm households recorded high vulnerability (Table
5.42). These includes inadequate training about climate change impacts (human capital) and
percentage of households that depend solely on farming as their major source of income
(human capital). The lack of knowledge on how impacts of climate variability can be managed
have a tendency of increasing household vulnerability, because studies (Deressa et al. 2009;
Enete et al., 2015; Kuang et al., 2020) have shown that farmers that get information on weather
forecast, new farming methods and improved farm practices are likely to withstand these
impacts and continue their livelihood activities. This has brought to light the poor institutional
support in the study area and how farmers are more vulnerable to impacts of unfavourable
climate conditions when they have not been adequately trained. Farmers who depend entirely
on agriculture for their sustenance are likely to be more vulnerable to the effects of changes in
climate. Farmers who diversify their income sources are less vulnerable to adverse climate

impacts and are able to sustain their livelihoods (Asfaw et al., 2018).

6.6 Climate change adaptation strategies adopted by farmers in the study area

Farming households in the study area adopt a variety of strategies to adapt to the impacts of
changing climate and climate variability. The results indicate that there are measures adopted
to modify on-farm practices and others are numerous off-farm strategies used to diversify their
livelihood sources to enable them have access to or own a number of diverse capital assets in
order to build resilience against the negative effects of climate variability on their livelihoods
(Table 5.41). Farm-based adaptation strategies identified include changing cropping patterns

and time of planting, planting disease resistant and drought-tolerant crop varieties, intensifying
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the use of fertilizers and agro-chemicals, practicing crop substitution and rotation, and

practicing irrigation farming (Table 5.41).

Because of fluctuations in rainfall patterns, farmers in Bokkos community modify their
cropping practices and the time they plant their crops. In order to prevent their crops from being
susceptible diseases, which are common in the months when excessive rainfall is common,
farmers typically plant their crop at the beginning of the rainy season in March (see Section
5.6.2.1). Farmers must, however, wait until late April or early May when the rains are constant
to plant their crops because the delay in the onset of rainfall has become a typical occurrence.
Due to the shortened rainy season, this has an impact on the growth and maturity of the crops.
This result supports the findings of Asante et al. (2021), whose research in Ghana showed that
delayed rainfall onset impacts crops at any stage of the production process, from land
preparation to maturity of crops like maize, groundnuts, and rice. They observed that in
response, farmers adjust their time of planting because sometimes the rains start early and stops
before crops mature for harvesting, resulting in substantial losses in yield. Despite the fact that
this approach helps farmers prevent the loss of newly planted seeds and young plants at the
beginning of the cropping season, they also face a number of difficulties later in the year, such
as the risk that crops will be negatively impacted by high rainfall amounts in July and August,
an early end to the rainy season, and changes in their farming schedule that prevent them from
planting crops in the minor farming season (see Section 5.6.2.1). This, for instance, prevents
farmers in the study area from growing crops like potato for the second time in the rainy season,

causing them to miss the opportunity of increasing their income from the sale of the crop.

Farmers have been able to adjust to the detrimental effects that climate variability has had on
their crop yield by planting disease-resistant and drought-tolerant crop varieties. Major crops
including maize, potatoes, tomatoes, and beans that farmers in the study region cultivate are
impacted by disease prevalence and insect infestations during high rainfall and prolonged dry
intervals within the rainy season respectively. Crop losses and poor yields are common when
occurrences like these happen. Therefore, farmers are using better crop varieties that can
survive these anomalies to protect their crops and boost yields (see Section 5.6.2.2). The maize
variety farmers grow is drought tolerant, resistant to pests such as the rootworm, and high
yielding, whereas the usually preferred potato varieties are Marabel, Yellow, and Nicola, which
are resistant to early and late blight diseases. This finding supports that of Antwi-Agwei et al.

(2014) whose showed that farming households in Ghana reported planting early maturing and
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drought-tolerant varieties of sorghum and millet to avoid when drought sets in. They explained
that these crop varieties reduce the risks related with climate variability by maturing earlier.
Another strategy farmers in the study region have used to increase soil fertility and control the
spread of crop pests and diseases is the increased use of fertilizers, manure, and agrochemicals.
Farmers frequently experience potato late blight disease outbreaks; thus, they must be ready
for such occurrences. Farmers have expanded the application of chemicals at crucial stages of
plant growth, from foliage, flowering, and fruiting, to prevent damage to their crops. Beginning
when the crops start to generate leaves and before they begin to produce fruits, fungicides like
"Glory" are used to fight late blight (see Section 5.6.2.3). Pesticides are frequently used to
manage maize pests that harm the crop, particularly during dry spells within the rainy season.
Army ants and rootworms attack maize crop from the roots, killing them. When dry spells last
for an extended period of time, farmers may need to use insecticides like "Sharp Shooter" to
manage pests (see Section 5.6.2.3). In Ghana, Asare-Nuamah and Mandaza (2020) found a
similar outcome where farmers reported using agrochemicals as an adaptation strategy from
the planting stage until maturity to protect their crops from pests and disease as a result of

climate variability.

Farmers have increased their use of fertilizers and manure in their farming as a result of the
low crop yields observed in past farming seasons, which were brought on by the loss of soil
nutrients and crop diseases. To achieve the best results, farmers combine the usage of chemical
fertilizers, cow dung, and chicken manure (see Section 5.6.2.3). Some farmers acknowledge
that they use manure because chemical fertilizers are expensive, but others claim that manure
is a better option because chemical fertilizers in the market are often contaminated and of poor
quality. However, the increased demand for manure in the form of cow dung and poultry
droppings has led to a shortfall in supplies, forcing farmers to buy cheap chemical fertilizers
that might not guarantee adequate crop yields. It has been reported that a common climate
change adaptation strategy for farmers in Kenya is the use of inorganic fertilizers and compost
or manure to improve soil fertility, soil water holding capacity, and increase crop production
(Bryant et al. 2013).

Some farmers have made the decision to change the crops they grow and replace them with
others, despite the fact that this is not a particularly prevalent practice in the studied
communities. Most crops, including potatoes, maize, beans, tomatoes, sugarcane, and acha are

grown for commercial purposes. In the study region, maize and potatoes are the two most
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important commercial crops, with the majority of farmers cultivating them for market sales
(Table 5.18). Farmers who traditionally produce potatoes have decreased the number of plots
dedicated to the crop and increased their production of maize and beans since these crops are
less sensitivity to climate variability and its effects (see Section 5.6.2.3). For instance, farmers
in Mbar now plant maize and beans on more of their land than potatoes. The most popular
crops now grown in Mushere community are acha (fonio) and maize since they can survive
diseases and dry spells. The cultivation of cocoyams and sugarcanes in the community has been
hampered by disease and insufficient rainfall, which has resulted in a major reduction in the
cultivation of the crops. In order to prevent complete crop loss when one or more of their crops
are infected by disease, some farmers employ crop diversification by planting multiple varieties
such as maize, beans, potatoes and sorghum. This result concurs with Otitoju and Enete (2014)
which indicate that although multi-cropping is a tradition for smallholder farming in Nigeria,
the practice may have been intensified as a result of climate variability. This is because different
crops have different levels or resilience to fluctuating climate, hence, in the event of severe
weather, growing a variety of crops in one field could guarantee the farmers' productivity.
Other studies have also reported that increased crop diversification is a viable strategy in
combating variable climate conditions (Hassan and Nhemechena, 2008; Bryant et al., 2013;
Antwi-Agwei et al., 2014; Ojo and Baiyegunhi, 2019). Farmers have started growing kayan
gwarri (vegetable crops) in Daffo community, including yellow peppers, green beans, peas,
green peppers, and cabbages (Figure 5.9e, f, see Section 5.6.2.4). These crops were not
typically planted in the area a few years ago, but they are now important high-income crops for
farmers since they mature for harvest in roughly two months and are grown in periods with less
frequent heavy rain. In order to grow their regular crops of maize, beans, and potatoes, farmers
use the money they make from selling these vegetables to buy fertilisers and agrochemicals
(see Section 5.6.2.4).

In order to adapt to climate change and variability, farming households in the study area rely
on irrigation typically characterised by cultivation on small plots (average of one to two
hectares), using low cost equipment such as a motorised pump, flexible hoses, metal pipes and
buckets to draw water from diverse sources which may include rivers, streams and earth dam
(see Section 5.6.2.5). Farmers claim that growing crops during the dry season is less uncertain
than in the wet season especially when they have a reliable source of water for irrigation. This
allows farmers grow a variety of crops throughout the year, reducing their reliance on rain-fed

agriculture. Farmers typically grow vegetable crops like tomatoes, peppers, cabbages, and
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green beans (Figure 5.5), which are vulnerable to disease infestation during the rainy season
when the rains become excessive or erratic, taking advantage of the ability to control how much
water they need. By diversifying their crop production, farmers can spread their risks and
ensure a more consistent income during periods of climate variability. This improves their
resilience to climate variability and reduces vulnerability (Ojo and Baiyegunhi, 2019). Farmers
also employ irrigated farming to raise disease-free, high-yield seed and storage potatoes since
occurrences of blight disease are uncommon during the dry season. Due to the high demand
for the majority of the crops they grow under irrigation, farmers can improve their profits by

selling farm products at a premium (see Section 5.5.4).

