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Abstract

Ghana exemplifies the challenges that smallholder farmers in Sub-Saharan Africa face. Ghana’s
significant vulnerability primarily stems from its rain-fed agrarian dependency, over-dependence
on natural resources and the prevalence of smallholder farmers. Extreme weather events which
are linked to climate change, including changes in precipitation, floods, heat waves and droughts,
have significantly damaged agricultural production in Ghana. Ghana’s agricultural sector is
largely based on exploiting natural resources, with extensive crop and livestock production
systems, rain-fed agriculture, hunting, and fishing from natural water bodies. The sector directly
absorbs 36 per cent of Ghana’s labour force—albeit highly informal, composed of 80 per cent
smallholder farmers. Climate change is projected to adversely affect Ghana’s agricultural sector
stability with the country’s millions of smallholder farmers particularly vulnerable and least
empowered to address climate impacts. These farmers are dependent on rain-fed agriculture and
are highly exposed and vulnerable to climate-related hazards, yet they possess limited capacity to

adapt.

This thesis examines the complex dynamics of climate change adaptation among smallholder
farmers in the Talensi district, a climate-vulnerable district in Ghana’s Guinea Savannah agro-
ecological zone. Using mixed methods, including focus group discussions, institutional
interviews and household surveys, the research explores the interplay of factors influencing
farmers’ adaptation decisions, the role of intersectionality in shaping adaptive capacities, and the
effectiveness of institutional interventions. Findings reveal that all farmers employ at least one
adaptation action to mitigate climate risks, with planting improved crop cultivars being the most
common (89%) and raising additional livestock the least adopted (19%). Adaptation decisions
are shaped by a complex web of variables, including farmers’ perceptions, livelihood capitals,

and institutional support.

The thesis also highlights the unequal adaptive capacities within communities, driven by the
intersection of socio-demographic identities (e.g., age, gender, and education) with livelihood
resources. This intersectional lens uncovers deep-seated inequalities in climate adaptation,
underscoring the importance of addressing the diverse vulnerabilities of heterogeneous farmer
groups. Institutional interventions play a critical role in enhancing adaptation, with institutions

providing training, technology transfer, input supply, and marketing support. However,

Xviii



challenges such as resource constraints, donor priorities, and inadequate policy frameworks limit
the sustainability and effectiveness of these interventions. The thesis advocates for coordinated
and context-specific strategies that integrate complementary adaptation actions, adopt an
intersectional approach and leverage cross-institutional synergies to ensure inclusive and
equitable adaptation outcomes. By addressing the interconnections between farmer adaptation
behaviours, socio-economic realities, and institutional support, this thesis provides actionable

insights to strengthen adaptive capacity in smallholder farming systems in Ghana.

Keywords: Climate change adaptation, Ghana, institutions, intersectionality, smallholder

farmers, Talensi district.
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Chapter One

Background and problem formulation
1.1 Introduction

This thesis examines the complex dynamics of climate change adaptation among smallholder
farmers in the Talensi district, a climate-vulnerable district in Ghana’s Guinea Savannah agro-
ecological zone. Using mixed methods, including focus group discussions, institutional
interviews and household surveys, the research explores the interplay of factors influencing
farmers’ adaptation decisions, the role of intersectionality in shaping adaptive capacities, and the

effectiveness of institutional interventions.

Climate change—"a change in the state of the climate that can be identified (e.g., by using
statistical tests) by changes in the mean or the variability of its properties and that persists for an
extended period, typically decades or longer” (Intergovernmental Panel on Climate Change
[IPCC], 2022a, p. 2902)—and climate change-induced phenomena, including climate variability'
and extreme weather events® have been labelled as the most systemic threat to humankind
(United Nations Secretary-General, 2018; Talanow et al., 2021), which poses a pressing global
challenge (Amoah & Simatele, 2021; IPCC, 2023) that is an unequivocal and consolidated fact
(Romm, 2020). According to the World Meteorological Organization (WMO) (2021), climate
change is not only about temperature. It is bringing multiple different changes in various
geographical regions across the globe. For example, it intensifies the water cycle and brings
more intense rainfall, associated flooding, and drought in many areas. It also affects rainfall
patterns, with precipitation likely to increase in high latitudes and projected to decrease over
significant parts of the subtropics. Changes to monsoon precipitation are expected to vary by
region. Climate change also leads to significant climatic extremes. For instance, extreme
precipitation events can result in high runoff, flooding, and soil erosion, while low precipitation
can cause persistent drought and reduce agricultural productivity (Kogo et al., 2021; Sedata et al.,

2025).

! “Deviations of some climate variables from a given mean state (including the occurrence of extremes, etc.) at all spatial and temporal scales
beyond that of individual weather events” (IPCC, 2022a, p. 2903).
2 “An event that is rare at a particular place and time of year” (IPCC, 2022a, p. 2908).
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Every region on Earth is facing the reality of climate change in multiple ways (IPCC, 2023; Adil
et al., 2025). Changes to the climate system have already occurred in every region across the
globe at an unprecedented scale. These changes are unavoidable and will increase with additional
warming in a rapidly warming climate (WMO, 2024a; United Nations Environmental
Programme Finance Initiative [UNEP FI], 2024). Under future climate change, such changes will
occur more frequently (WMO, 2024a). The impacts on societies and economies caused by
changes to temperature and rainfall differ, with developing countries disproportionately affected
(Figure 1) despite the fact that developed countries contribute more to global climate change

(IPCC, 2023; Bergman, 2025).
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Figure 1: Climate Risk Index: Overall ranking 2022

Source: Adil et al. (2025, p. 49-50)

The TPCC (2022b) asserts that Africa is particularly vulnerable to climate change impacts
because of widespread poverty, governance challenges, limited access to essential services and
resources, frequent violent conflicts, and a high dependence on climate-sensitive livelihoods.
Africa is at a tipping point (IPCC, 2014; WMO, 2024b). It is home to some of the world’s
harshest climates and most vulnerable populations (Global Commission on Adaptation [GCA] &
World Resources Institute [WRI], 2019; United Nations Environmental Programme [UNEP],

2021; Overland et al., 2022). The rate of temperature increase across Africa exceeds the global



average and is likely to bring devastating impacts, including drought, increased average
temperatures and hot extremes. There is also a projected increase in extreme rainfall in Africa
(UNEP, 2021; WMO, 2024b; Getachew et al., 2025). For millions of people across Africa,
climate change means intense and more frequent floods, storms and droughts. These account for
up to 90% of all climate-related disasters annually (World Food Programme [WFP], 2021).
Water availability, agriculture, food security, human health and well-being across Africa are
being and will continue to be adversely affected. These climate change impacts are also
anticipated to result in the spread of pests and diseases and the loss of fauna and flora (Atanga &
Tankpa, 2021). Climate change and extreme weather events, therefore, are pressing concerns in
Africa (Omondi et al., 2014; Getachew et al., 2025) because the well-being of most households
depends on land-based activities, negatively affecting peoples’ livelihoods (Epule et al., 2018;
WMO, 2024b).

In Africa, Ghana is a climate change hotspot, ranking high among countries most vulnerable to
climate change impacts (Antwi-Agyei & Nyantakyi-Frimpong, 2021; World Bank, 2022; Asante
et al., 2024). Ghana has, for example, experienced increased temperatures, extreme rainfall
regimes and major catastrophic events, including floods, droughts and wildfires, over the past
decades (Environmental Protection Agency [EPA], 2020; World Bank, 2021; Smits et al., 2024).
Temperature trends between 1989 and 2015 have increased by about an average of 1.0°C across
the country (Asare-Nuamah & Botchway, 2019; Klutse et al., 2020). Also, Ghana’s annual
rainfall trends have changed with significant average rainfall reductions (EPA, 2020; Bessah et
al., 2021; Lente et al., 2024). The implication is that farmers should expect more extreme events,
including floods, droughts and wildfires in the future, with negative consequences for Ghana’s
agricultural systems (Kyere-Boateng & Marek, 2021). This situation is particularly worrying as
erratic precipitation patterns have severe consequences for agricultural production, and only two

per cent of Ghana’s irrigation potential has been tapped (World Bank, 2021).
1.2 Impacts of climate change on agriculture

Globally, it is well-documented that agricultural systems contribute to climate change while
simultaneously suffering drastically from its impacts (Abdollahzadeh et al., 2023; FAO et al.,
2024; Liao et al., 2023; Shaffer-Morrison et al., 2025). Extreme weather events linked to climate

change, impact every aspect of agriculture and affect the local populations and communities



dependent on it for their livelihoods (United Nations Framework Convention on Climate Change
[UNFCCC], 2023; FAO, 2023; Tong et al., 2024). For example, extreme weather events can
disrupt planting seasons, reduce water availability, and damage crops. Additionally, rising
temperatures stress plants and decrease yields (Gwambene et al., 2023; Baffour-Ata et al., 2025).
Globally, smallholder farmers®, who often lack resources and depend on rain-fed agriculture, are
particularly vulnerable to climate change (United Nations Development Programme [UNDP],
2021; Food and Agriculture Organization [FAO] et al., 2024). For example, resource limitations
can increase smallholder farmers’ vulnerability*— discussed further in Chapter 2—to climate-
exacerbated weather events because they lack the resources needed for recovery. This lack of
resources further constrains their ability to invest in adaptive practices that could mitigate
vulnerability in the short and long term (Berry et al., 2011; Ojumu et al., 2020; Ali et al., 2025).
Their limited capacity to adapt’—adaptation is discussed further in Chapter 2—to changing
weather patterns and absorbing financial losses from production failures exacerbates their

vulnerability (FAO et al., 2024; Gwambene et al., 2023).

While climate threats to agriculture are global, Africa remains the most affected region (Epule et
al., 2023; Alliance for Green Revolution in Africa [AGRA], 2023). The exposure of Africa’s
agriculture is exacerbated by persistent poverty, limited infrastructure development, and weak
capacity to adapt (AGRA, 2023; African Union [AU], 2023). For example, since 1961, climate
change has reduced total agricultural productivity growth in Africa by 26% to 34%. This
reduction is more than in any other region of the world (Ortiz-Bobea et al., 2021). In Africa,
Sub-Saharan Africa (SSA) has been recognised as one of the most climate-vulnerable regions
(Campbell et al., 2023; WMO, 2024b). Climate change is a significant challenge to SSA
agriculture where agricultural production relies heavily on rainfed systems and adaptive
capacity® remains limited (Olsson et al., 2014; IPCC, 2023). One-fifth of SSA’s economic
output and 60% of its labour force depend on agriculture (Woetzel et al., 2020; IPCC, 2022b).

* Smallholder farmers account for approximately 90% of the world’s farmers and 80% of all farms in SSA. These farmers typically own less than
two hectares of land, with farming often serving as their primary, and sometimes only, source of income (UNDP, 2021; FAO et al., 2024).

4 Vulnerability refers to the degree to which a system, community, or individual is susceptible to and unable to cope with the negative impacts of
climate change, shaped by sensitivity, exposure and adaptive capacity (IPCC, 2022a).

° Adaptation is the process of adjusting to actual or expected climate change and its impacts to moderate harm or take advantage of beneficial
opportunities (IPCC, 2022a).

¢ Adaptive capacity refers to the ability of a system, community, or individual to adjust to climate change impacts, moderate potential damages,
take advantage of opportunities, or respond to consequences (IPCC, 2022a).



However, with 97% of agricultural production systems relying on rain-fed agriculture, the sector

remains particularly vulnerable (Mafongoya & Ajayi, 2017; AGRA, 2023).

Figure 2 shows that countries in SSA, along with South Asia, are exposed to high agricultural
risks from a range of climate hazards. In summary, the economies of SSA are largely driven by a
growing population of smallholder farmers. Smallholder farmers in SSA are increasingly
exposed to climate risks, including reduced rainfall, rising temperatures, and more frequent
extreme weather events (Ayanlade et al., 2022; Azine et al., 2025). Climate change impacts
disproportionately affect these farmers, who form 80 per cent of the labour force in the
agriculture sector but are the least empowered to address climate impacts (AGRA, 2023). They
depend almost exclusively on rain-fed agriculture in largely subsistence production systems with
constrained adaptive capacities (FAO & the African Union Commission [AUC] 2022; AGRA,
2023).
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Figure 2: High agricultural risk for different climate hazards in SSA

Source: GCA & WRI (2019, p. 24)
1.3 Adapting to the impacts of climate change

Climate change is a global crisis with localized impacts that require context-specific solutions
(Wang et al., 2023; Talha et al., 2025). The current magnitude and pace of climate change are
unprecedented. As climatic changes amplify the vulnerability of farming communities, farmers
must adapt their production systems to cope with climate risks and opportunistically utilise

prevailing conditions to secure agricultural productivity and livelihoods (Fiissel, 2007b; IPCC,



2023; Nondlazi et al., 2025). The promotion of Climate Smart Agriculture is viewed as central to
responses to climate change throughout the Global South. While this thesis focuses primarily on
adaptation, it is imperative to recognize that Climate-Smart Agriculture (CSA) encompasses both

adaptation and mitigation strategies (Lipper et al., 2014; Kabato et al., 2025).

While adaptation in agriculture refers to the strategies that enhance smallholder farmers’ ability
to cope with climate variability and change, mitigation efforts in agriculture focus on reducing
greenhouse gas emissions (Maraseni et al., 2021; Kabato et al., 2025). Although CSA integrates
both approaches, this research prioritizes adaptation because smallholder farmers in Ghana’s
Guinea Savannah agro-ecological zone are highly vulnerable to climate change impacts (Antwi-
Agyei & Nyantakyi-Frimpong, 2021; Abunyewah et al., 2024). Their immediate concern is
securing food production and livelihoods rather than mitigating emissions, which, while
important, is often a secondary consideration in resource-constrained farming communities
(Thornton et al., 2018). Therefore, this thesis situates CSA primarily within an adaptation
framework, acknowledging that while mitigation has long-term global benefits, adaptation

remains the most urgent need for smallholder farmers facing immediate climate risks.

Climate adaptation—defined as adjusting human or natural systems to actual or expected climate
impacts, to moderate harm or exploit beneficial opportunities (IPCC, 2022a)—is critical for
advancing global socio-economic development under current climatic changes (O’Neill et al.,
2014; Nondlazi et al., 2025; Callahan, 2025). Adaptation has thus become imperative, requiring
further action in the short term to anticipate and prepare for future climate change (IPCC 2022b;
Morrison et al., 2022; Zorita et al., 2025).

Adaptation is happening globally, especially in Africa and Asia, where the most commonly
documented area of adaptation focuses on the agricultural sector (Berrang-Ford et al., 2021;
Haque et al., 2023). Since there is no “silver bullet” solution for climate change (Pinkse & Kolk,
2010; p. 261), adaptation is the best possible strategy for minimizing climate impacts (Fiissel &
Klein, 2006; IPCC, 2014; Nondlazi et al., 2025). While smallholder farmers in SSA have
historically demonstrated the ability to adapt to climatic risks (Gbegbelegbe et al., 2018;
Baffour-Ata et al., 2025), without appropriate farm-level interventions and responses, climate
change will continue to impact the agricultural sector and increase poverty levels in SSA

(Derbile et al., 2022; Nondlazi et al., 2025). Consequently, adaptation in the agriculture sector



has become a priority in SSA (FAO & AUC, 2022; Gudina & Alemu, 2024). Adaptation occurs
across multiple scales, both national and local, spanning various sectors and involving a diverse
range of actors, including individual farmers, households and communities, policymakers, and

institutions (IPCC, 2022b; Buzasi et al., 2024; Maskell et al., 2025).

Adaptation efforts exhibit regional variations and are shaped by multiple, interrelated factors,
including socio-demographic and psycho-social attributes, livelihood capitals, and institutional
support mechanisms (e.g. Adeagbo et al. 2023; Asante et al. 2024; Ali et al., 2025). Therefore,
this thesis investigates the dynamics of climate change adaptation among smallholder farmers,
emphasizing three interconnected themes: (1) factors influencing smallholder farmers’
adaptation actions, (2) the role of intersectionality in shaping farmers’ adaptive capacity, and (3)
the influence of institutions in enhancing climate adaptation. The overarching goal is to provide
evidence-based insights for fostering inclusive and sustainable adaptation strategies in climate-

vulnerable communities.

In the following section, I discuss the problem formulation that shapes the focus, scope, and
direction of the research, and demonstrate why the research matters, how it fills critical gaps, and

its broader implications for climate adaptation, intersectionality, and institutional support.
1.4 Problem formulation

Ghana exemplifies the challenges that smallholder farmers in SSA face. Smallholder farmers are
farmers engaged in agricultural activities on a small scale, typically characterised by limited land
holdings, often less than two hectares. These farmers primarily rely on family labour and
traditional farming methods, and their production is primarily for subsistence, with any surplus
sold in local markets (United Nations Development Programme [UNDP], 2021; Swanepoel et al.,
2025). In Ghana, smallholder farmers constitute over 80% of the agricultural workforce and play
a crucial role in food security by producing the majority of staple crops and livestock, which
enhances nutritional quality and increases resilience to climate change and market volatility.
Their importance extends beyond production to employment generation, rural livelihoods, and
the preservation of indigenous agricultural knowledge (Ministry of Food and Agriculture

[MoFA], 2022; Yeboah et al., 2025).



However, this group of farmers is also among the most vulnerable to climate change. Their
vulnerability stems from multiple interlocking factors, including their dependence on rain-fed
agriculture, limited access to irrigation, inadequate extension services, insecure land tenure
arrangements, poor infrastructure, and restricted access to credit and insurance schemes.
Furthermore, their exposure to increasingly erratic rainfall patterns, prolonged droughts, and
extreme weather events—combined with constrained adaptive capacity—undermines their

ability to respond effectively to climate shocks (EPA, 2020; Incoom et al., 2025).

In common with SSA generally, Ghana’s significant vulnerability primarily stems from its rain-
fed agrarian dependency, over-dependence on natural resources and the prevalence of
smallholder farmers (EPA, 2020; MoFA, 2022; Alhassan et al., 2025). Ghana’s agricultural
sector is largely based on exploiting natural resources, with extensive crop and livestock
production systems, rain-fed agriculture, hunting, and fishing from natural water bodies (Ghana

Statistical Service [GSS], 2020).

While climate change is a global issue, its impacts are manifested differently across regions. The
severity and nature of these impacts are influenced by the agro-ecologies of specific
geographical zones (Jamshidi et al., 2019; Sedata et al., 2025). Due to Ghana’s diverse agro-
climatic conditions and production systems, its agriculture sector faces climate change effects
whose causes, frequency, and severity vary between regions, commodities, and years, with
strong implications for localized risk management strategies (EPA, 2021). Thus, climate change
in Ghana is spatially and socially differentiated (Gyamerah et al., 2024). The level of
vulnerability varies depending on the Agro-ecological Zone (AEZ) (Adonadaga et al., 2022) (see
Section 3.4.1 for details on Ghana’s agro-ecological zones). Ghana’s Guinea Savannah zone
constitutes one of the climate change vulnerability hotspots in SSA (Asare-Nuamah & Botchway,
2019)—with projections of intense and frequent droughts, coupled with rising temperatures and

rainfall variability (World Bank, 2020).

The Guinea Savannah zone, where significant agricultural production is centred and poverty is
most severe, disproportionately experiences increased impacts of climate change, including
increasing extreme weather conditions, higher incidences and more prolonged periods of
flooding and droughts (Abunyewah et al., 2024)). The zone covers over 40 per cent of Ghana’s

total surface area, with approximately six million hectares of arable land with great potential for



commercial crop and livestock production (World Bank, 2017). However, the semi-arid climate
as well as its overdependence on the production of crops and livestock, which are sensitive to
climate change, make the region particularly vulnerable (GSS, 2020; MoFA, 2022). The zone is
projected to experience total crop failure approximately once every five years due to delayed or

diminished rains (World Bank, 2021).

As climate change and extreme weather events become unpredictable and more frequent, climate
change adaptation has become a key priority in Ghana (EPA, 2021; Opoku Mensah et al., 2023;
Antwi-Agyei et al., 2025). There are calls to support communities whose livelihoods depend on
natural and agricultural ecosystems to reduce their vulnerability (Dapilah & Nielsen, 2020;
Dapilah et al., 2020; Antwi-Agyei & Nyantakyi-Frimpong, 2021). Consequently, a number of
strategies to build the adaptive capacity of communities in Ghana have been concentrated in the
Guinea Savannah zone’s agricultural sector (Adu et al., 2018; Daz¢ & Echeverria, 2016) and for
smallholder farmers (Opoku Mensah et al., 2023). Numerous measures have been initiated to
support smallholder farmers to adapt to climate change impacts (EPA, 2020, 2021; Abunyewah
et al., 2024).

Adaptation actions employed by Ghanaian smallholder farmers can be bifurcated into on-farm
and off-farm adaptation actions (Opoku Mensah et al., 2023; Quarshie et al., 2023). On-farm
adaptation actions primarily involve crop management, soil/land management, water
management, livestock/poultry management, improved technology, and the enhancement of
social capital. These actions fall into two sub-categories: agricultural intensification and
agricultural extensification. Intensification actions include crop diversification, irrigation, disease
or drought-resistant crops, inorganic and organic fertilizer application, agroforestry, and natural
regeneration. Extensification actions involve farm relocation, fallow farming, and land rotation
(Opoku Mensah et al., 2023; Quarshie et al., 2023). Off-farm adaptation actions focus primarily
on livelihood diversification and migration (Opoku Mensah et al., 2023; Quarshie et al., 2023).

In this thesis, I explore the adaptation actions adopted by smallholder farmers. I identify these
actions, examine the determinants of smallholder farmers’ choices of action, and analyze the
factors that constrain their adoption. While recognising the difficulty of capturing the full
complexity of adoption decisions and limited consideration of technological and structural

drivers (Rodriguez-Barillas et al. 2024; Ricart et al., 2025), I investigate the relative influence of



perception, livelihood capitals and institutional interventions on smallholder farmers’ adoption of
a range of common adaptation actions to reduce their climate vulnerability. Also, informed by
the local and contextual nature of adaptation (Adger et al., 2004), I examine how multiple social
characteristics interact to shape adaptive capacities rather than considering them in isolation

(Thompson-Hall et al., 2016; Opoku Mensah et al., 2025).

This approach allows for a more nuanced understanding of vulnerability to climate extremes and
the identification of vulnerable groups. Additionally, it helps prevent the overshadowing of
complex local realities that could misguide policy formulation (Ravera et al., 2016; Puig et al.,
2025). Such consideration is critical because adaptation actions are not uniformly available or
equally effective for all farmers. Social identities such as gender, age, education, and access to
livelihood capitals intersect to determine who has access to adaptation opportunities and who
faces constraints (Nyantakyi-Frimpong, 2020; Opoku Mensah et al., 2025). Such a deeper
understanding of the interconnections between socio-cultural categorisations (such as race, class
and gender) applied to actors (such as smallholder farmers) that create interdependent and
overlapping systems of discrimination, disadvantage or exclusionary practices is an essential

aspect of adaptive capacity assessment (Nyantakyi-Frimpong, 2020; Puig et al., 2025).

Some determinants of adaptive capacity are primarily local (e.g., strong local networks), while
others reflect broader socio-economic and political factors as well as the prevailing enabling
environment (e.g., institutional support) (Smit & Wandel, 2006; Atampugre, 2018). Therefore,
the research described in this thesis recognises that adaptation does not take place in an
‘institutional vacuum’ (Agrawal, 2008, p. 19). Instead, institutions are viewed as critical in
enabling, constraining, and shaping adaptation actions (IPCC, 2022b; Madaki et al., 2025) as
they can contribute to conditions that guide households and collectives to adopt specific actions
(Azhoni et al., 2024; UNFCCC, 2020). They play a vital role not only in shaping adaptation but
also in enhancing the capabilities of the most vulnerable social groups within society (Agrawal,
2008). Institutional involvement in adaptation encompasses changes in formal institutional
arrangements and informal routines and norms in response to climate change (Patterson, 2021;

Birchall et al., 2025).

In this thesis, I focus on the adaptation actions fostered by formal institutions because they are

tangible and can be empirically compared across cases (Liu & Fan, 2023). Also, because Ghana
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is regarded as having a well-established rural governance infrastructure, mainly dominated by
formal institutions that promote practices to reduce farmers’ vulnerability and maintain

sustainable livelihoods (Yomo et al., 2020).