Farmers claim that while irrigation farming initially appears to be cost-effective due to the high
cost of machinery like motor pumps and hoses, the high cost of fertilisers and agrochemicals,
the lack of improved seed varieties, and the constant attention paid to crops' water needs, the
advantages have proven to be profitable over time (see Section 5.6.2.5). There are hardly any
losses from crops grown during irrigation and because harvested produce is in high demand,
farmers tend to control the prices. Since harvested farm produce from irrigation are typically
disease-free coupled with less humidity in the dry season, farmers are able to store them for
longer periods and may later decide to sell at a higher profit when prices have risen. These
earnings have helped farmers take care of household needs and also prepare for the upcoming
farming season by purchasing farm inputs. Farmers acknowledged that implementing irrigation
farming has evolved into a workable adaptation strategy to deal with issues related to climate
change, such as disease and unpredictable weather patterns that affect their crops, but they also
highlighted some difficulties they encounter when attempting to put this measure into practice
(see Section 5.6.2.5). These include poor access to irrigation equipment with some farmers
borrowing or hiring from other farmers that own them, which is as a result of a lack of
institutional support in the form of credits and loans with low interest rates to help farmers buy
equipment like water pumps, flexible hose, and pipes; lack of dependable water sources like
dams and reserves because majority of sampled farmers that engage in irrigation farming in the
study communities get their water from rivers and streams which dry up deep into the dry
season because of the pressure of usage by numerous farmers; and the lack of other farm inputs

like improved seeds, agrochemicals, and fertilisers at discounted prices (see Section 5.6.2.5).

In the study communities, farming households reported utilising a variety of off-farm

adaptation and coping mechanisms in response to climate variability and its effects on their
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farming activities. These non-farming livelihood activities include various economic ventures
they are involved in which helps them diversifying their sources of income. Households
indicated that they were diversifying their sources of income more than they did in past years
as a result of crop losses and low yields brought on by disease and persistent variations in
rainfall patterns. Results show that the majority of households have taken up a diverse portfolio
of activities to increase their household income and secure their livelihoods. Some of the
activities include small-scale trading in food items, engaging in transportation business, selling
farm inputs such as agrochemicals and fertilizers, carpentry, masonry, local beer brewing, and
a host of others (see Section 5.6.2.6). Small-scale trading is performed by women in the farming
households. These activities involve selling of raw food items such as rice, maize, beans and
other grains in small measured quantities, and also cooked and roasted maize, groundnuts,
sweet potatoes are sold as snacks. Other trading activities involve the brewing and selling of
burukutu (local sorghum beer), selling of seeds (potato seeds), used clothing, and household
item (local pots, calabashes, spoons). The selling of livestock (mostly goats, sheep and
chickens), local farm tools (cutlasses, hoes, machetes), selling farm inputs (fertilizers and
agrochemicals), and transportation business are dominated by men in the study communities.
According to respondents, one of the most lucrative non-farm activities in the study areas is
rearing and selling livestock. This is because animals are raised on free range, scavenge for
food themselves, and moreover, animal production is less susceptible to climate change and
variability.

Farming households in places like Bokkos and Mbar, which have larger populations and more
frequent commercial activity especially on local market days, are drawn to the business of
transporting products and people. Farmers use their motorcycles or vehicles to transport people
and commodities to destinations inside or outside of their communities during off-peak farming
seasons. They can use the extra money they make from this to pay for their children's school
expenses and buy some agricultural inputs (see Section 5.6.2.6). Engaging in these small-scale
trading and business ventures allows farmers to generate additional income apart from their
farming activities. By selling a variety of goods and partaking in some artisanal activities,
farmers can tap into different market opportunities and diversify their income sources. This
reduces the dependence on a single income stream (agriculture) and provide a safety net against
income fluctuations caused by climate variability. Income diversification through small-scale
businesses helps farmers spread their risks across multiple economic activities. Impacts of

climate variability such as pest and disease outbreaks, can affect agricultural production and
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income. However, by engaging in these income generating activities, farmers can mitigate the
financial impacts of these climate-related risks. If one income source is affected by climate
variability, income from other business activities can help offset the losses. In consonance with
this finding, several studies have highlighted the engagement of rural farmers in livelihood
diversification to cushion the impacts of year-to-year variation in rainfall patterns on their
farming activities (Antwi-Agwei et al., 2014; Aniah, 2016; Ojo and Baiyegunhi, 2019). A
portfolio of livelihood activities reported include those engaged by men, such as selling of
livestock, charcoal production, sand mining and bicycle repairing; and activities that are
typically done by women which may include small scale trading, pito (sorghum beer) brewing,

basket weaving and head-weaving.

6.7 Influence of different assets on farming households’ choice of adaptation strategies

The climate change adaptation strategies used by farming households have so far been
identified and evaluated in this chapter. It is evident that the variety of climate change
adaptation strategies that farmers choose is dependent on the livelihood capital assets at their
disposal. A regression analysis was conducted to identify the influence of various indicators of
livelihood capital assets on farming households’ choice of adaptation strategies. Some of these
indices include farmers’ membership of a cooperative, access to training on how to deal with
variations in climate, years of farming experience, educational background of the household
head and household income. To determine the degree of influence of the various dependent

variables, a two-tailed test with a 5% level of significance was used.

6.7.1 Influence of social networking

Results from household survey and farmers’ group discussions (see Section 5.5.12) revealed
that farmers acknowledged that there are numerous benefits of being members of a cooperative
or farmers’ groups (social capital asset) which may include farming households having access
to information and knowledge about new crop varieties, improved production techniques, and
market opportunities; access to agricultural inputs such as fertilizers, pesticide, fungicides at
discounted rates, access to low interest loans and credits; access to resources such as land for
lease and low cost labour; and access to assistance by members which involves supporting each
other in times of hardship. The findings of the regression model (Table 5.38) indicate that being
members of cooperative or farmers’ group is positive and significantly (p=0.000, at 5% level

of confidence) related to farmers awareness of the impacts of climate variation and change on
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their farming activities. This implies that the probability of being aware of the adverse effects
of climate change and variability significantly increases if farmers are members of a farmers’
or cooperative group. The model summary (Table 5.39) shows a significant amount of variance
(R?=0.871) that suggests cooperative group membership can predict how knowledgeable
farmers are of the effects of climate change. As a result, the more farmers who belong to
cooperative groups, the more knowledge and information they receive about anticipated
changes in climatic patterns, which helps them make educated decisions about their farming
activities, including adopting suitable adaptation strategies to cope. Similar studies have shown
that farmer organisations and social networks can assist farmers have improved access to
information on farm management innovations, technology, and knowledge which can reinforce
adaptation strategies and increases the likelihood that farmers will adopt adaption techniques
(Abdulai and Huffman, 2014; Dinku et al., 2014; Kuang et al., 2019).

6.7.2 Training on coping with climate change and variability

Although the findings of the study indicate that many farmers in the study area have received
some kind of training by governmental agencies and NGOs on how to deal with climate change,
its impact on the choices farmers make regarding their farming activities cannot be overstated.
Farmers will be able to decrease the effects of persistent climate variability by making better
decisions based on the training they receive. Results from regression analysis (Table 5.40)
shows the p-value (0.000) indicates that the training (natural capital asset) that farmers receive
on how to deal with climate variation and change has a positive and significant influence
(p<0.05) on their readiness to adopt climate change adaptation measures. The model summary
(Table 5.41) displays a high R-squared value (R?=0.871) suggesting that if farmers have access
to training, it can be predicted that they will have the necessary information and knowledge to
help them understand the impacts of climate change and variability, and how to respond to
these changes. Additionally, it can assist farmers in making decisions about their farming
methods that will result in more effective, resilient, and sustainable farming methods, and
livelihoods. This finding is consistent with research from Ethiopia (Asrat and Simane, 2017,
Tofu and Mengista, 2023) in which it was discovered that farmers who had better access to
information through training were more likely to be aware of changing climatic conditions and
were expected to have good knowledge about various types of adaptation measures in order to
lessen the impact of climate change or to take advantage of its benefits.
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6.7.3 Farmers’ experience in farming