While previous studies in Ghana have examined, in isolation, aspects of climate change
adaptation (e.g., Antwi-Agyei & Nyantakyi-Frimpong, 2021; Opoku Mensah et al., 2023),
adaptation and intersectional analysis (e.g. Lawson et al., 2020; Nyantakyi-Frimpong, 2020;
Alare et al., 2022) and institutional support (e.g. Yomo et al., 2020; Musah-Surugu et al., 2019;
Tahiru et al., 2019), research is limited that seeks to integrate these dimensions to understand
their interconnections and implications for smallholder farming systems. Therefore, I aim to fill
this research gap by offering an integrated analysis of the factors that shape farmers’ adaptation
decisions and the broader institutional and socio-economic landscapes that influence these

Processces.

In the following section, I discuss the research gaps further to highlight the need for the research
and establish its contribution to academic knowledge and practical applications. I aim to place
this thesis within the broader academic discourse, demonstrate its theoretical, methodological,

and practical significance, and justify the research questions.
1.5 Research gaps

Despite the increasing scholarly attention on climate change adaptation, significant research gaps
remain in understanding how smallholder farmers in ecologically vulnerable regions like
Ghana’s Guinea Savannah zone navigate climate risks. Existing literature has primarily focused
on isolated aspects of climate change adaptation, often neglecting the complex interactions
between adaptation actions, adaptation and intersectional analysis and institutional support. I
provide a holistic perspective by exploring the relationships between adaptation actions, social
inequalities, and institutional interventions to emphasize the need for policies that recognize the
interconnected nature of adaptation and institutional dynamics. Accordingly, I address three key
research gaps as they relate to knowledge of adaptation among smallholder farmers in the Guinea

Savannah zone of Ghana.
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1.5.1 Limited understanding of the determinants of climate change adaptation

While previous studies in the Guinea Savannah zone of Ghana have explored the factors
influencing smallholder farmers’ adaptation actions, they have largely examined these factors in
silos. Although these studies provide rich insights into the factors that influence the adoption of
adaptation actions, significant research gaps remain (Asante et al., 2024). These gaps arise
because most existing research concentrates on specific factors influencing farmers’ adoption
decision-making even though the factors that influence agricultural technology adoption are
varied. Such concentration results in a lack of comprehensive research that examines the
multifaceted factors influencing the adoption of climate change actions (Tong et al. 2024). For
example, there is a critical gap in understanding smallholder farmers’ latent climate perception
factors and how these perception factors influence agricultural technology adoption (He et al.,

2022; Gudina & Alemu, 2024; Azine et al., 2025).

While climate perception is a central feature of farmers’ adaptation decisions (Grothmann & Patt,
2005; Azine et al., 2025), the adaptation literature, especially in the developing world often
focuses on the significance of resources available to farmers to develop strategies within a
specific institutional context to achieve sustainable livelihood outcomes (He et al., 2022; Azine
et al., 2025). Also, the IPCC (2022b) posits that with more countries and regions prioritising
adaptation in the face of increasing severity of climate change, the role of institutions in climate

change adaptation warrants greater attention.

Another major gap is that previous studies often assume that farmers adopt only one action at a
time on their farms. Hence, such studies focus on individual adaptation actions (Asante et al.,
2024). However, farmers are more likely to adopt a combination of adaptation actions to address
their production challenges, highlighting complementarity among these actions—an analysis
often overlooked in adaptation studies (Adeagbo et al., 2023). Therefore, there are calls to further
investigate and understand the factors influencing smallholder farmers’ adoption of multiple
adaptation actions and their complementarity (Gudina & Alemu, 2024). Also, smallholders’ lived
experiences and their unique contexts shape their adaptation behaviours (Llewellyn & Brown,
2020). However, these factors are often overlooked in studies of practice adoption in Ghana

(Asante et al., 2024) and other regions (e.g. Aqib et al., 2024). Consequently, there are research
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and knowledge gaps in understanding how perception, livelihood capitals, and institutional
interventions—both individually and in combination—influence smallholder farmers’ adaptation

choices in Ghana.

While recognising the difficulty of capturing the full complexity of adoption decisions and
limited consideration of technological and structural drivers (Rodriguez-Barillas et al., 2024;
Ricart et al., 2025), I investigate the relative influence of perception, livelihood capitals and
institutional interventions on smallholder farmers’ adoption of a range of common adaptation
actions to shape their adaptation decisions and reduce their vulnerability (see Chapter 4). I also
assess whether adaptation actions complement each other, providing deeper insights into

farmers’ decision-making processes.
1.5.2 Lack of intersectional analysis in climate change adaptation studies

Adaptation research has often treated smallholder farmers as a homogeneous group, overlooking
the diversity of experiences within farming communities. Simply put, adaptation research and
policy still fail to reflect the priorities of many people (Puig et al., 2025). In Ghana, most studies
of agriculture’s vulnerability focus on farm-level, technical adaptation strategies (e.g. Opoku
Mensah et al., 2023), with limited research conducted on smallholder farmers’ adaptive capacity
(e.g. Abdul-Razak & Kruse, 2017). While existing research has significantly advanced our
understanding of climate impacts and adaptation, few studies have focused on specific aspects of
adaptation and intersectional analysis in Ghana. For example, Lawson et al. (2020) focused on
understanding intersectional perceptions and adaptation actions of women farmers. Also, Alare
et al. (2022) examined how inter-gender dynamics influenced access to social networks. Such
vulnerability analyses based on gender, class, religion, and other factors are inadequate as they
risk homogenising entire groups. Ensuing interventions may, therefore, miss the actual needs of
countless individuals (Nyantakyi-Frimpong, 2020). Thus, existing studies in Ghana have largely
overlooked intersectional analysis examining the nuanced vulnerabilities to climate extremes, the
varying impacts on diverse yet equally exposed groups, and how such dynamics shape adaptive

capacities among diverse yet equally exposed groups (Nyantakyi-Frimpong, 2020).

Echoing earlier studies in Ghana (e.g. Abdul-Razak & Kruse, 2017), I operationalised adaptive

capacity based on the five capitals—human, social, natural, physical and financial—of the
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Sustainable Livelihood Framework (SLF) (Chapter 5). These capitals influence farmers’ actions
to mitigate climate change impacts within an existing enabling environment of policy and
institutional frameworks (Scoones, 1998). I adopted the SLF to define the components
contributing to smallholder farmers’ adaptive capacity, as outlined by Ellis (2000) and Scoones
(1998). The SLF evaluates livelihoods by considering people’s access to various capitals, how
they combine and use the capitals to build capacity and create livelihoods, and how they can
expand their capitals through interaction with other actors and institutions (Scoones, 1998). Such

studies have been termed first-order capacity assessments (Elrick-Barr et al., 2022).

I seek to enhance this first-order adaptive capacity assessment by applying an intersectional
approach to adaptation, analysing how indicators of smallholder farmers’ stocks of capital and
other socio-demographic characteristics intersect to support or constrain adaptive capacity. This
analysis is important to reveal how inequalities influence adaptation opportunities and
vulnerabilities. Nyantakyi-Frimpong (2020) qualitatively demonstrated how farmers’ social
characteristics intersected to deepen their vulnerability. He highlighted the need for more
intersectional analysis to better understand vulnerability to climate extremes in Ghana. To
advance this research, I align with the growing calls for empirically grounded intersectional
research to understand the diversity of actors pursuing adaptation, how intersecting identities
shape their adaptation in a highly diverse context, and what policies could promote more
equitable adaptation within and across heterogeneous communities (Agrawal & Gibson, 1999;
Erwin et al., 2021). Such intersectional research fosters a more nuanced and critical analysis of

climate change and inequality dynamics (Arora-Jonsson, 2011; Hopkins, 2018; Puig et al., 2025).
1.5.3 Institutional constraints and the sustainability of adaptation interventions

Although institutions have been recognised to play important roles in enabling smallholder
farmers’ adaptation, corresponding research in this area is largely under-explored (He et al.,
2022; Azhoni et al., 2024), especially in developing countries such as Ghana (the location of this
research) (Yomo et al., 2020; Tahiru et al., 2019). IPCC (2022b) recommended intensifying
smallholder farm-level research to understand how institutions shape farmers responses to
climate impacts and support their adaptation behaviours (IPCC, 2022b; Petzold et al., 2023),
particularly in climate-sensitive areas (He et al., 2022). Such a focus has significant implications

for developing climate change actions to address farmers’ vulnerability (He et al., 2022).
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Realising complex and ambitious goals, such as effective adaptation (UNFCCC, 2020), climate
equity and justice (Kerr et al., 2022), and the Sustainable Development Goals (SDGs) (United
Nations [UN], 2015; Pradhan et al., 2025), requires institutions to continue to be active in

promoting adaptation (IPCC, 2022b; Witinok-Huber et al., 2025).

In this thesis (Chapter 6), I highlight the interfaces between institutional interventions and farmer
adaptation behaviours. I investigate how institutions influence the adaptation behaviours of
smallholder farmers to navigate climate-related risks and effectively adapt. In Ghana, there is a
lack of empirical research on various institution-led adaptation actions, their outcomes, and the
challenges limiting the implementation of adaptation actions. I focus on the institutional
landscape (nature and goals of the identified institutions), institutional accessibility (how
adaptation actions are facilitated) and institutional linkages (coordination among institutions and
connection to communities) for vulnerable smallholder farmers (identified by Agrawal, 2008) . I
also document the challenges that limit the effectiveness and sustainability of institutional
adaptation support to smallholder farmers. To understand the role and influence of institutions in

adaptation, I consider three dimensions of their operations: scale, scope and sustainability.

By addressing these research gaps, I contribute to a more comprehensive understanding of
smallholder farmers’ adaptation to climate change. I provide novel insights into how adaptation
actions are shaped by social identities and institutional constraints and offer recommendations

for developing more inclusive and sustainable adaptation policies.

In the next section, I reframe these gaps as a specific research objective and a series of research
questions that provide direction, coherence, and academic rigour to my thesis. The research
questions then guide the choice of methodology, structure the analysis, and ensure practical

relevance to help shape academic discourse and policy interventions discussed later in the thesis.
1.6 Research objective and questions

The overall objective of this thesis is to examine the dynamics of climate change adaptation
among smallholder farmers by analyzing the factors that shape their adaptation actions, the role
of intersectionality in determining adaptive capacities, and the effectiveness of institutional

interventions.

15



To address the research objective, I designed the following research questions structured around

key themes and sub-themes to fill the identified research gaps.

Research question 1: Which factors influence climate change adaptation by smallholder

farmers?

Sub-research questions:

1. How do perception, livelihood capitals and institutional intervention, individually and in
combination, influence smallholder farmers’ adoption of a range of common adaptation
actions to reduce their vulnerability to climate change?

ii. Is smallholder farmers’ adoption of multiple adaptation actions complementary?

iii. What rationale—based on smallholder farmers’ lived experiences of unique contexts —
explains smallholder farmers’ practice adoption?

Research question 2: What role does intersectionality play in shaping adaptive capacity of

smallholder farmers?
Sub-research questions:

1.  How do indicators of smallholder farmers’ stocks of capital and other socio-demographic
characteristics intersect to either support or constrain their climate adaptation efforts?
ii. What smallholder farmers’ narratives about their lived experience provide insight into

social categories and their intersections?
Research question 3: What roles do institutions play in enhancing climate change adaptation by
smallholder farmers?
Sub-research questions:

i.  What are the various institution-led adaptation actions and their outcomes for smallholder
farmers?

ii. What challenges limit the implementation of institutional adaptation actions?

In the next section, I discuss the structure of my thesis to serve as a roadmap to guide readers

through the research, ensuring clarity, coherence, and logical flow. By clearly outlining the thesis
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structure, readers—including examiners, researchers, and policymakers—can navigate the study,
understand its organization, and grasp how different sections contribute to the overall argument.
For a hybrid thesis, where my chapters are structured as journal articles, explaining the thesis
structure is important to show how the papers contribute to addressing the overarching research

questions.
1.6 Structure of the thesis

I adopted a thesis by compilation model and structured the thesis as a combination of chapters
with publications and manuscripts under review. Overall, the thesis is organized into eight (8)

chapters.

Chapter 1 provides the foundation for my thesis. I introduce the research background and outline
the problem formulation. I define the research objectives and questions, highlighting the
significance of the research within the broader discourse on climate change adaptation,
intersectionality, and institutional support for smallholder farmers. Finally, I present the thesis

structure and conclude by linking to the theory review in Chapter 2.

Chapter 2 provides a literature review of theories underpinning climate change vulnerability and
adaptation, intersectionality, and institutional support. I critically examine vulnerability and
adaptation frameworks, situating them within social-ecological systems thinking. Also, I explore
the role of institutions in shaping adaptation pathways, providing the theoretical lens through
which the empirical findings are interpreted. Again, I set the stage for the subsequent empirical

chapters by highlighting key debates in existing literature.

Chapter 3 outlines the research methodology and context. 1 outline the research design,
methodology, and data collection techniques used in the thesis. I explain the mixed-methods
approach I employed, including focus group discussions, institutional interviews and household
surveys. I describe the study context—the Talensi district in Ghana’s Guinea Savannah agro-
ecological zone—in detail, focusing on its climatic challenges, livelihood systems, and
institutional landscape. I also discuss the ethical considerations and data analysis methods used

in the research.
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Chapter 4 examines the factors which influence adaptation among smallholder farmers. Here, 1
present the first set of empirical findings in the form of a manuscript submitted to a peer-
reviewed journal for publication. It examines how smallholder farmers’ perceptions, livelihood
capitals, and institutional interventions influence their adoption of various adaptation strategies. |
explore the complementarity of adaptation actions and the rationale—farmers’ lived

experiences—behind farmers’ adaptation behaviours and choices.

Chapter 5 is an article published in the peer-reviewed journal, Climate and Development. It
explores the role of intersectionality in shaping adaptive capacity. I delve into the intersectional
dimensions of climate adaptation, investigating how socio-demographic factors, including
gender, education, age and wealth intersect with livelihood capitals to influence farmers’
adaptive capacity. I highlight the unequal adaptation opportunities within farming communities
and underscore the need for policies that address social differentiation in climate adaptation

planning.

Chapter 6 investigates the role of institutions in supporting adaptation. This chapter is presented
as a manuscript submitted to a peer-reviewed journal for publication. I examine institutional
interventions aimed at supporting smallholder farmers’ adaptation efforts. I analyze the types of
adaptation support provided by institutions and their sustainability. Additionally, I identify key

institutional barriers that hinder the implementation of adaptation initiatives.

Chapter 7 integrates findings from the three empirical chapters to provide a general discussion. I
synthesize insights on adaptation actions, intersectionality, and institutional support. I reflect on
how these factors interact and influence smallholder farmers’ adaptive capacities, highlighting
the broader implications for climate adaptation policy and practice. I synthesis empirical findings
to theoretical debates, emphasizing the need for multi-scalar and intersectional approaches to

adaptation planning.

Chapter 8 concludes the thesis with reflections on key findings, limitations, and
recommendations for future research. In this final chapter, I synthesize the key contributions of
my thesis, reflecting on its methodological, empirical, and theoretical significance. I revisit the
research questions and discuss how the study’s findings contribute to climate adaptation

literature. Also, I acknowledge the study’s limitations and suggest directions for future research,
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particularly in exploring the long-term impacts of adaptation strategies and institutional

interventions.
1.7 Conclusion

In this chapter, I introduced the research focus, framed the key problem areas, and outlined the
objectives and significance of the study. I established the necessity of examining climate change
adaptation through an integrated lens that considers adaptation actions, intersectionality, and
institutional support. In the next chapter (Chapter 2), I build on this foundation by undertaking a
literature review of theories that guide this research, offering insights into how vulnerability,
adaptation, and institutional mechanisms shape smallholder farmers’ responses to climate risks. I
critically engage with existing theories and applications to build the theoretical foundation for

the research.
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Chapter Two

Conceptualising climate change vulnerability, adaptation, intersectionality and

institutional support: A theory review
2.1 Introduction

This chapter presents a review of the main themes and concepts related to this research. It
critically analyses the key concepts underpinning this research and their interconnectedness. The
chapter explains how vulnerability and adaptation are positioned within existing theoretical
discourses, particularly concerning the impacts of climate change on social-ecological systems.
The chapter adopts a multi-theoretical approach (e.g. Quinlan et al., 2016; Khalil, 2021) to
provide in-depth insights into relevant literature and develop an understanding of the contextual
issues of climate change vulnerability and adaptation, intersectionality, and institutional support
as they relate to and are shaped by three conceptual areas of this thesis: 1. factors influencing
climate change adaptation by smallholder farmers, 2. the role of intersectionality in shaping
adaptive capacity of smallholder farmers, and 3. the role of institutions in enhancing climate

change adaptation.

In the following section, I discuss the conceptualizations and definitions of vulnerability. I aim to
provide theoretical clarity and scope for the study. How vulnerability is understood directly
influences how it is measured, interpreted, and addressed. By clearly defining and
contextualizing vulnerability within the scope of my thesis, I ensure consistency in analysis and

enhance the validity of my findings.
2.2 Conceptualizations and definitions of vulnerability

Theoretical traditions from geography, environmental science, hazard studies, food security,
economics, sociology, health and anthropology in the geophysical sciences have significantly
shaped vulnerability research (Eakin & Luers, 2006; Paul, 2014). These traditions focus on
addressing risks, responses and their associated welfare outcomes (Paul, 2014). However,
debates, internal tensions and disciplinary integration within the vulnerability research
community remain highly diverse (Miller et al., 2010; Adger, 2006). Vulnerability is a complex

concept that varies depending on multiple factors, including environmental, social, economic,
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geographic, institutional, governance, demographic and cultural factors (Thornton et al.; 2006;

Ford et al., 2018; IPCC, 2022b).

While there are multiple interpretations of vulnerability (Thornton et al., 2006; Reed et al., 2013),
there is no consensus on its precise definition (Gallopin, 2006; Fellmann, 2012). Despite this
diversity, there is a consensus on the key attributes of the concept of vulnerability—it is multi-
dimensional, site-specific, scale-dependent and dynamic (O’Brien et al., 2007; Turner et al.,
2003). As a foundational stage of planning for climate change, understanding climate
vulnerabilities involves responding to climate change by assessing its impacts’ and risk®;
planning and implementing adaptation® (adaptation is further discussed in Section 2.6); making
contingency arrangements for when impacts occur; addressing losses; and monitoring and

evaluating climate change adaptation efforts (UNFCCC, 2021).

Vulnerability is defined as a state of susceptibility to harm arising from exposure to stresses
associated with social and environmental change, coupled with a lack of capacity to adapt (Smit
& Wandel, 2006; Adger, 2006). Nelson et al. (2007, p.396) defined vulnerability as the
“susceptibility of a system to disturbances determined by exposure to perturbations, sensitivity to
perturbations, and the capacity to adapt”. Vulnerability has also been defined by the IPCC
(2022a, p. 2927) as the “propensity or predisposition to be adversely affected. It encompasses a
variety of concepts and elements, including sensitivity or susceptibility to harm and lack of
capacity to cope and adapt”. The state of vulnerability is closely linked to the capacity to
respond—an individual, community, or nation is considered vulnerable if it is open to harm as a
result of climate change due to its limited capacity to respond to the threat (Eriksen & Kelly,
2007).

The source of vulnerability lies in the nature of properties and activities within interconnected
Socio-ecological Systems (SES)—complex adaptive systems that enable interactions between

environmental and social agents and factors, facilitating change (Anderies et al., 2004; Ostrom,

7 “Effects on lives, livelihoods, health and well-being, ecosystems and species, economic, social and cultural assets, services (including ecosystem
services) and infrastructure. Impacts may be referred to as consequences or outcomes and can be adverse or beneficial” (IPCC, 2022a, p. 2912).

8 “The potential for adverse consequences for human or ecological systems, recognising the diversity of values and objectives associated with
such systems. In the context of climate change, risks can arise from potential impacts of climate change as well as human responses to climate
change” (IPCC, 2022a, p. 2921).

°“In human systems, the process of adjustment to actual or expected climate and its effects, in order to moderate harm or exploit beneficial
opportunities. In natural systems, the process of adjustment to actual climate and its effects; human intervention may facilitate adjustment to
expected climate and its effects” (IPCC, 2022a, p. 2898).

21



2009; Schliiter et al., 2019)—(Turner et al., 2003). With consideration of these definitions,

vulnerability refers to the following:

a. The nature of properties and activities within interconnected SES (Turner et al., 2003).

b. The state of susceptibility of SES (Schliiter et al., 2019); and

c. Harm arising from exposure to stresses linked to social, environmental, economic,
cultural, and ecological changes that is compounded by limited adaptive capacities

(Berrouet et al., 2018).

In this section, I established the foundational conceptualizations and definitions of vulnerability,
highlighting its complexity and multidimensional nature. However, understanding vulnerability
to climate change requires more than just definitions; it demands a nuanced exploration of how
vulnerability is interpreted within different analytical frameworks. To build on this foundation
and deepen the analytical perspective, in the next section, I explore two general interpretations of
vulnerability: the end-point (or outcome) approach and the starting-point (or contextual)
approach. I aim to elucidate their theoretical underpinnings and demonstrate their implications

for climate change adaptation.
2.3 General interpretations of vulnerability

There are two general interpretations of vulnerability: the end-point approach and the starting-
point approach (Kelly & Adger, 2000; Fiissel & Klein, 2006). These interpretations of
vulnerability are more succinctly summarised as outcome vulnerability and contextual
vulnerability (O’Brien et al., 2007) (see Figure 3). The distinction between outcome vulnerability
and contextual vulnerability interpretations roughly corresponds to the first- and second-
generation studies defined by Burton et al. (2002). They are not simply about the different
interpretations of vulnerability but fundamentally different framings of climate change (O’Brien

et al., 2007).

Framings influence the questions asked, structure the kind of knowledge produced and determine
what is included or omitted within the domain (Forsyth, 2003; O’Brien et al., 2007; Kanarp et al.,
2025). For example, the definition of vulnerability used in the IPCC Third Assessment Report

defined the concept as “the degree to which a system is susceptible to, or unable to cope with,
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adverse effects of climate change, including climate variability and extremes” (IPCC, 2001, p.
225). This definition sees vulnerability as a “function of the character, magnitude, and rate of
climate change and variation to which a system is exposed, its sensitivity, and its adaptive
capacity” and is an example of outcome vulnerability (IPCC, 2001, p. 225). Conversely, Nelson
et al.’s (2007, p. 396) definition of vulnerability as the “susceptibility of a system to disturbances
determined by exposure to perturbations, sensitivity to perturbations, and the capacity to adapt”
is an example of contextual vulnerability. Outcome and contextual vulnerability are further

elaborated upon in the following section.

Outcome/End-point Vulnerability Contextual/Starting-point Vulnerability
[ Climate Change ] Political and ) Social and Economic
. Climate Change
l Institutional Structures ALl Structures and
and Changes Y Changes

[ Exposure Unit ]

[ Sensitivity ]
|

Contextual Biophysical
Conditions

Adaptive . Contextual
capacity Vulnerability
. . Social and

[ Adaptive Capacity ] Technological

[ Potential Impact ]

Responses ]

l Institutional, Biophysical,
Technological, Social and
Outcome Vulnerability ] Economic Responses

Figure 3: Frameworks for depicting outcome and contextual vulnerability to climate change

Source: Adapted from Smit et al., 1999; Allen Consulting Group, 2005; O’Brien et al., 2007;
Pearson & Langridge, 2008

The theoretical and disciplinary foundations of outcome vulnerability are rooted in the physical
sciences (Pearson & Langridge, 2008; Okpara et al., 2016). Outcome vulnerability adopts a

positivist (reductionist) epistemological perspective'® and focuses on a single or well-defined

197t focuses on quantifiable impacts of climate hazards, emphasizing measurable cause-and-effect relationships while largely excluding social,
cultural, and contextual factors.
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group of hazards'! or drivers of change (Okpara et al., 2016). Outcome vulnerability represents a
linear approach to conceptualising vulnerability. It emphasizes the future impacts of climate
change on SES and the corresponding responses to these pressures (O’Brien et al., 2007; see
Figure 1). This perspective prioritizes the susceptibility of SES to the net effects of climate
change after accounting for potential (future) adaptation measures (Kelly & Adger, 2000; Okpara
et al, 2016). In essence, it views vulnerability as the residual risk remaining after the

implementation of adaptive responses (O’Brien et al., 2007).

The outcome interpretation of vulnerability aligns with risk-hazard and integrated vulnerability
approaches. It is particularly relevant for informing mitigation and compensation policy options
aimed at estimating and reducing the costs of climate-related hazards (Fiissel & Klein, 2006;
Bennett et al., 2016). This framing primarily emphasizes mitigation strategies and technological
solutions for adaptation (Résénen et al., 2016; Fellmann, 2012). Analyzing outcome vulnerability
involves projecting future emission trends, developing climate scenarios, evaluating biophysical
impacts, and identifying response options (Kelly & Adger, 2000). To reduce outcome
vulnerability involves reducing exposure through mitigation or developing adaptations to limit

negative outcomes (O’Brien et al., 2007).