Farmers with several years of farming experience, which is an indicator of human capital asset,
are more likely to observe changes in climatic conditions due to prior experiences and make
better decisions on how to respond to these changes, which increases their likelihood to adopt
climate change strategies. Therefore, it is crucial to examine whether farmers' awareness of the
effects of climate change and variation in the study area is significantly influenced by their
farming experience. Results indicate a p-value of 0.000 (Table 5.42) which suggests that there
is a positive and significant relationship between years of farming experience and farmers being
aware of effects of changing patterns of rainfall and temperature in their farming activities. The
regression model (Table 5.43) indicates that farmers’ years of experience can predict their level
of awareness of the impacts of changing weather patterns. This suggests that the length of
farming experience can provide farmers with knowledge of local weather patterns and climate-
related risks, because farmers with more experience have observed changes in weather patterns
and the frequency of extreme climatic events over time. Farmers’ experience in a particular
location will enable them have a better understanding of which crops will grow well and those
that will not. This result relates to research that indicates that farmers' knowledge and
comprehension of the various climatic conditions in their region may improve with time as
they gain experience in their farming activities (Enete et al., 2011; Appiah and Guodaar, 2022).
Farmers’ experience can help them recognise, in theory, the impacts of climate variability and
change on their farming activities and develop appropriate adaptation strategies. In addition,
farmers with more experience may be more likely to accept the reality of climate change and
its impacts on their livelihoods. This acceptance can lead to a greater willingness to adopt
climate-smart practices and adapt to changing weather patterns (Aryal et al., 2020). Experience
also shapes farmers’ capacities to adapt to climate change by developing mechanisms such as
diversifying their crops or adjusting planting times which helps increase their resilience to the

effects of changing climate (Baiyegunhi et al., 2019).

However, it is important to note that farmers; years of experience are not always a reliable
indicator of their awareness of the impacts of climate variability and change. Factors such as
access to information, education and training, and social networks can also play a significant
role in shaping farmers’ knowledge and attitude towards climate change. This is supported by
the findings of Guodaar et al. (2017) who reported that there is no significant relationship
between farming experience of smallholders and their awareness of the impacts of climate

variability. Therefore, it is important to consider multiple factors when assessing farmers’
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awareness of climate change impacts and designing interventions to support adaptation. Other
regression analysis on the influence of farmers’ years of experience on their choice of
adaptation strategies was conducted. Results indicate that there is no significant relationship
(p=0.1600) between farmers’ experience and choosing to adopt changing cropping patterns as
an adaptation strategy to deal with climate change and variability. This finding agrees with
Aryal et al. (2020) whose research in Bangladesh indicates that experience of farm households
does not have a significant influence on climate change adaptation strategies. This result
suggests that farmers’ experience might not affect their decisions on adjusting the time they
plant their crops despite the changing patterns of rainfall. This could be attributed to the fact
that farmers with more years of experience are more inclined to use traditional means of
farming, holding on to their old ways because of a number of reasons. They may not have
access to relevant information and training that provide guidance on how to adopt this strategy,
hence the reluctance to discontinue with traditional cropping patterns. Another reason could be
that changing cropping patterns can be perceived as a risky endeavour for farmers, especially
if they have relied on traditional practices for a long time and may be uncertain of the outcome
of adopting new cropping patterns or fear potential losses in crop yields or income during the
transition period. This risk aversion may lead farmers to stick with familiar cropping patterns,
even if the patterns become less suitable under changing climatic conditions. Additionally,
adopting new cropping patterns may require additional resources and farm inputs, such as
improved seeds, fertilizers or chemicals. Farmers will find it difficult to invest in such
adaptation strategy because of limited access to credit or markets to obtain the necessary
resources. This can act as a barrier to adopting new cropping patterns, even if they are
considered as climate-resilient. This agrees with studies conducted by Ojo and Baiyegunhi
(2020) and Atube et al. (2021), which suggests that farmers with long years of experience may
be more interested in maintaining tried-and-tested traditional farming practises than in
implementing new ones. Similarly, results also indicated a non-significant influence (p=0.254)
of farmers’ experience on the adoption of intensive use of fertilizers and other agrochemicals
on their farms. This suggests that although farmers are experienced, other factors come to play
when choosing adaptation strategies. For instance, with poor access to financial capital among
farming households in the study communities due to limited income and access to credit,
farmers may be unable to purchase and use fertilizers and agrochemicals at optimal levels, even

if they are aware of their benefits (Asare-Nuamah and Mandaza, 2020).
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6.7.4 Educational level of head of household

One indicator of human capital asset that helps in determining the adaptation strategies that
farmers use is the educational level of household heads. In rural north-central Nigeria, decisions
affecting the use and management of farms are made by household heads. It is assumed that
farming household heads who have completed many years of formal education are considered
to be better at gathering information and more equipped to interpret and utilise it. Additionally,
they are more successful than illiterate or poorly educated farmers at gaining access to and
assistance from organisations that provide climate change adaptation interventions because
education improves farmers' analytical skills and equips them with the knowledge necessary to
comprehend how to apply adaptation strategies. Hence, examining the impact of farmers'
educational level on how they adopt climate change adaptation strategies is imperative. Results
of regression analysis (Table 5.44) conducted revealed that educational level of household
heads has a positive and significant (p-value=0.000) influence on the climate change adaptation
strategies adopted by farmers which includes the diversification of household income sources
by engaging in off-farm activities, and planting disease resistant and drought-tolerant crop
varieties (p<0.05). With the model summary indicating a high R? value (0.795) (Table 5.45), it
suggests that the higher the educational level of farmers, the more likely they can make
informed decisions on how to diversify their livelihoods and how to have access to and cultivate
disease resistant and drought tolerant varieties of crops. This finding is consistent with a study
conducted by Habtemariam et al. (2016), who discovered a positive correlation between
farming household heads' awareness and perception of climate change and its effects, and their
level of education. Likewise, empirical studies from Ethiopia (Deressa et al., 2009), Ghana
(Antwi-Agyei et al., 2014) and Bangladesh (Alam et al., 2016) indicate that farmers are more
likely to take up adaptation measures if they have greater human capital, such as more

education.

The regression analysis, however, established that educational attainment of household heads
has no significant influence (p>0.05) on adaptation strategies such as changing cropping
patterns and planting periods, practicing crop substitution, engaging in irrigation farming and
intensifying the use of farm inputs such as fertilizers, chemicals and manure (Table 5.41).
These results may be attributed to factors such as traditional farming practices that may be
stronger influences on the choice of farming practices than educational attainment of farmers.
For instance, farmers may continue to use traditional cropping patterns and resist changing to

new practices regardless of their educational background. Another factor is the access to
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resources such as land, water and farm inputs, which may be a more significant factor than
education in determining which adaptation strategies are feasible. For example, farmers may
not be able to engage in irrigation farming if they do not have access to sufficient water
resources, regardless of their educational attainment. Additionally, economic considerations
such as the cost and profitability of different farming practices, may be more important than
the level of education of farmers in determining which adaptation strategies are adopted. For
instance, farmers may not be able to afford expensive fertilizers and chemicals, new improved
varieties of seeds, irrigation equipment, even if they understand the benefits of using them.

This particularly, will be attributed to the wealth or income level of the farmer.

6.7.5 Farming household income

Farmers' capacity to acquire agricultural inputs depends on the farming household’s access to
financial capital which includes household income. Farmers with high incomes have more
options than those with low incomes for mitigating the effects of climate change, including the
ability to obtain physical capital assets such as the purchase of irrigation facilities, hiring farm
labourers, and using mechanised farming equipment, and embracing a number of adaption
measures (Below et al., 2012; Brown et al., 2018; Kuang et al., 2019). Therefore, it is crucial
to examine how a farming household’s income influences their accessibility to farm inputs for

their farming activities.

Results from regression analysis (Table 5.46) indicate p-values of less than 0.05 for a number
of physical capital assets such as access to irrigation facilities, farm machinery and hiring farm
labour; which suggests that income of farming households have a significant and positive
influence on these variables. This result substantiates the assumption that farmers with higher
income (financial capital asset) are capable of enhancing their adaptive capacities by improving
or complementing other livelihood capital assets that can help build their resilience in the face
of impacts of climate change and variability (Deressa et al., 2009; Li et al., 2017). Additionally,
the regression model (Table 5.47) indicates that the income of households is a good predictor
of farmers having access to the assets investigated, indicating the possibility that farmers with
higher incomes would have easier access to borrowing from cooperative groups or financial
institutions, which can be used to purchase irrigation equipment and other inputs necessary for
irrigation farming to improve their income. Farmers with higher incomes may also have access
to larger plots of land, which may be more suitable for irrigation farming. For instance, these

farmers may have the financial resources to purchase or lease land that have a water source,
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such as river or pond, for irrigation farming (Mulwa et al., 2017; Ojo and Baiyegunhi, 2019).
It is also likely that farmers who earn more incomes will be able to afford the cost of renting
farm machinery such as tractors and ploughs when they are available. This will make it easier
for them to save time, expand their agricultural activities by cultivating larger plots of land,
plant more crops, and increase productivity. In a similar way, farmers are more likely to be
able to afford the cost of hiring manual labourers for their farm activities if they have higher
incomes. In addition to saving farmers' time and increasing their crop yields and income, this
makes it easier for them to access additional manpower to work on larger plots of land (Kassie
et al. 2017).

6.8 The role of social capital in helping farmers cope with climate variability and change
in the study area

Information from the study suggests that there is a popular opinion among farmers that there is
better interaction and collaboration between farmers than with other institutional support
groups. This is the reason why emphasis needs to be placed on developing social networks in
the study area. With the almost nonexistent agricultural extension services and a well-organized
government intervention programme in place, social networks represent a viable means for
sharing information, knowledge and labour which will enhance the community’s ability to
collectively adapt to climate change challenges. Social capital is provided by stakeholders in
farming communities including individuals, groups, organisations and institutions that have a
stake or interest in the farming community and its activities. The stakeholders in the study
communities include farmers, heads of farmer groups, traditional community leaders, the
Agricultural Services and Training Centre (ASTC) and GIZ. Farmers are the primary
stakeholders in farming communities and are directly impacted by climate variability and
change. They can cope with these impacts which include crop failure due to changing patterns
of rainfall and high temperatures, and incidences of crop diseases by adopting climate-smart
agricultural practices such as crop diversification, planting disease resistant and drought
tolerant crop varieties, engaging in small scale irrigation farming, and diversifying their income
sources to enhance their resilience. Despite results showing that many farmers in the study
communities do not belong to formal cooperative groups (see Section 5.5.12) and with an
overall high LV1 score in social capital in all study communities (Figure 5.14), they still form
social networks that enhance their interaction with other farmer groups and community leaders,

government agencies, and non-governmental organisations. These interactions are feasible
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when farmers have organized themselves and have common interests and objectives which are
geared towards improving their agricultural activities (see Section 5.5.12) (Abdulai and
Hoffman, 2014).

Heads of farmer groups have a significant role to play in helping farmers adapt to climate
variability in the study area. Interviews with heads of farmer groups (see Sections 5.5.7, 5.5.12)
revealed that they have several duties to perform on behalf of their members. Some of these
involves representing the interests of the groups in various forms, including meetings with
government officials, NGOs, and other stakeholders. They can advocate for policies that
support climate-resilient agriculture, access to markets, and provision of extension services.
Although farmers in the study communities have no problems in accessing markets for their
farm produce (see Section 5.5.7), the issue of controlled supply and pricing of these products
are challenges farmers encounter regularly. During harvest periods, the prices of farm produce,
especially the perishable ones, drop due to high supply in the markets. Some heads of farmers
claimed that they often meet with members to discuss on how to supply farm produce and the
prices to sell. They also share information on markets where they might sell their products for
higher profit (see Section 5.5.15; Table 5.36). Other roles of the leaders of farmer groups
involves the improvement of farmers’ learning and sharing of knowledge among members of
the group. They can organize local training sessions and visit farms to learn about climate
change adaptation strategies and share best practices among farmers. The head of farmers in
Mbar emphasized this when he said that NGOs, particularly G1Z, provide training sessions for
some leaders who are then expected to instruct their members in the new techniques they have

been exposed to.

Traditional community leaders are the custodians of customs and norms in rural communities
and can play several roles in assisting farmers cope with the impacts of climate variation and
change in their communities (Yaro et al., 2015). These roles can include sharing traditional
knowledge and practices that have helped their communities cope with climate variability in
the past. This can include knowledge about crops that are drought-tolerant, water management
techniques, and soil conservation practices. For instance, community leaders in Mushere and
Daffo claimed that they encourage farmers to produce acha (fonio) when there are indications
that the growing season will be shortened due to insufficient rainfall because the crop can
tolerate dry spells. Traditional community leaders also help in resolving conflicts that may arise

between farmers over access to land and water resources, which can become acute during
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periods of climate variability. This can help prevent conflicts and promote peaceful coexistence
among farmers. In communities like Mbar and Bokkos, for instance, disputes over irrigation
water as a result of makeshift dams being built on stream channels by farmers upstream,
preventing farmers downstream from receiving enough water are a common occurrence.
Traditional community leaders indicated that they typically intervene by providing feasible
irrigation schedules for all farmers involved. These disagreements are widespread when rivers

and streams start to dry up late into the dry season (see Section 5.5.4).

In addition to the traditional institution's assistance in helping farmers deal with problems
related to their farming activities, farmers also organize informal groups to support one another
when needed. These groups are often made up of family members or friends who assist each
other with small amounts of money they contribute in turns (adashe). This contribution is
combined and given to a member who utilizes the funds to improve a small business or buy
farm inputs. The contribution is repeated in the next month or for a predetermined period so
that a second member can benefit. This is repeated until all members gain from it (see Section
5.5.12). Aside contributing money, these informal groups also assist each other with organized
labour for farm activities (see Section 5.5.13). These groupings are often made up of friends
and relatives who perform these farm tasks without collecting any payment. This is because
their farms will be worked on later. By doing this, farmers can save money on the cost of hiring
farm labour and use the money towards other productive resources. Information from other
farmers top the list of primary sources of agricultural information for farmers in the study area
(Table 5.35). Farmers most frequently share information on where to find improved varieties
of seeds and seedlings, where to buy agrochemicals to combat crop pests and diseases, and
when to start planting for the upcoming growing season. Farmers often provide advice on

where to sell their harvested agricultural goods for a higher price (Table 5.36).

6.9 Assessing the nexus between farming household livelihood assets

The three main elements of the livelihood framework are the households’ livelihood asset
endowment, livelihood strategies, and livelihood outcomes (DFID, 1999). A farming
household can deploy its resources to a variety of strategies to produce livelihood outcomes,
such as food, income, and improved adaptive capacity, depending on the asset endowment in
terms of human, natural, financial, physical, and social capitals. The assessment of household

livelihood assets has brought to light the links between the different assets farmers have at their
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disposal and how they are able to use these resources to enhance their adaptive capacities in
order to minimize the impacts of climate variability on their livelihoods. From the assessment,
financial capital seems to have a strong influence on how farmers improve other capital assets
(Figure 6.1). Access to financial capital allows farming households to invest in physical assets
such as purchasing the equipment including motorized pumps, hose, improved seeds, fertilizers
and chemicals required to engage in irrigation farming. This will help farmers grow their crops
all year round, thereby increasing their yield and income to withstand impacts of climate
variability. Similarly, farmers can use their financial capital to access mechanised agricultural
equipment through hiring of tractors from agencies that offer these services. This will enable
farmers intensify their farm activities by cultivation larger plots, and diversifying their farm
activities by growing more crops. Financial capital can support the formation and enhancement
of social networks by providing resources for farmer groups and cooperatives (Figure 6.1).
With the contributions members make, they are able to foster collective action, knowledge
sharing and the adoption of climate-resilient interventions that would help farmers mitigate the

impacts of climate variability and reduce vulnerability.

Social capital influences human capital because it plays an important role in knowledge sharing
and collective action. Farmer groups and cooperatives can facilitate the sharing of climate-
related information and best practices among members. This strengthen human capital by
improving the knowledge and skills of individuals to respond effectively to climate variability.
On the other hand, enhanced human capital asset within the household and community
improves social capital by enabling active participation by farmers in decision-making process
and collective adaptation initiatives. Farmers with enhanced human capital assets, through
training or education programmes can improve their awareness of the impacts of climate
variability on their livelihoods (Figure 6.1), adopt sustainable farming techniques that preserve
natural resources, improves water and soil conservation, and mitigate the impacts of climate

change and variability.

Access to natural capital assets improves the potentials of farmers to enhance their financial
capital. For instance, farmers with large farm holding can use part of their land as collateral to
facilitate the collection of credit and loans from financial institutions. This fund can be invested
in irrigation equipment, or the purchase of improved seeds and agrochemicals to help reduce
climate change impacts. In turn, enhanced financial capital can enable farmers purchase or rent

land thereby improving natural asset in order to intensify crop production by growing different
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varieties of crops and practice irrigation farming. This helps improve crop yield, increase

income of farmers and reduce vulnerability.
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Figure 6.1: Modelled linkages between farming households’ livelihood capital assets.
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Chapter Seven: Conclusions and Recommendations

7.1 Introduction

This chapter summarises the results obtained from assessing the livelihood vulnerability and
adaptation to climate variability and change among farming households in Plateau State,
Nigeria. The components discussed in this chapter includes a summary of the main findings of
the study and their implications based on the research aim and objectives; recommendations
for the various stakeholders involved with agricultural production systems, which includes
farmers, traditional community leaders, government and non-governmental agencies; and areas
where emphasis should be placed for further research on climate change vulnerability of food

production systems in a SSA context.