Outcome vulnerability studies, which define vulnerability in terms of net impacts, tend to frame
adaptive options as fixes, often technological, aimed at minimizing specific projected impacts.
Consequently, policy recommendations focus on sector-specific measures, such as introducing
drought-resistant seeds or implementing infrastructure changes tailored to projected climate
changes, thus, restricting the nature and scope of adaptive measures that are likely to be
considered (Eriksen & Kelly, 2007; Atampugre, 2018). The outcome vulnerability approach
often overlooks the role of human systems in shaping the outcomes of such events (Zurovec et
al., 2017) and frames affected people as passive victims in the face of active threats and hazards
(Wisner, 2004). It emphasizes outcome indicators rather than the state of a system before a

hazard event occurs (Zurovec et al., 2017).

The contextual vulnerability interpretation has its theoretical and disciplinary foundations rooted

in the social sciences (Pearson & Langridge, 2008; Okpara et al., 2016). It adopts a constructivist

11 “The potential occurrence of a natural or human-induced physical event or trend that may cause loss of life, injury or other health impacts, as
well as damage and loss to property, infrastructure, livelihoods, service provision, ecosystems and environmental resources” (IPCC, 2022a, p.
2911).
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epistemological perspective'? (Miller et al., 2010; Pearson & Langridge, 2008). The contextual
vulnerability approach conceptualizes vulnerability as a state determined by the inherent
characteristics of a system before it encounters a hazard event. Social vulnerability, which results
from the social and economic characteristics of a system, is considered an inherent characteristic
(Adger & Kelly, 1999; Zurovec et al., 2017). The contextual interpretations view people as
active agents who are adaptive and possess the capacity to withstand and respond to climate
change (Wisner, 2004). Thus, it is specific to context, purpose, place, and time, ensuring the
active involvement and perspectives of assessors in identifying stressors'?, impacts, and adaptive

options (Adger, 2006; Fellmann, 2012).

It has been noted that a common question that emerges from contextual interpretations is “what
can be done to strengthen people’s own capacity to respond and adapt?”, rather than “what can
be done to protect the population?” as emerges from the outcome interpretation. Such an analysis
focuses on the fundamental causes and drivers of vulnerability, thereby enabling the
identification of a broader range of adaptive options and policy interventions (Eriksen and Kelly,
2007, p. 505). Contextual vulnerability conceptualizes vulnerability as a pre-existing condition
within society, emphasizing the importance of understanding climate change experiences by
examining the interplay between sensitivity, exposure and adaptive capacity (Smit & Wandel,
2006). This approach highlights how socio-economic, cultural, and political factors interact
across time and space to shape diverse experiences of climate change. It offers a more nuanced
theoretical foundation for understanding the human—environment dynamics that shape lived

experiences of climate change (Ribot, 2010; Hanly & McDowell, 2025).

Contextual vulnerability frames vulnerability within the broader dynamics of SES (Bennett et al.,
2016). It focuses on the underlying processes that shape vulnerability through human-
environment interactions and the specific socio-ecological contexts in which these relationships
occur (Naylor et al., 2020). This approach assesses risk by examining the cyclical interactions
between social and biophysical factors, emphasizing how systemic conditions contribute to
vulnerability. Contextual vulnerability analyzes vulnerability from the perspective of individuals

or groups within society (Pearson & Langridge, 2008). This analysis is critical as the underlying

12 It considers vulnerability as socially constructed, shaped by dynamic interactions between social, political, and environmental factors,
emphasizing subjective experiences and contextual realities.

13 Events and trends, whether climate-related or not, that have an important effect on the system exposed and can increase its vulnerability to
climate-related risks (IPCC, 2022a)
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causes of vulnerability are not attributed solely to climate change but rather to the interactions
between contextual conditions and multiple processes of change (O’Brien et al., 2007). Also,
contextual vulnerability focuses on the historical factors or current characteristics of individuals,
households, communities, sectors, nations, etc. that determine their differential susceptibility to
harm (Bennett et al., 2016). This approach also emphasizes the importance of mitigating climate

change based on principles of equity and justice (Athanasiou & Baer, 2002; Adger et al., 2006).

Furthermore, in the context of climate change, contextual vulnerability refers to a system’s
current susceptibility to climate variability and change, shaped by multiple interacting processes
and factors (O’Brien et al., 2007; Okpara et al., 2016). It emphasizes present-day vulnerability
and the capacity for adaptation to existing climate impacts (Atampugre, 2018). This perspective
highlights the potential for social systems to reduce vulnerability by transforming contextual
conditions that enable effective adaptation (Atampugre, 2018). Lastly, it adopts “a
multidimensional and processual view of climate-society interactions” (O’Brien et al., 2007, p.
76). In this context, contextual conditions shape both exposure to climate change and
variability'?, as well as the potential responses to these challenges. In turn, these responses can
influence the very processes and conditions in which they occur (O’Brien et al., 2007). Reducing
contextual vulnerability, therefore, involves transforming the underlying context in which

climate change unfolds, thereby enabling individuals and groups to respond more effectively to

changing conditions (O’Brien et al., 2007).

Building on the discussion of the general interpretations of vulnerability—outcome and
contextual vulnerability—it is essential to delve deeper into the specific approaches to
vulnerability assessment. By examining the risk-hazard approach, entitlement and livelihoods
approach, and the integrative approach, I can better illustrate how different perspectives shape
our understanding of vulnerability as either an exposure to hazards, a social condition, or a
dynamic integration of exposure and societal resilience. With this exploration, I provide a
comprehensive framework to contextualize the empirical findings of this thesis, thereby

enriching the analytical lens through which I examine vulnerability and adaptation.

14 “Deviations of some climate variables from a given mean state (including the occurrence of extremes, etc.) at all spatial and temporal scales
beyond that of individual weather events” (IPCC, 2022a).
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2.4 Approaches to vulnerability assessment

“Vulnerability manifests in specific places at specific times” (Adger, 2006, P. 276). This
manifestation underscores its context-specific and dynamic nature, as it is tied to particular
places, times, and the perspectives of those assessing it (Smit & Wandel, 2006; UNEP, 2021).
Vulnerability assessment should, therefore, be an on-going process to highlight its spatial and
temporal scales of a particular region or community and offer valuable information to help
reduce risk (Luers, 2005; Eriksen & Kelly, 2007). Accordingly, the development of any one-
size-fits-all solution or general-purpose approach to asses vulnerability is problematic (Pearson
& Langridge, 2008). Theoretically, there are three approaches to vulnerability assessment (see

Fiissel & Klein, 2006; Fiissel, 2007a; Ribot, 2011; Tesso et al., 2012; Opiyo et al., 2014):

1. Risk-hazard approach—vulnerability as exposure to hazard;
2. Entitlement and livelihoods approach—vulnerability as social condition; and
3. Integrative approach—vulnerability as the integration of potential exposures and societal

resilience.

The risk-hazard approach is rooted in a positivist orientation >, employing a biophysical
vulnerability assessment to evaluate the extent of damage that a given environmental stress
causes to both biological and social systems (Tesso et al., 2012). This approach is associated
with outcome vulnerability (O’Brien et al., 2007; Kelly & Adger, 2000). It is generally a
quantitative impact assessment approach that evaluates multiple outcomes of a single climate
event (Ribot, 2011; Adger, 2006). The risk-hazard approach attributes the causes of risk and
vulnerability to the hazard itself, often tracing a linear causal relationship back to the hazard
(Atampugre, 2018). The risk-hazard approach employs theoretically developed measurable
indicators or characteristics to establish indices that represent the vulnerability of a system

(Welle & Birkmann, 2015).

The risk-hazard approach has proven valuable in providing a clear basis for comparing
vulnerability situations among ecological and human systems (Osman, 2023). However, this

approach has been criticized for failing to adequately incorporate the social dimensions of

15 The theoretical perspective of positivism is objectivism and relies on deterministic philosophy in which causes determine effects (Crotty, 2020;
Creswell & Creswell, 2023)
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climate risks and vulnerabilities (Adger, 2006) but focusing on evaluating and abating the costs
of climate impacts (Bennett et al., 2015). Omari (2018) explains this limitation in relation to
farmers, noting that they are vulnerable to factors affecting their livelihood options, such as
climate change, water stress and soil degradation, among others. Socioeconomic factors that
shape farmers’ adaptive capacity are considered irrelevant and assumed to remain constant.
However, two farming households may experience the same environmental or climatic
conditions but vary in their socioeconomic factors. The limitation of the risk-hazard approach
lies in its reliance on indicators developed primarily from expert knowledge, with minimal input
from vulnerable communities directly affected by hazards (Adger, 2006). Additionally, it
depends on data from national or regional censuses, which are computed at a broader scale and

can obscure the real vulnerability situations in micro-level systems (Morse & Fraser, 2005).

The entitlement and livelihoods approach is oriented towards social constructivism'® (Adger,
2006; Fiissel & Klein, 2006; Ribot, 2011). It locates causality in society, tracing the causes of
vulnerability to multiple environmental, socio-economic and political factors, which can make
exposure meaningful or not (Fiissel & Klein, 2006; Ribot, 2011). This approach emphasizes the
dispositions of social systems (households, communities, and sectors) that make them
susceptible to stressors (Bennett et al., 2015). Here, vulnerability is primarily attributed to the
social system (O’Brien et al., 2007; Smit & Wandel, 2006). The entitlement and livelihoods
approach depicts vulnerability as a lack of livelihood assets or entitlements necessary to sustain a
group or an individual in the face of climate-related hazards (Adger, 2006). Thus, this approach
highlights that groups or individuals within a community or household differ in their
vulnerability due to their differences in various factors, including gender, age, education, income,
access to credit, health status, access to information and technology, social networks, political

power and land ownership.

In essence, socio-economic vulnerability reflects socio-economic inequalities (Omari, 2018). A
key criticism of this approach is that it often overlooks or reduces the significance of
environmental factors which distorts the measurement of vulnerability (Adger, 2006; Omari,
2018). This approach assumes that all other factors, such as climatic and environmental

conditions remain constant and have no significant influence on vulnerability. However, in

!¢ The theoretical perspective of constructivism is the belief that meaning is constructed through subjective interrelationships with the world—
there is no existence of reality without consciousness (Creswell & Poth, 2018; Creswell & Creswell, 2023).
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reality, this assumption is not the case. Communities and households are influenced by

environmental and socio-economic factors (Deressa et al., 2008).

The integrative approach adopts a pragmatist perspective!’ (Fiissel, 2007a). This approach seeks
to address the limitations of the risk-hazard and entitlement and livelihoods approaches by
integrating both to determine vulnerability (Fiissel, 2007a; Opiyo et al., 2014). It defines
vulnerability as an inherent property of socio-ecological systems (Adger, 2006; Birkmann et al.,
2013). The integrative approach views vulnerability as a function of anthropogenic and
biophysical factors, focusing on the interactions between them. Thus, it integrates both external
biophysical factors, such as exposure, and internal social dimensions, including a system’s
sensitivity and adaptive capacity (Fiissel & Klein, 2006). It assesses the combined effects of
biophysical and socio-economic factors (Ribot, 2011; Birkmann et al., 2013). There is however
no standard method for combining the biophysical and socio-economic indicators (Tesso et al.,
2012). An example of a successful methodology may be found in the work of Opiyo et al. (2014).
They incorporated environmental factors, such as rainfall, temperature, drought and flooding
with socioeconomic factors, including gender, age, access to credit, marital status and

remittances to assess the vulnerabilities of rural households in Kenya.