7.2 Summary of the findings

This study aimed at assessing farming household vulnerability to climate variability and
change, and evaluating farmers’ adaptive capacity based on their ownership and access to
livelihoods capital assets, and the adaptation strategies they employ to adapt to the adverse
impacts of climate variability on their activities. This study has revealed that farming
households encounter a variety of negative impacts associated with frequent changes in rainfall
and temperature patterns which has affected their farming activities. Since rain-fed agriculture
is the main form of agriculture practised in the research area, farming activities are sensitive to
these ongoing changes which are characterised by late onset of the rains, frequent and extended
periods of dry-spells, intense rainfall at some periods, and early cessation of the rains. These
alterations in weather patterns has exposed the crops grown to incidences of disease and pest
infestation, increasing farmers’ vulnerability and forcing them to adopt a range of adaptation
strategies which includes adjusting their planting dates, the use of agricultural cultivars
resistant to disease and drought, changing the types of crops they cultivate and the use of a
variety of agro-chemicals on their crops. This study has therefore highlighted the context-
specific drivers of vulnerability to climate variability in rural farming households and provided
empirical evidence of how farmers react to the adverse impacts of changing patterns of rainfall
and temperature on their livelihoods. It further provided insights for effective vulnerability
assessments at the local level as well as the potentials of applying this approach at the national

and regional levels.
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Assessing farming household’s capital assets helped increase understanding on how
households deal with the effects of climate variability which provided an insight into which
assets promote or decrease their vulnerability and enhance adaptive capacity. This helped
provide valuable lessons on how to manage climate variability in agricultural-dependent
communities (households) in developing countries and how best farming households can
deploy their bundle of assets for effective adaptation measures. The opportunity to discover the
many adaptive capacities that could be used to lessen household vulnerability to decreased crop
yields owing to the effects of climate variability is provided by an assessment of livelihood
capitals. The LVI assessment approach was a viable tool used to highlight the vulnerability of
households and communities as a result of their limited access to capital assets for their means
of subsistence. The LVI revealed that farming households’ vulnerability increased due to poor
access to vital elements of financial, social and physical capitals which are important in
enhancing household adaptive capacity and build resilience to climate variability. Although
poor access to credit from formal financial institutions contributed to households’ vulnerability,
farmers sell disposable assets such as livestock, to meet up pressing financial needs and
maintain their livelihoods. Similarly, regression analysis revealed that financial capital in form
of farmers’ income significantly influence farmers’ access to physical assets such as irrigation
equipment, farm machinery and hiring labour. The LVI also revealed other areas where
households recorded high vulnerability in human assets. The lack of training of farmers on
ways to deal with the impacts of climate change and variability increases farmers’ exposure
and sensitivity to these extreme climate events. Analysis indicate that training has a positive
and significant influence on farmers’ awareness on the impacts of climate variability, and it
increases the likelihood of farmers adopting adaptation strategies to mitigate impacts of the
changing climate on their farming activities. The analysis of other human assets such as
educational level of household heads and farming experience both have positive and significant
influence on how farmers respond to effects of changing rainfall and temperature patterns on
farming activities. Education level of farmers has an influence on adaptation strategies such as
livelihood diversification of income sources and the planting of disease resistant and drought-
tolerant crop varieties. Farmers’ years in farming can provide them with the knowledge of local
environmental conditions which helps them determine which crops will grow well and the ones
that will not. The modification of the LV to capture specific indices that are crucial in assessing
the vulnerability of households and communities at the local level provided an insight on the

flexibility of the framework.
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Farming households adopt a variety of adaptation strategies against climate change and
variability. Some of these measures include the modification of cropping practices and the time
farmers plant their crops due to fluctuations in rainfall patterns, and planting improved varieties
of crops that can withstand disease and drought conditions as a result of variable climate
conditions. Other measures include the increase use of fertilizer, manure and agrochemicals to
modify soil nutrient conditions in order to boost crop yields; crop diversification aimed at
reducing total crop loss when disease or pest infestation occurs. A popular adaptation strategy
is the growing of crops in the dry season through irrigation farming. These irrigated crops are
high-value primarily vegetable crops that are sold at a premium in the markets. This helps
farmers earn more profit for their crops and enables them to purchase farm inputs in preparation
for the upcoming farming season. The saving of disease-free and high-yielding seeds and
seedling are common after irrigated crops are harvested. Engaging in off-farm income
generating activities to improve household income is a common practice in the study
communities. Some of the activities farming households engage in are small scale trading,
working as commercial car drivers and motorcycle riders, cooking and selling food, brewing
local beer and working as artisans. These activities have helped farmers diversify their income
sources and enable them accumulate resources to increase their resilience to the effects of
climate change and variability. These insights will inform the incorporation of autonomous
adaptation techniques in policy formulation on climate change adaptation and successful
implementation of planned adaptation strategies in farming communities specifically in Nigeria

and in sub-Saharan Africa as a whole.

7.3 Conclusions
The following conclusions can be drawn from this research:

i.  Farmers in the Bokkos LGA perceive changes in rainfall and temperature patterns
where weather and climate extremes and variability are occurring more frequently and
have had adverse impacts on their farming activities.

ii.  These persistent changes in weather conditions in form of late onset of rain with
characteristic false starts and prolonged dry spells, and high temperatures have exposed
farmers to impacts that include the emergence of crop pests and diseases, thereby
increasing their vulnerability.

iii.  Farming households are making efforts to adapt by utilizing the livelihood capital assets

they own or have access to, yet the lack of access to some basic assets including
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financial, human and social capital assets increases their vulnerability to climate
variability.

There is inadequate institutional support available to farmers with a lack of access to
farm machinery, subsidized farm inputs, crop storage facilities and credits through
formal financial institutions which indicates the absence of political capital in the study
area.

Farming households adopt a variety of on-farm adaptation strategies with crop
diversification, intense use of fertilizer, manure, agrochemicals, and irrigation farming,
as the most popular measures to mitigate the impacts of climate variability.

A variety of off-farm diversification of income venture have been adopted by farmers
to supplement income from farming to enable them meet household need and plan
towards the next farming season.

Farmers’ experience, education, training and affiliation with a cooperative group
significantly and positively influence their awareness and knowledge of the impacts of
climate change and are more likely to implement adaptation measures in response.
Access to irrigation equipment, farm machinery, and manpower are significantly and
positively influenced by farmers' income (financial capital asset).

Social networks play a crucial role in helping farmers mitigate the impacts of climate
variability. This is reflective in the role traditional community leaders, farmers, family
and friends play in information sharing, financial support and collaboration.

7.4 Recommendations to stakeholders

The following recommendations are proposed for farmers, traditional community leaders,

government agencies (PADP, ASTC) and non-governmental organisations based on the results

mentioned.

The improvement of institutional intervention in the form of location-specific
vulnerability assessment is recommended. This will enable experts and stakeholders
identify localised drivers of vulnerability and propose appropriate responses to their
impacts.

The results demonstrate that the vulnerability of Nigerian food production systems to climate
variability varies both geographically and economically. This gives policy makers empirical
support to help them identify vulnerable communities and households for targeted resource

allocation and other policy recommendations to minimise vulnerability. Based on this
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assessment, policies and programmes should be developed and put in place to lessen the
vulnerability of the most vulnerable households and communities.

There should be efforts by policymakers towards improving farming methods by
enhancing the capacity of agricultural extension workers through increased staff
strength and training of staff to specialise in autonomous climate change adaptation
techniques that are feasible in communities. Organising more training programmes on
adaptation to climate variability for farmers will further improve knowledge and
awareness on future adverse impacts.

The different institutions and agencies involved in climate change adaptation need to
better coordinate, retain records, and capture information. It was found that data on
climate change adaptation at numerous organisations and institutions are either non-
existent or poorly recorded, which makes evaluating different adaption strategies very
challenging.

The provision of credit and loan facilities by formal financial institutions is one important area
that requires reform to help farmers gain access to financial capital that can enable them adapt
to the effects of climate change. Given that few farmers can provide the requisite collateral that
banks require, government should partner with banks to offer lending facilities to farmers.
Farmers are, however, reluctant to seek credit from these financial institutions due to a lack of
collateral or the risk of using their farms as one. To facilitate this credit, the Ministry of
Agriculture can serve as a guarantor to the farmers.

There is need for increased education of farmers on the adverse effects of climate
change and variability, which will increase farmers’ awareness of climate change and
variability. Such education would enable farmers to respond appropriately to these
impacts when they happen.

One major finding in this research is that most farmers do not belong to formal social
networks although these associations and cooperatives exist in their communities.
Social capital is, however, key to household and community resilience especially in
areas where government services may be limited. Therefore, initiatives should be taken
to strengthen and promote social links between households in the communities. This
will enhance social networks and exchange that are essential for preserving livelihoods
in the face of climatic variability. To share knowledge about coping with climate
change within their communities, households should be encouraged to interact socially.
This could be created by forming groups made up of farmers and community-based

organisations. By establishing these associations, such households will have access to
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social capital and have options to obtain loans from banks and other financial
institutions. The majority of financial institutions are reluctant to lend money to
individual farmers due to the risky nature of most rain-fed agriculture. These
institutions would rather lend money to recognised associations or cooperatives. This
is also true with assistance that comes from non-governmental agencies who prefer to
work with farmers through their associations or cooperatives.

Farmers should be encouraged to diversify their sources of income into non-farm
income sources that are less susceptible to the persistently changing weather patterns
in order to lessen their vulnerability to climatic variability. There is the need for
government and non-governmental organisations to provide the necessary training to
farmers so they can be able to diversify.

The provision of storage facilities was also highlighted by farmers as a major post-
harvest problem. This is a physical capital that can enhance farmers’ ability to store
harvested crops and improve their economic stability while controlling the prices of
their farm produce. The expansion and refurbishing of cold storage facilities at the
ASTC should be prioritised so that farmers can store their perishable farm produce for
longer periods. This will help keep the produce fresh and provide farmers with the
opportunity of selling their products when the prices are ideal for them. Additionally,
farmers should be encouraged to build storage facilities so they can keep their produce
for a while and prevent crop loss from spoilage.

Some respondents highlighted the need for constructing small dams to facilitate
irrigation farming during the rainy season. Since water sources for irrigation in the
study communities are from rivers, streams and wells that eventually dry up when the
dry season fully sets in, farmers should be informed about improved water collecting
techniques and encouraged to employ them, in order to collect rainwater during the

rainy season and use it for farming during the dry season.

7.5 Recommended future research areas

Some future research areas are enumerated below:

The findings of this research unveiled the crucial role financial capital asset plays in the
enhancement of other livelihood asset and their contribution in reducing impacts of
climate variability. However, this study did not explore how financial capital can be
enhanced by formal and informal institutions to better the livelihoods of farming

households. Therefore, there is the need for future research to explore how these
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institutions can promote financial capital for household and community adaptation to
climate variability.

This research employed the LVI in assessing the vulnerability of households and
communities with indicators representing livelihood assets but did not explore which
assets enhance overall household resilience to climate variability. Therefore, future
research on household resilience to climate variability is needed to assess livelihood
assets that contribute to farming household adaptive capacity and resilience to changing
climate.

Future research is required to explore the impact of climate change and variability on
mixed crop-livestock production system. This will provide insights into the social and
economic drivers of vulnerability and adaptive capacities of households who are

engaged in crop-livestock production, and implication for adaptation in Nigeria.
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Appendix 2: Household survey questionnaire

Household Survey Questionnaire

Name of community: .........oovviiiiiiiiiiiiiiiiieiiannennn,
Date: .o
Name of researcher: ...,
SECTION A: Demographic characteristics
1. Age:ooviiiiiii
2. Gender : Male () Female () (Tick one)
3. Highest educational level:
a. Primary level
b. Junior secondary school level
c. Senior secondary school level
d. Tertiary level (university, polytechnic, professional colleges)

4. Household size. Please fill in the table below appropriately:

Children | Adults (ages in years)
sex
<18 18 -30 31-45 46 —60 > 60
years years years years years
Male
Female

5. Is farming your major source of income? Yes () No ()

6. If yes, for how many years have you been engaged in farming?

7. Average yearly household income from farming (in naira)?
a. Lessthan N 100, 000
b. N 100, 000 — N 299, 999
c. N300, 000 - N 499, 999
d. N 500, 000 - N 699, 999
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e. N 700,000 and above
8. If no, list other sources of household income apart from farming you engage in (Rank

with 1 being the most important):

Source of income Rank Average annual
amount (in naira)
1.
2.
3.
4,
5.

SECTION B: Perceptions of climate change and variability in form of anomalies in
temperature and rainfall patterns
9. What are the major changes you have observed as regards climatic conditions
(particularly increase or decrease in rainfall and temperature) in your area for the past

10 years?

10. Do you consider changes in rainfall and temperature as a problem for your farming
activities? Yes () No ().
11. Explain why and how changes in rainfall and temperature patterns are a problem or

not.

12. At what particular period during crop production are these changes in rainfall and

temperature affect your farming activities the most?



13.

14.

Have you received any training on how to deal with changes in rainfall and
temperature patterns for your farming activities in recent years? Yes () No ().
If yes, by whom and when?

SECTION C: Agricultural productivity and livelihoods.

15.

16.

17.

18.

19.
20.

21.

22.

What is the size of your farm?
a. Less than 1 hectares
b. 1.5to 2 hectares
c. 2.510 3 hectres
d. More than 3 hectares
List out the types of crops you grow on your farm and for what purpose (whether for

commercial or household consumption)

Have changes in weather and climate affected the types of crops you grow? Yes ()
No ()
If yes, explain how and list the crops and the changes in climate that has affected

them.

Do you keep livestock or poultry? Yes () No ().
If yes, for what purpose?

a. Commercial

b. Consumption

c. Both

List out the types and number of livestock or poultry you keep.

Do you have access to irrigation facilities? Yes () No ().
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23. If yes, is the irrigation facility owned by you or you get access through hire?
24. How much of your farm is under irrigation? (in hectares/acres)

25. What is the source of water you use for irrigation?

26. How do you store and use this water for irrigation?

27. List types of crops grown on irrigated land

28. Do you have access to a ready market for your agricultural produce? Yes () No ().
29. If yes, where do you sell and how far do you have to travel to get there?

30. How do you sell your agricultural produce?
a. Directly to the market
b. Selling through a farmers’ cooperative
c. Selling through middlemen

d. Others (SPeCIfy) ..ouuiniii i

SECTION D: Assessment of farmers’ access to livelihood capitals/assets.

31. How do you acquire or have access to land for farming activities?
a. Inheritance
b. Purchase
c. Rent
d. Others (specify)

32. Do you have access to credits or loans for the purchase of seeds, fertilizers, pesticides,
herbicides and hire agricultural machinery? Yes () No ().

33. If yes, state the type (s) and the source (s)?
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34.

35.

36.
37.
38.

39.

40.
41.

42.

43.

44,

Do you receive agricultural inputs (fertilizers, pesticides, herbicides, seedlings etc)
from government or non-governmental agencies? Yes () No ().

If yes, what types, from whom and how often do you receive help?

Do you save seeds and seedling for the next farming season? Yes () No ()
Do you have access to mechanized agricultural equipment? Yes () No ().

If yes, what types and from where?

Do you have access to storage facilities for your harvested crops (especially the
perishable ones)? Yes () No ().

Do you belong to a farmers’ association or cooperative society? Yes () No ().

If yes, what form of assistance do you get from the association or cooperative society
and how often do you receive this assistance?

What type of labour do you employ for your farm activities?
a. Household labour

b. Hired labour

c. Communal labour

d. Others (specify)

How many labourers do you employ and for how long?

Have any members of your household been infected with any of the following
diseases? (tick as appropriate).

a. Cholera

b. Malaria

c. Dengue fever

e

Diarrhea
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45.

46.

47.

48.

49,

50.

51.

52.

53.

Has any members of your household missed work or school due to illness in the past 5
year? Yes () No ().

If yes, for how long?

a. 1-—3days

b. 3-5days

c. More than 5 days

What is the average time to the nearest health centre to you? ..........................

Do you have family members that have left home in search of work in other places?
Yes () No()

If yes, what are the reasons for their leaving?

How do you get information on weather and climate?

a. Through extension workers

b. From other farmers

c. From public media (radio, television, newspapers)

d. Others (specify)

List sources from where you receive information on improved and modern

agricultural practices?

Do you share information with other farmers on new farming methods, improved
variety of seeds, new markets for crops and sharing of equipment? Yes () No ().

If yes, how has these interactions helped you in making farming decisions?
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SECTION E: Livelihood assets and household adaptation strategies
54. What measures have you taken to adapt to changes in weather and climate? (Tick as
appropriate and explain further on the measures taken).