The integrative approach emphasizes the involvement of local communities in identifying and
analyzing context-specific experiences and information regarding local perceptions and climate
impacts on communities and individuals affected (Ayantunde et al., 2015; Agrawal et al., 2020).
It relies on participatory methods such as focus group discussions and interviews to collect data
on the causes, timing, and frequency of hazards, the severity of their impacts, and the strategies,
resources and institutional support available for reducing vulnerability (Janssen et al., 2006;
Ayantunde et al., 2015). From the perspective of the integrative approach, vulnerability is
viewed as the biophysical, socio-economic, and political advantages and disadvantages of an
individual or group that shape their capacity to anticipate, cope with, withstand, and recover
from a previous state of well-being after experiencing the impacts of hazards (Janssen et al.,
2006). This view acknowledges the multiple and complex sources of vulnerability, including
physical, natural, social, and cultural factors, as well as those resulting from decision-making,

policy formulation, and implementation (Freduah, 2016). Failure to consider these multiple and

17 A pragmatist perspective combines both biophysical and social dimensions of vulnerability, emphasizing practical, context-specific solutions
that bridge positivist and constructivist viewpoints.
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complex sources of vulnerability within a socio-ecological system can result in misguided
response strategies, potentially leading to significant unintended results or surprises (Adger,

2006; Puig et al., 2025).
2.5 Vulnerability and intersectionality

This thesis adopts an intersectional lens to understand how vulnerability to climate change is co-
produced by overlapping social identities and structural inequalities. Central to this framing is
the foundational work of legal scholar and critical race theorist Kimberly Crenshaw (1989, 1991),
who first coined the term ‘intersectionality’ to capture the unique and compounded forms of
discrimination experienced by Black women in the United States of America. Crenshaw’s work
has since become foundational in the social sciences, emphasising that experiences of
marginalisation cannot be fully understood through single-axis analyses of identity such as
gender or race alone (Hankivsky & Cormier, 2011; Ahlborg & Nightingale, 2018). In the context
of climate change, this perspective offers critical insights into how intersecting factors—
including gender, class, age, ethnicity, and spatial location—shape differentiated experiences of
vulnerability and access to adaptation resources (Ravera et al., 2016; Singleton et al., 2021).
Building on this tradition, this thesis engages intersectionality as an approach to explore how
power relations and structural constraints interact to shape smallholder farmers’ adaptive
capacities. This approach allows for a more nuanced understanding of vulnerability that avoids
oversimplification and ensures that adaptation interventions are responsive to the complex

realities on the ground (Thompson-Hall et al., 2016; Erwin et al., 2021).

The multiple and complex sources of vulnerability acknowledge that individuals’ experiences
with climate change vulnerability are influenced by intersectionality (Yimam & Holvoet, 2023;
Opoku Mensah et al., 2025)—how social identities, including gender, race, class, age, ability and
geography interact to create complex experiences and unique meanings within and between
social groups (Hankivsky & Cormier, 2011). This interaction shapes adaptation processes and
outcomes and enables a more accurate assessment that addresses inequalities and promotes
equitable programmes and policies to address such inequalities (Erwin et al., 2021). Thompson-
Hall et al. (2016) assert that intersectionality delves deeply into the multi-faceted identities of
farmers. It illuminates how these attributes coalesce to influence the vulnerability of diverse

individuals. Intersectionality facilitates the development of more nuanced understandings of the
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dynamic interplay between power structures and institutions and how they shape adaptive

capacity.

Intersectionality clarifies how social, economic, and political factors limit certain positionalities’
access to adaptation resources and participation in institutions, making them multiplicatively
vulnerable to social-ecological change (Ahlborg & Nightingale, 2018). Therefore, to attain a
more nuanced understanding of vulnerability to climate extremes and vulnerable groups, it is
vital to consider how multiple social characteristics such as gender, age, disability, religion, and
class in combination instead of in isolation (Thompson-Hall et al., 2016) shape adaptive

capacities and, subsequently, farmers’ level of vulnerability (Ravera et al., 2016).

In the next section, I delve into the components of vulnerability—exposure, sensitivity, and
adaptive capacity—to fully understand how these elements interact to shape the vulnerability of
SES. By unpacking these components, I provide a more nuanced analysis of vulnerability to
inform targeted adaptation actions and set the stage for a comprehensive examination of climate

change impacts and responses.
2.6 Components of vulnerability

In the context of the integrative approach to vulnerability assessment, the vulnerability of any
system, regardless of scale, depends on its exposure and sensitivity to harmful conditions, and
capacity (biophysical, social, economic, and political) to respond and adapt (Smit & Wandel,
2006; IPCC, 2014; 2022a). Thus, vulnerability is a function of the character, magnitude, and rate
of climate variations to which a system is exposed, its sensitivity to these changes (i.e.,
susceptibility to harm), and its adaptive capacity (i.e., the preconditions that enable adaptation)
(IPCC, 2014; 2022a). Vulnerability, therefore, has both external—a system’s exposure to climate
variations and other environmental factors—and internal—a system’s sensitivity to stresses and

adaptive capacity—dimensions (Adger, 2006; Fiissel & Klein, 2006).

As shown in Figure 4, exposure, sensitivity, and adaptive capacity are interrelated, dynamic, and
variable, with broad applicability to climate change (Weis et al., 2016). For example,
manifestations of climate change—such as seasonal temperature shifts, rainfall variability, and
extreme events including prolonged droughts and floods—pose significant risks to the SESs of

rural communities and households (Tong et al., 2024). These systems are exposed to a myriad of
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risks and changes that affect nearly every aspect of agriculture and the local communities that
depend on it for their livelihoods (United Nations Framework Convention on Climate Change
[UNFCCC], 2023). Enhancing adaptive capacity empowers socio-ecological systems, enabling
them to safeguard livelihoods and reduce vulnerability under extreme climatic stressors
(Abdollahzadeh et al., 2023). Accordingly, vulnerability assessment necessitates integrating

socioeconomic and biophysical approaches (Smit & Wandel, 2006).

Vulnerability
/ \
Potential Impacts Adaptive capacity
+ i
Exposure Sensitivity

Figure 4: Components of vulnerability and their interactions
Source: Locatelli et al. (2008, p. 6)

Note: The signs under the arrows indicate that high exposure, high sensitivity and low adaptive

capacity contribute to high vulnerability.
2.6.1 Exposure

Exposure is the extent to which people, livelihoods, ecosystems or species, environmental
services, infrastructure, functions, resources and socio-economic and cultural assets are at risk of
being adversely affected (Adger, 2006; IPCC, 2014; 2022a). According to Ericksen (2008), a
system must be first exposed to be vulnerable. Exposure is the extent to which a system comes

into contact with or is confronted with stressors, including people affected in a particular area by
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the size, rate and duration of climatic stressors (Adger, 2006; Smit & Wandel, 2006). Birkmann
et al. (2013, p. 200) succinctly put exposure as “the extent to which a unit of assessment falls
within the geographical range of a hazard event”. Exposure is conceptualized in terms of spatial
and temporal patterns, encompassing fixed physical attributes of social systems (e.g.,
infrastructure) and human systems (e.g., livelihoods) that are spatially tied to specific resources

and practices, which may also be subject to exposure (Birkmann et al., 2013).

Exposure is associated with variations in rainfall and temperature. An increase in exposure—
such as seasonal temperature changes, rainfall variability and extreme events, including
protracted droughts and floods—heightens vulnerability, particularly among farmers (Ide et al.,
2014; Teshome, 2016). Exposure is viewed as biophysical risks and household exposure to
stressors—including changes in meteorological conditions, such as rainfall and temperature, and
extreme events like floods, droughts and storms (O’Brien et al., 2004; Baffour-Ata et al., 2024)
and the broad range of social, economic, political, institutional, technological, environmental,
and demographic factors that affect farmers’ access to and availability of resources, opportunities,
services and markets (Fiissel & Klein, 2006; Antwi-Agyei et al., 2017) as these risks and

stressors hinder agricultural productivity and sustainability (Baffour-Ata et al., 2024).
2.6.2 Sensitivity

Sensitivity refers to the predisposition of SESs to be affected by environmental risks (Birkmann
et al., 2013). It is determined by the inherent characteristics of a system being exposed and the
extent of stress exerted on a particular system (Smit & Wandel, 2006). Sensitivity is the extent to
which a species or system is either beneficially or adversely affected by climate change or
variability. This effect is influenced directly or indirectly by the degree of the species or system’s
dependence on natural and climate-related resources or ecosystems, such as agriculture (Adger,
2006; IPCC, 2022a). It can serve as a gateway to exposing a system to stressors. However, an
insensitive system may close the system to adaptation and limit access to potential benefits or
new opportunities (Gallopin, 2006). Generally, sensitivity increases the impacts of exposure on

people and systems, leading to more adverse impacts (Omari, 2018).

Sensitivity is defined by human-environmental conditions. Specifically, the five capitals—

human, social, natural, physical and financial of the SLF, as further explained in Section 2.6.3
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Adaptive capacity either influences the adaptive responses of households and communities to
climate-related hazards or is adjusted (created or diminished) as a result of exposure to such
hazards. It highlights the degree to which livelihood capitals are susceptible to climate hazards
(see Atampugre, 2018). The main components of the SLF are the vulnerability context, stocks
and flows of livelihood assets, and institutions (processes and structures) which mediate access
to and use of assets in building livelihood strategies aimed at achieving livelihood goals
(Scoones, 1998). The vulnerability context encompasses the risk factors affecting a livelihood,
represented by shocks/hazards, trends, and seasonality (Chambers & Conway, 1992). According
to Osman, (2023), the livelihood assets, along with the institutional structures and processes, are
the primary causal factors influencing households’ sensitivity to shocks where institutional
processes and structures of the SLF shape the risk context of vulnerable people (see Osman,

2023).
2.6.3 Adaptive capacity

The concept of adaptive capacity, along with adaptation, has gained significant prominence in
recent years (Fidelman et al., 2017). For farmers, while models to describe and predict the
adoption of innovations abound (Montes de Oca Munguia et al. 2021), studies of climate change
adaptation have largely occurred through the lens of adaptive capacity. Adaptive capacity has
been particularly advancing within the vulnerability framework. The adjustments made to
address exposure and sensitivity are a reflection of adaptive capacity (Smit & Wandel, 2006). It
is considered a critical property of a system for reducing vulnerability by modulating exposure
and sensitivity (Engle, 2011) (Figure 4). It is closely related to or synonymous with several
commonly used concepts, including adaptability, coping ability, resilience, stability,
management capacity, robustness and flexibility (see Smit & Wandel, 2006). Adaptive capacity
reflects the ability of a system to adjust to sustain and reduce stressors from environmental

change (IPCC, 2014).

The Millennium Ecosystem Assessment ([MA], 2005) defines adaptive capacity as the ability of
a system to adjust to potential damage, exploit opportunities or respond to consequences. It has
been referred to as a system’s ability to adjust to or cope with the real or anticipated climate
impacts while maintaining or improving its conditions (Gallopin, 2006; Engle, 2011). According

to IPCC (2022a), adaptive capacity is the ability of humans, systems, institutions, and other
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organisms to adjust to potential damages, take advantage of opportunities, or respond to
consequences. The central role of adaptive capacity is widely recognized as an integral and
positive attribute or desirable property of a system to reduce vulnerability (Engle, 2011; Elrick-
Barr et al., 2022). Low adaptive capacity relative to exposure and sensitivity contributes to high
vulnerability. In contrast, high adaptive capacity mitigates the effects of exposure and sensitivity,

thereby reducing vulnerability (Thomas et al., 2019).

The core of vulnerability lies in a system’s susceptibility to adapt to socio-ecological risks,
primarily due to deficiencies in adaptive capacity (Smit & Wandel, 2006). Individuals, groups, or
systems with low adaptive capacity often struggle to manage continued changes or capitalize on
opportunities arising from climate change (Cinner et al., 2012). It presupposes that limited access
to assets, indicative of weak adaptive capacity among, for example, smallholder farmers as
examined in this thesis, leads to higher levels of vulnerability (Appiah & Guodaar, 2022;
Ferdous & Mallick, 2019). According to Adger (2003), the factors that influence the ability of a
socio-ecological system to adapt to hazards are considered the determinants of adaptive capacity.
Fidelman et al. (2017) identify these determinants as broad categories, including resources and
infrastructure, information and technology, organization and social capital, wealth and financial

capital, political capital, and institutions and entitlements.

The adaptive capacity of a household depends on its ability to utilize local resources and develop
short-term adjustments or long-term transitions to address crises which affect the availability and
access to resources (Nath & Arrawatia, 2025). These capitals influence farmers’ actions to
mitigate the impacts of climate change within an existing enabling environment of policy and
institutional frameworks (Scoones, 1998). These capitals are conceptualized as stocks that
households can store, accumulate, exchange, allocate and transform to develop different
livelihood strategies (Rakodi, 1999; Nath & Arrawatia, 2025). Adaptive capacity highlights how
farming households combine resources to develop livelihood strategies, emphasizing the
importance of using multidimensional measures, such as adaptive capacity, to assess human
agency (Quandt, 2018). Additionally, focusing on these capitals provides pathways to reducing
vulnerabilities and mitigating risks in all forms (Scoones, 1998; Nath & Arrawatia, 2025).

Institutional structures and processes are critical in building adaptive capacity (IPCC, 2022b).

Institutions act as anchors and scaffolding to reinforce adaptive capacity (Agrawal, 2008). In this
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context, adaptive capacity can be defined as the institutional preconditions that enable adaptation
to socio-environmental changes (Fidelman et al., 2017). These institutional preconditions
comprise the inherent characteristics of institutions that empower social actors to respond to
short- and long-term impacts (Gupta et al., 2010) (see Section 2.6.3). Here, Fidelman et al.
(2017), drawing on the vulnerability framework, define institutional capacity in terms of
knowledge, financial, and technical resources that enable effective response mechanisms dealing

with adaptation and risk management.

Adaptive capacity aligns with the need to address the core thematic dimensions of
vulnerability—social dimension, economic dimension, physical dimension, cultural dimension,
environmental dimension and institutional dimension—within a holistic assessment process
(Birkmann et al., 2013). The social dimension of vulnerability is the propensity for human well-
being to be adversely affected by disruptions to individual and collective social systems and their
characteristics (e.g., gender disparities and marginalization of social groups). The economic
dimension refers to the propensity for loss of economic value resulting from damage to physical
assets or disruptions of productive capacity. The physical dimension discusses the potential for

damage to physical assets, such as infrastructure (Birkmann et al., 2013).

Within the cultural dimension of vulnerability, the potential for damage to intangible values,
such as the meanings attributed to customs, habitual practices, and natural landscapes is
discussed (Birkmann et al., 2013). The environmental dimension is used to refer to the potential
for damage to biophysical and ecological systems and their various functions, including specific
environmental services and ecosystem functions. Finally, the institutional dimension of
vulnerability discusses the potential for damage to governance systems, organizational structures
and functions, as well as the formal and informal rules that guide them (Birkmann et al., 2013;
Renaud, 2006). Most systems and assets exposed to hazards will exhibit more than one

dimension of vulnerability (Birkmann et al., 2013).

Exposure and sensitivity of socio-ecological systems create impacts that highlight the
perturbations exerted on these systems. It is possible to be exposed without being vulnerable.
However, to be sensitive—and thus vulnerable—exposure is a necessary precondition
(Atampugre, 2018). Together, they determine the potential impacts a species or system may

experience, which are moderated by its adaptive capacity (Turner et al., 2003). Neither
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sensitivity nor exposure accounts for a system’s capacity to adapt. A system may be highly
sensitive or exposed but that does not necessarily mean it is vulnerable (Adger et al., 2007;
Fellmann, 2012). Reidsma et al. (2007) differentiated between the potential and actual impacts of
climate change on a particular system. The potential impact is a function of exposure and
sensitivity without considering adaptive capacity. The actual impact is when adaptive capacity is
considered. Vulnerability is, therefore, the net impact that remains after adaptive capacity is
accounted for. The extent of adaptive capacity is responsible for varying degrees of vulnerability
among individuals or households within the same community (Smit & Wandel, 2006; Eakin &

Bojoérquez-Tapia, 2008).

In the next section, I delve into the concept of adaptation, linking it directly to the vulnerability
context previously established. I provide a holistic understanding of how to navigate and thrive
amidst climate change challenges. By exploring how systems are exposed and sensitive to
climate risks, and how adaptive capacity influences these dynamics discussed earlier, I
contextualize adaptation that can mitigate these vulnerabilities and provide practical solutions to
vulnerability. I start by discussing the conceptualizations and definitions of adaptation to clarify
the scope and focus of my research. How adaptation is defined influences the interpretation of
adaptive actions, the identification of influencing factors, and the evaluation of effectiveness. By
thoroughly exploring different conceptualizations, I position my study within the existing

literature, justify my analytical approach and provide a nuanced context for my research findings.
2.7 Conceptualizations and definitions of adaptation

The concept and practice of adaptation are not new and have expanded significantly in recent
years (Kotir, 2011; Berrang-Ford et al., 2021). Adaptation in the context of climate and
environmental change has been extensively researched, as evidenced by a wealth of existing
literature (Bawakyillenuo et al., 2016; Owen, 2020). Understanding adaptation relies on the
diverse and intersecting ways in which people know, experience, and respond to climate change
(Owen, 2020). Over the past decades, adaptation has become a central and widely acknowledged
component of the international climate policy and research agenda (Klein et al., 2014; Owen,
2020). In addition to the Paris Agreement, with Article 7 establishing climate adaptation as a key
issue for global governance (Persson, 2019), it received its own International Organization for

Standardization (ISO) standard [ISO 14090] in 2019. These developments solidify adaptation as
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a distinct area of research, practice and policy (Nalau & Verrall, 2021). However, there remains
a need to further understand how and where adaptation is occurring, share best practices,
prioritize adaptation financing, identify gaps and map evidence across regions and sectors

(Berrang-Ford et al., 2021).

At a fundamental level, adaptation appears straightforward—it involves adjusting actions,
behaviours, and decisions within social, biological, and built systems in response to climatic
changes (Smit & Pilifosova, 2003). Adjustments can be reactive—responding to events that have
already occurred—or anticipatory—preparing for future events or conditions (Smit et al., 2000;
Smit & Pilifosova, 2003). Adaptation inherently means dealing with deep uncertainty arising
from various factors, including uncertainties in emissions, climate system responses, societal
reactions, future global socio-economic developments and climate modelling (Hallegatte, 2009).
Adaptation is inherently contingent upon the specific events or conditions it is reacting to or
anticipating (Owen, 2020). While the field of climate change adaptation is relatively new, it
builds on decades of research into responses to environmental change (Liverman, 2015). It was
formulated as a fundamental concept in cultural ecology and hazard and risk studies in the latter

part of the 20th century (Head, 2009; Bassett & Fogelman, 2013; Owen, 2020).

In practice, adaptation suffers from a lack of clarity in its definition (IPCC, 2014). In positioning
adaptation within the context of climate change discourse, several authors have defined it in
holistic terms (Bawakyillenuo et al., 2016). From the perspectives of Adger (2003) and Smit &
Wandel (2006), adaptation refers to adjusting a system to cope with climate impacts in both
short-term and long-term processes. According to Nelson et al. (2007), adaptation refers to the
decision-making processes and the set of actions implemented to maintain the capacity to
address current or anticipated future changes. Similarly, adaptation may be defined as the
process of making adjustments to reduce the adverse impacts of climate on people’s health and
well-being while capitalizing on the opportunities provided by their climatic environment
(Eriksen et al., 2011). The IPCC (2022a) defines adaptation as adjusting natural or human
systems to actual or expected climate and its effects, to moderate harm or exploit beneficial

opportunities.

These definitions highlight the basic goals of adaptation: to increase adaptive capacity—the

ability to respond effectively to changing shocks and stresses to reduce or manage risks (Engle,
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2011); to enhance resilience—the ability of a socio-ecological system to maintain functionality
when confronted with stress and shocks (Nelson et al., 2010); and to reduce vulnerability—the
susceptibility to harm when exposed to external hazards (Yamin et al., 2005). These adaptation
goals are often interconnected (Smit & Wandel, 2006). A system with high adaptive capacity is
generally less vulnerable to harm, thereby becoming more resilient and better equipped to cope

with risks (Owen, 2020).

These definitions and goals of adaptation are important as they highlight the critical elements and
the complexity of adaptation, including a system’s adjustments to climate-related stressors and
vulnerability reduction (Atampugre, 2018). For example, the IPCC (2022a) definition of
adaptation emphasizes that societal change is essential for responding to shifts in a socio-
environmental system. Here, adaptation is perceived not as an object but as a process through
which social systems manage diverse changes, including climate change (Pelling, 2011; Eriksen
et al., 2015). This perspective broadens the scope of adaptation beyond environmental changes to

include adjustments to other forms of change, such as demographic and land-use changes.

Consequently, adaptation is framed as part of a broader development challenge (Masud-All-
Kamal, 2019; Amoah & Simatele, 2021). From this standpoint, Pelling (2011) argues that
adaptation efforts must address the root causes of vulnerability through incremental or
transformative changes in the socio-political system (see Section 2.10). Also, Nelson et al.
(2007) define adaptation as the processes of decision-making within a system, rather than merely
the adjustments a system makes in response to changing conditions or climatic stimuli'®. This
definition highlights the importance of understanding the nature of such changes and their effects
on a specific socio-ecological system to ensure that decisions do not inadvertently exacerbate the
impacts of those changes or reduce the system’s capacity to respond effectively (Freduah, 2016;
Schipper & Mukherji, 2024). These definitions imply that adaptation involves building adaptive
capacity to enhance the ability of a system—whether individuals, groups, or communities—to

adjust and implement adaptive strategies (Nelson et al., 2007).

Having explored the conceptualizations and definitions of adaptation, I now examine the

relationship between adaptation and the adoption of innovations. In the context of my research,

'8 Stimuli refer to stressors, events, hazards, doses, perturbations or disturbances. They are typically associated with climate or weather
conditions, as well as the ecological or human impacts of such conditions (Smit et al., 1999; Turner et al., 2003)
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understanding how smallholder farmers perceive, evaluate, and ultimately adopt adaptation
actions is vital for explaining the variations in adaptive capacity and outcomes. I discuss how
farmers’ decisions are influenced by several factors, including social, personal, economic, and

institutional factors.
2.8 Adaptation and adoption of innovations

In the context of adaptation to climate change by farmers, changes in practices have been
traditionally described through a diffusion of innovations lens (Rogers, 2003). The numerous
definitions of adaptation reveal several confluences that highlight the inherent characteristics of
the concept and its connections to the diffusion of innovations theory (Rogers, 2003;
Bawakyillenuo et al., 2016). According to Rogers (2003; p. 26) “an innovation is an idea,
practice, or object that is perceived as new by an individual or other unit of adoption”. Climate
change adaptation and adoption of innovations are related fields of research. Rodima-Taylor et
al.,, 2012, p.107) define innovations as “human adaptations to changing needs and socio-

economic conditions and are therefore embedded in social processes”.

In both adaptation and adoption, the characteristics of the innovation and those of the adopter, in
addition to local biophysical, socio-cultural and institutional contexts, mediate practice change
and may encompass the adoption of technology transfer across locations and interventions by

institutions.

Understanding current applications and adoption of adaptation relies on the multiple and
intersecting ways in which people perceive, experience, and respond to climate change (Owen,
2020). Adaptation efforts exhibit regional variations and are shaped by multiple, interrelated
factors, including socio-demographic and psycho-social attributes, livelihood capitals, and
institutional support mechanisms (e.g. Adeagbo et al. 2023; Asante et al. 2024; Ali et al., 2025).
Adopting innovations is a function of perception and available resources (Brullo et al., 2024;
Matos, 2025). For example, psycho-social attributes such as perception of need are the driving
force behind innovation, as they drive agents to develop solutions to identified issues such as
targeted adaptation measures (Rogers, 2003; Grothmann & Patt, 2005; Zhang et al., 2023) and

help policymakers to appreciate ground-level scenarios to refine climate change actions and
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interventions tailored to the local context (Akhtar et al., 2018; Panja & Mukhopadhyay, 2024;
Ricart et al., 2025).

Farmers’ climate perception is a complex process that incorporates various psychological aspects,
including knowledge, behaviours, opinions and practices related to changes in climate patterns
(Whitmarsh & Capstick, 2018). Perception denotes a range of judgments, attitudes and beliefs
shaped by exposure, memory, experience, expectation and definition (Taylor et al., 1988; Sam et
al., 2020). Eakin et al. (2016) and He et al. (2022) posit that farmers’ adaptation decisions are
shaped by their perception of climate change. Such perception is a critical element for assessing
adaptation strategies and the initial move towards adaptation (Gardezi & Arbuckle, 2018; Aliyar
et al., 2022; Chetto et al., 2025). Matos (2025) found that initiating and advancing adaptation
efforts depend not only on the presence of risks or vulnerabilities but also on key stakeholders’
perception and recognition of the problem. Individuals, institutions, and organizations that
perceive their climate risks to be high are more likely to take action to reduce their vulnerability

(Dilling et al., 2017; Brullo et al., 2024).