S/N | Climate change adaptation strategies Selection

1. | Changing cropping pattern and planting practices (late or early

planting)

2. | Planting different crop varieties like disease and drought resistant

varieties

3. | Diversification of sources of household income by petty

commodity trading, migration for labour etc.

4. | Diversification of crop types including crop substitution to

address environmental variations.

5. | Changing from farming to non-farming activities by permanent or

temporary migration in search of employment.

6. Intensification of production by increasing investment of the

means of production per unit area to obtain maximum yield.

7. | Irrigation practices

8. Others

Thank you for making time to answer these questions.
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Appendix 3: Farmers group discussion schedule

Interview Schedule for Farmers’ Group Discussion

1. Highlight some main climatic event/changes that have occurred in this community
over the past 10 years and how these events have affected your farming activities and

other livelihoods.

3. Mention some of the things that prevent farmers from implementing measures that

will help them cope with changes in weather and climate.

4. What are some of the ways in which farmers in the community help each other to

recover from the impacts of climatic events?

5. Do you think because of the help those who are registered with the farmers’
association or are members of a cooperative group receive, they are likely to recover

faster from climatic shocks than those who are not?

6. Which organizations or institutions have been helpful in providing assistance to
enable farmers recover from climatic shocks and continue effectively in their farming

activities?
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State the kinds of assistance you receive to help farmers adopt modern farming

practices and improve crop production; and from which sources?

What changes have you made in your farming practices and other livelihood activities

over recent years as a result of adverse impacts from weather and climatic events?

7. What are some of the measures your association has put in place to help farmers cope

with future climatic events?
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Appendix 4: Women group discussion schedule

Interview Schedule for Women Group Discussions

1. What are some of the benefits of belonging to your group of women?

2. What are some of the challenges women farmers face in respect to gaining access to
land for agricultural purposes, farming inputs like fertilizer, pesticides, herbicides,

farm labour, credits/loans etc in the community?

5. Do women have equal opportunity in acquiring land in your community? Yes /No.

6. If no, what are some of the factors that contribute to this inequality?

7. How much land (on the average) do women cultivate and the variety of crops they

grow in your community?

8. What variety of animals do women keep?
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9. Are the crops grown and animals kept solely for household consumption or are they
sold in the markets?

10. What are some alternative means of generating income that women in your

community have adopted alongside farming?
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Appendix 5: Interview schedule for traditional community leaders

Interview Schedule for Traditional Community Leaders

1. How do farmers in your community acquire land for agricultural activities?

3. What is your role in ensuring that soil management activities are carried out for

sustainable food production in your community?

4. What role do you play in resolving land conflicts and ensuring that environmentally

sensitive areas like forests, wetlands and wildlife habitats are protected?

5. Mention some of the ways you have helped in mobilizing farmers in your community

for agricultural extension services and training.

6. What is your role in respect to regulating agricultural products marketing in your

community?
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7.

10.

11.

Are there specific roles or responsibilities tradition and customs place on women in
your community to perform as regards farm labour, crops grown, marketing of farm

produce etc?

What do you think are the main changes in weather and climate conditions that are

affecting farmers and crop production in your community?

Narrate some stories about how weather and climate events have affected agricultural

activities in this community in the past

Have there been help or assistance from government, agencies or persons to help
farmers recover from impacts caused by weather or climate events after they have
occurred? Yes () No ().

If yes, mention the type (s) of assistance and the source.

Mention some of the basic things your community needs to help farmers recover from

the impacts of extreme weather events and resume food production.
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Appendix 6: Interview schedule for head of farmers’ group

Interview Schedule for Heads of Farmers’ Associations

1. What is your role as head of farmers in your community?

2. How do you interact with farmers in your association and what are the benefits they

derive from being members?

3. Do you get help from individuals, government or non-governmental organizations on
behalf of your members? Yes/No.

4. If yes, what kinds of help and from whom?

5. How do you interact with your members to receive these help or assistance when they

are provided?

6. Tell me how past weather and climate events have affected the activities of your

members in the community.
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Appendix 7: Interview schedule for field operation official of the Agricultural Services
and Training Centre (ASTC)

Interview Schedule for Field Operation Officer of the Agricultural Services
Training Centre (ASTC)

1. What are you duties as a field operation officer of the ASTC?

3. What is the level of patronage of these mechanization agricultural services by farmers
in Bokkos L.G.A?

4. How often do you organize trainings and seminars for farmers in respect to
application of right quantities of fertilizers, pesticides, herbicides, farm
demonstrations on the planting of improved seeds and seedlings, impacts of climate
change and modern and best practices?

5. In what ways is your establishment helping farmers to market their agricultural
produce and also handle post-harvest issues like storage of perishable agricultural

produce?

6. How is your establishment cooperating and interacting with other agencies or persons

in meeting farmers’ needs?
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Appendix 8: Interview schedule for agricultural extension official of the Plateau
Agricultural Development Programme (PADP)

Interview Schedule for Agricultural Extension Officers

1. For how long have you been working as an agricultural extension officer?
2. What are the communities in Bokkos Local Government area where you usually carry

out your duties?

areas?

4. How do you provide information on new and improved methods of farming to

farmers in these areas?

5. How do you help farmers make decisions and ensure that the knowledge you have
given them is being implemented to obtain the best results with regards to sustainable

crop production?

6. In encouraging farmers to adopt new and improved methods of farming, what variety
of methods do you use in reaching or communicating these ideas to them?

methods.
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10.

11.

12.

13.

14.

15.

16.

Do you have a cooperative group with farmers where you develop new farming
methods, discuss farming problems and seek collective solutions to issues that are
affecting them locally? Yes () No ().

If yes, how often do you meet and how do you ensure that decisions reached are the

best acceptable and implementable for majority of farmers?

How do you develop programmes that are aimed at reaching marginalized farmers i.e.

those that have little access to information and extension services?

How do you collaborate with agricultural scientists and research institutes to obtain
the best improved variety of seedlings, pesticides, herbicides and fertilizers that are

needed to assist farmers in these communities?

How are farmers trained in the adoption of these new seed/seedlings, pesticides,

herbicides and fertilizers?

Do you provide assistance to farmers on how to market their farm products? Yes ()
No ().

If yes, in what ways have you cooperated with farmers to obtain a good market for
their products?

What advice do you give farmers in respect to adopting and savings towards acquiring

or hiring equipment for mechanized agriculture?

What advice do you give farmers pertaining to water conservation practices in

irrigation farming in these communities?



17.

18.

19.

20.

21.

How often do you conduct farm inspections and collect feedbacks from farmers on
the challenges they face in respect to soil fertility, crops/animal pests and diseases,

and variability in weather and climate conditions?

Do you think other individuals or organization need to be involved in making sure

adequate information and help get to farmers?
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Appendix 9: Farm observation schedule

Farm Observation Schedule

1. Observation will be carried out to ascertain the farm size of selected farms.

2. Observation of the crops being grown as well as types of fertilizer (whether organic
manure or inorganic) being applied.

3. Observation of water and soil conservation methods (mulching, fallowing, crop
rotation) being employed on these farms.

4. Observation of cropping methods will be carried out. This will be made to ascertain
whether intercropping, mixed cropping or monocropping is being carried out on the
farms and the reasons for employing a particular method.

5. Observation of how farmers undertake field preparation for the upcoming farming
season will be carried out.

6. Observation of type of farm mechanization equipment or implements and labour

being employed on the farms.
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Appendix 10: Participant information sheet for household survey
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UNIVERSITY OF THE WITWATERSRAND
JOHANNESBURG
Participant Information Sheet
Household Survey Questionnaire

Dear Sir / Madam,

My name is Arin Hassan and | am a PhD student in Geography and Environmental Studies at
the University of the Witwatersrand, Johannesburg. As part of my studies, | have to undertake
a research project, and I am investigating farmers’ vulnerability to climate change and
variability, and how these changes affect their livelihood activities; under the supervision of
Professor Jasper Knight. The aim of this research project is to investigate the factors that
contribute to farmers’ vulnerability to climate change and variability; and how they make
adaptation decisions based on the resources they have access to.

As part of this project, 1 would like to invite you to take part in answering a questionnaire. This
activity will involve you answering a few questions on how climate change and variability is
affecting your farming activities and measures you are adopting to cope with its impact. The
exercise will take about 30 - 40 minutes to be completed. The exercise will require you to fill
out the questionnaire yourself or in a situation where you cannot do so, the researcher or a field
assistant will assist in writing down the answers you provide. You may also be asked to grant
permission to take the researcher around your farm for observation and pictures to be taken on
a later date.

There will be no personal costs to you if you participate in this project. You will not receive
any direct benefits from participation but there are no disadvantages or penalties if you do not
choose to participate or if you withdraw from the study. You may withdraw at any time or not
answer any question if you do not want to. The answers provided will be completely
confidential and anonymous as | will not be asking for your name.

If you have any questions during or afterwards about this research, feel free to contact me on
the details listed below. This study will be written up as a research report which will be
available online through the university library website. With your permission the data collected
will be stored and used for secondary analysis. If you have any concerns or complaints
regarding the ethical procedures of this study, you are welcome to contact the University
Human Research Ethics Committee (Non-Medical), telephone +27(0) 11 717 1408, email
hrecnon-medical@wits.ac.za

Yours sincerely,
Arin Hassan

Researcher: Arin Hassan
Email: 2196141 @students.wits.ac.za
Phone Number: +27 840760278 (SA), +2347036150422 (NGR)

Supervisor: Professor Jasper Knight
Email: Jasper.Knight@wits.ac.za
Phone Number: +27 117176508
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Appendix 11: Participant information sheet for farmers’ group discussion
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UNIVERSITY OF THE WITWATERSRAND
JOHANNESBURG
Participant Information Sheet
Farmers’ Group Discussion

Dear Sir / Madam,

My name is Arin Hassan and | am a PhD student in Geography and Environmental Studies at
the University of the Witwatersrand, Johannesburg. As part of my studies, | have to undertake
a research project, and I am investigating farmers’ vulnerability to climate change and
variability, and how these changes affect their livelihood activities; under the supervision of
Professor Jasper Knight. The aim of this research project is to investigate the factors that
contribute to farmers’ vulnerability to climate change and variability; and how they make
adaptation decisions based on the resources they have access to.

As part of this project, | would like to invite you to take part in a focus group discussion which
will be conducted in an outdoor area where COVID 19 protocols can be adhered to. This
activity will involve you sharing your opinions and answering a few questions contained in the
discussion schedule and will take about 1 hour to be completed. With your permission, | would
also like to record the focus group discussion using a digital audio device and take photographs
using a digital camera.

There will be no personal costs to you if you participate in this project. You will not receive
any direct benefits from participation but there are no disadvantages or penalties if you do not
choose to participate or if you withdraw from the study. You may withdraw at any time or not
answer any question if you do not want to. Although I will not be asking for your name, the
discussion will be conducted in a group, hence confidentiality and anonymity cannot be
guaranteed. However, any information you give to me will be held securely and not disclosed
to anyone else.

If you have any questions during or afterwards about this research, feel free to contact me on
the details listed below. This study will be written up as a research report which will be
available online through the university library website. With your permission the data collected
will be stored and used for secondary analysis. If you have any concerns or complaints
regarding the ethical procedures of this study, you are welcome to contact the University
Human Research Ethics Committee (Non-Medical), telephone +27(0) 11 717 1408, email
hrecnon-medical@wits.ac.za

Yours sincerely,
Arin Hassan

Researcher: Arin Hassan
Email: 2196141 @students.wits.ac.za
Phone Number: +27 840760278 (SA), +2347036150422 (NGR)

Supervisor: Professor Jasper Knight
Email: Jasper.Knight@wits.ac.za
Phone Number: +27 117176508
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Appendix 12: Participant information sheet for key informant interviews
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UNIVERSITY OF THE WITWATERSRAND
JOHANNESBURG
Participant Information Sheet
Key Informants Interview

Dear Sir / Madam,

My name is Arin Hassan and | am a PhD student in Geography and Environmental Studies at
the University of the Witwatersrand, Johannesburg, South Africa. As part of my studies, | have
to undertake a research project, and I am investigating farmers’ vulnerability to climate change
and variability, and how these changes affect their livelihood activities in Plateau State,
Nigeria; under the supervision of Professor Jasper Knight. The aim of this research project is
to investigate the factors that contribute to farmers’ vulnerability to climate change and
variability; and how they make adaptation decisions based on the resources they have access
to.

As part of this project, | would like to invite you to take part in an interview. This activity will
involve you answering a few questions about how changes in climate has affected farming
activities and general livelihood in your community, and this will take about 20 - 30 minutes
to be completed. With your permission, the interview with be conducted face to face and |
would also like to record the interview using a digital audio device and take photographs using
a digital camera.

There will be no personal costs to you if you participate in this project. You will not receive
any direct benefits from participation but there are no disadvantages or penalties if you do not
choose to participate or if you withdraw from the study. You may withdraw at any time or not
answer any question if you do not want to. The interview will be completely confidential and
anonymous as | will not be asking for your name but if you are speaking in an official capacity,
your designation will be reported and therefore you may be potentially identifiable. However,
any information you give to me will be held securely and not disclosed to anyone else. | will
be using a pseudonym (false name) or official title to represent your participation in my final
research report.

If you have any questions during or afterwards about this research, feel free to contact me on
the details listed below. This study will be written up as a research report which will be
available online through the university library website. With your permission the data collected
will be store and used for secondary analysis. If you have any concerns or complaints regarding
the ethical procedures of this study, you are welcome to contact the University Human
Research Ethics Committee (Non-Medical), telephone +27(0) 11 717 1408, email hrecnon-
medical@wits.ac.za

Yours sincerely,

Arin Hassan

Researcher: Arin Hassan

Email: 2196141 @students.wits.ac.za

Phone Number: +27 840760278 (SA), +2347036150422 (NGR)

Supervisor: Professor Jasper Knight
Email: Jasper.Knight@wits.ac.za
Phone Number: +27 117176508
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Appendix 13: Consent form for household survey participant

Consent Form

Household survey participants

Title of Project: Assessing livelihood vulnerability and adaptation to climate variability and
change among farming households in Plateau State, north-central Nigeria.
Researcher: Arin Hassan

agree to participate in this research project. The project
has been explained to me and I understand what my participation will involve. | agree to the
following:

(Please circle the relevant options below).

| agree that my participation will remain anonymous YES NO
| agree that the researcher may use anonymous quotes in his research report YES NO
| agree that the interview may be audio recorded YES NO

| agree that photographs of observed farm and farming activities may be taken ~ YES NO

| agree that the information provided may be used anonymously after this project
has ended, for academic purposes by other researchers subject to their own

ethics clearance being obtained YES NO

Name of participant .........................
Signature ..o,
Date ..o

Name of researcher ...........................

Signature ..o
Date ...
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Appendix 14: Consent form for focus group discussion participants

Consent Form

Focus group discussion

Title of Project: Assessing livelihood vulnerability and adaptation to climate variability and
change among farming households in Plateau State, north-central Nigeria.
Researcher: Arin Hassan

Lo agree to participate in this research project. The project
has been explained to me and I understand what my participation will involve. | agree to the
following:

(Please circle the relevant options below).

| acknowledge that my participation may not be anonymous or confidential

because it is a discussion group YES NO
| agree that the researcher may use anonymous quotes in his research report YES NO
| agree that the focus group activities may be audio recorded YES NO
| agree that photographs may be taken YES NO

| agree that the information provided may be used anonymously after this project
has ended, for academic purposes by other researchers subject to their own ethics

clearance being obtained YES NO

Name of participant .........................
Signature ..o,
Date ..o

Name of researcher ...........................

Signature ..o
Date ..o
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Appendix 15: Consent form for key informant interviews

Consent Form

Key informant interviews

Title of Project: Assessing livelihood vulnerability and adaptation to climate variability and
change among farming households in Plateau State, north-central Nigeria.
Researcher: Arin Hassan

agree to participate in this research project. The project
has been explained to me and I understand what my participation will involve. | agree to the
following:

(Please circle the relevant options below).

| agree that my participation will remain anonymous YES NO
| agree that the researcher may use anonymous quotes in his research report YES NO
| agree that the interview may be audio recorded YES NO
| agree that photographs may be taken YES NO

| agree that the information provided may be used anonymously after this project
has ended, for academic purposes by other researchers subject to their own

ethics clearance being obtained YES NO

Name of participant .........................
Signature ..o,
Date ..o

Name of researcher ...........................

Signature ..o
Date ...
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Appendix 16: Field assistants’ confidentiality agreement form

CONFIDENTIALITY AGREEMENT
This agreement is to acknowledge that the information provided by research participants during
the data collection process on the research titled “Assessing livelihood vulnerability and
adaptation to climate variability and change among farming households in Plateau State,
north-central Nigeria” is confidential. Therefore, research assistants and translators involved
in the handling of data agree not to disclose any of the information provided without the express
permission of the researcher and research participants.

Name Of RESEAICNEI . . ...,
SIgNATUN . .o

Name of Research Assistant/Translator: ........c.coooouemm i

Signature: ...,
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Appendix 17: Data collection photographs (a) focus group discussion, (b) farm

observation, and (c) household questionnaire survey
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