In regard to the above, farmers’ responses to climate change are more influenced by their beliefs
and attitudes than by the real climate trends themselves. Perception of climate change and
worrying about its impacts spur adaptation (Bohensky et al., 2016; Ricart et al., 2025). Evidence
also shows that individuals who perceive and understand the causes and consequences of climate
change are more concerned about its potential impacts and are therefore more likely to seek and
implement adaptive changes (e.g. Bremer & Linnenluecke, 2017; Brullo et al.,, 2024).
Consequently, in the context of climate risks, farmers form their climate-related risk perceptions
and adaptation perceptions, which in turn influence their decisions to adopt specific adaptation
measures (He et al., 2025). As a result, if farmers misjudge climate risks, they may either fail to
implement necessary adaptation measures or engage in maladaptive practices, ultimately leading
to increased vulnerability to climate threats (Jin et al., 2020; Hashmiu et al., 2022; Ricart et al.,

2025).

While climate perception and its impacts can motivate adaptive behaviour (Hyland et al., 2016),
farmers’ adaptation decisions and behaviours are also influenced by multiple external factors
(Smit & Skinner, 2002; Brullo et al., 2024). Also, farmers’ behaviours are strongly influenced by

environmental, personal and socioeconomic contexts (Findlater et al., 2018). Therefore, to better
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understand their adaptation behaviours, it is essential to investigate both internal factors (e.g.,
psycho-social attributes, socio-demographic and farming characteristics) and external factors
(e.g., institutional and biophysical conditions) (Khan et al., 2020; Talanow et al., 2021; Abbas et
al., 2022; Ricart et al., 2025). These factors act as barriers or supporters of adaptation behaviour.
They include access to resources and capital and societal and systemic support (Smit &

Pilifosova, 2003; Grothmann & Patt, 2005; Matos, 2025).

According to Brullo et al. (2024), resources are critical for adaptation and people with more
resources are more likely to adopt innovations (Runhaar et al., 2018; Matos, 2025). Resource
availability significantly influences the adoption of innovative adaptation measures. For example,
innovators—who readily adopt new ideas—often possess substantial resources that facilitate
their access to knowledge and innovative practices. This resource advantage enables them to
absorb potential failures associated with new implementations, thereby fostering a culture of

continuous innovation adoption and adaptation (Zhang et al., 2023; Matos, 2025).

Households combine and use a variety of resources to develop their livelihood strategies
(Scoones, 1998; Quandt, 2018; Atta-Aidoo & Antwi-Agyei, 2025). Therefore, a household’s
adaptive capacity is dependent on its ability to utilize local resources and develop short-term
adjustments or long-term transitions in livelihood strategies to effectively address crises
(Natarajan et al., 2022; Nath & Arrawatia, 2025). Sustainable livelihoods depend on households’
ability to manage trade-offs when using resources to generate income or expand their resource
base, even in the face of crises and constraints by interacting with other actors and institutions
(Scoones, 1998; Nath & Arrawatia, 2025). A household’s ability to effectively combine different
resources to absorb crises and adapt to future crises by learning from past experiences and

exposures determines its adaptive capacity (Sun et al., 2023; Nath & Arrawatia, 2025).

Again, social identities such as gender, age, education, and access to livelihood capitals intersect
to determine who has access to adaptation opportunities and who faces constraints. Such a
deeper understanding of the interconnections between socio-cultural categorisations (such as race,
class and gender) applied to actors (such as smallholder farmers) that create overlapping and
interdependent systems of discrimination, disadvantage or exclusionary practices is an essential
aspect of adaptive capacity assessment and adaptation (Nyantakyi-Frimpong, 2020; Puig et al.,
2025).

42



Feminist scholars and geographers emphasise a critical gendered perspective to understand how
gender shapes diverse groups’ vulnerabilities and adaptive capacities globally (Arora-Jonsson,
2011; Carr & Thompson, 2014). Other authors argue that the complexity of gender, often treated
as a dichotomous category upon which vulnerability can be neatly mapped, has been somewhat
oversimplified in climate change research. Such oversimplification neglects other complex social
characteristics (Thompson-Hall et al., 2016; Chaplin et al., 2019). For example, Deressa et al.
(2008) highlight the importance of age and gender in shaping farmers’ adaptive capacities and,
subsequently, adaptation to reduce their levels of vulnerability. Adaptive capacity is significantly
influenced by marital status, with women’s marital status, in contrast to that of men, playing a

critical role in defining their access to adaptive strategies (Yimam & Holvoet, 2023).

Lawson et al. (2020) and Opoku Mensah et al. (2025) found that migrant women farmers have
less land access than indigenes. Older farmers have greater access to land and are more likely to
have land tenure security than younger farmers. While married women with sons have better
land access, young, single women are more likely to migrate and less likely to implement
innovative adaptation strategies. Furthermore, higher levels of education are linked to higher
levels of adaptive capacities and lower levels of vulnerability (e.g. Muttarak & Lutz, 2014).
Intersecting vulnerabilities linked to being a woman and unskilled limit access to income
diversification opportunities. This limitation constrains their capacity to adapt to social-

ecological change (Erwin et al., 2021).

Institutions are omnipresent and serve diverse purposes in adaptation that include
operationalising adaptation campaigns (Stocker, 2014), mobilising climate funds (Yaro et al.,
2015), communicating climate change information (Bawakyillenuo et al., 2016), establishing
policy partnerships for effective adaptation (Béné et al., 2016) and delivering environmental
services to vulnerable groups and communities (Tahiru, 2019). Institutions can be conceptualized
as formal and informal rule-making systems, and actor networks at all levels of society that are
established to steer societies towards preventing, mitigating, and adapting to climate change
(Biermann et al., 2009; Patterson, 2021; Park, 2023). Thus, institutions are human-made
mechanisms that shape social and individual expectations, interactions, and behaviours (Agrawal,

2008; Park, 2023).
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For climate change adaptation, institutions are commonly categorised into two groups; formal,
which encompass tangible governance and organisational structures, and informal, which are the
uncodified ‘rules of the game’, cultural norms and traditions that govern the behaviour and
nature of human interaction (Jones et al., 2010, p.5; Mubaya & Mafongoya, 2017, p.94).
Collectively, institutions act to influence adaptation in three major ways: (i) they reduce the
vulnerability of smallholder farmers in a given socio-ecological context; (ii) they create an
incentive framework and shape how smallholder farmers collectively or individually respond to
climate change; and (iii) they mediate the effect of external interventions on climate adaptation
(Agrawal, 2008; Yomo et al., 2020). Communities’ vulnerability hinges on biophysical outcomes
and the place-based, socio-political and institutional framework that largely determines adaptive

capacity (Adger, 2006; Mubaya & Mafongoya, 2017).

Institutions help to foster diverse approaches to adaptation and are recognised as key actors in
knowledge production, risk and vulnerability mapping and community capacity building (Tahiru
et al., 2019). For example, institutional services play a crucial role in shaping farmers’ adaptation
behaviours in a changing environment (North, 1990; Madaki et al., 2025). Institutional services,
such as access to climate-related information and extension services, enhance farmers’ awareness
of the potential and anticipated effects of climate change. These services also inform farmers
about available adaptation actions and their associated benefits (Madaki et al., 2025; Baffour-Ata
et al., 2025). Again, access to credit can provide the financial capacity needed to invest in
adaptive inputs and services, while participation in farmer groups can facilitate resource pooling

for capital-intensive adaptations (Madaki et al., 2025).

Zilberman et al. (2012) distinguish between adaptation and adoption based on intent, with
adoption primarily focused on economic outcomes (considerations of profit, risk, credit and
biophysical constraints) and adaptation with a reduction in vulnerability to major shocks (such as
climate change). Adaptation and adoption of innovations do not operate in isolation. Instead,
they are interconnected with broader socio-ecological systems, including programmes at multiple
levels (local, regional, and national), and often emphasize enhancing adaptive capacity (Huq et
al., 2004; Smit & Wandel, 2006). For example, household decisions on adopting adaptation
actions are considered within the general utility or profit maximization framework. Economic

agents, such as agro-pastoralists, have adopted adaptation actions only when the perceived utility
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or net benefit of adopting a particular adaptation significantly outweighs the cost of adoption.
This adoption becomes more feasible and profitable in an enabling environment created by

available institutional services (Bryan et al., 2013; Madaki et al., 2025).

In this context, the utility of economic agents is not directly observable or measurable; however,
their behaviour can be observed through their decisions (Di Falco et al., 2011; Bryan et al., 2013).
For example, farmers are more likely to adopt adaptation measures if they perceive these actions
as beneficial and effective in addressing climate challenges. However, given their typically low
income, high costs may reduce their motivation to adopt expensive strategies, leading them to
opt for lower—cost behaviours (Bain et al., 2016; He et al., 2025). Furthermore, when farmers
perceive adaptive actions as effective and feel empowered to implement them, their intention to

adapt is further boosted (Etana et al., 2022).

Having explored the connection between adaptation and the adoption of innovations, I now
examine the different approaches to adaptation decision-making: planned adaptation and
autonomous adaptation. I aim to analyze how smallholder farmers make decisions about climate

change risks and provide a more nuanced analysis of their decision-making processes.
2.9 Approaches to adaptation decision-making

Two common approaches to adaptation decision-making are planned adaptation and autonomous
adaptation (Fankhauser et al., 1999; Schipper, 2020; Maskell et al., 2025). Adaptation is
classified as autonomous or planned, depending on the degree of spontaneity (freedom of
response) (Adger, 2003; Smit & Wandel, 2006). Thus, the distinction between autonomous and
planned adaptation is not merely about the specific practices farmers adopt but rather about the

underlying drivers of those changes.

Autonomous adaptation refers to immediate, spontaneous responses to climate stimuli, often
consisting of local responses (Adger, 2003; Smit & Wandel, 2006). Autonomous adaptation can
be an automatic, spontaneous, localized, dynamic, natural, short-term or immediate process
(Smit & Wandel, 2006; Blakeney, 2020). Autonomous adaptations occur independently as a
reaction to changes in the climatic system, without intervention from public or other agencies
(Smit & Pilifosova, 2003; Huq et al., 2004). It is a household-level, bottom-up approach, rather

than an outside top-down approach or policy-driven response (Smit et al., 2000). Autonomous
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adaptation is implemented by local communities using their locally available resources and

occurs naturally (Blakeney, 2020).

Autonomous adaptation is not a conscious response to climatic stimuli (Smit et al., 2000). It is
engaged by farm households and communities in response to perceived or experienced changes
in climate (Huq et al., 2004; Fiissel, 2007b; Tuihedur Rahman et al., 2021). IPCC (2019)
highlights the importance of combining autonomous adaptation with indigenous knowledge for
agricultural adaptation. This approach requires active farmer participation in research,
governance structures, and the design of systems for generating and disseminating knowledge

and technology, ensuring that farmers’ needs and insights are adequately reflected.

Planned adaptations are deliberate, large-scale socio-economic, policy, and political decisions
typically undertaken by governments and other agencies in response to the awareness that
conditions are changing or have already changed (Fiissel, 2007b; Tuihedur Rahman et al., 2021).
These actions aim to minimize losses or benefit opportunities (Pittock & Jones, 2000; Smit &
Pilifosova, 2003). According to Smit & Pilifosova (2003), planned adaptation can be either

anticipatory, undertaken before impacts become apparent, or reactive.

Carter et al. (2007) argue that vulnerability is shaped by ongoing autonomous and planned
adaptation processes. While planned adaptation has been criticized for inadequately addressing
context-specific vulnerability and poverty linkages (Rahman & Hickey, 2019), autonomous
adaptation is typically rooted in local knowledge and resources (Bawakyillenuo et al., 2016).
Therefore, it is essential to enhance the alignment between planned and autonomous adaptation
by giving greater prominence to context-specific and culturally relevant practices, and by
recognizing that adaptation responses are shaped by multiple, intersecting stressors that affect
different groups in diverse ways (Stringer et al., 2009; Schipper, 2020). This approach accounts
for socio-ecological contexts, helps avoid maladaptation'>—where poorly designed adaptation
actions inadvertently increase vulnerability to climate change impacts—and ensures equitable
access to the resources necessary for sustaining livelihood activities (Tuihedur Rahman et al.,

2021; Schipper, 2020). The ensuing literature is vital for exploring smallholder farmers’

19 Actions that increase the risk of adverse climate-related outcomes, increased or shifted vulnerability, more inequitable outcomes, or diminished
welfare, either now or in the future. In most cases, it is an unintended consequence. (IPCC, 2022a). Maladaptation is not simply being poorly
adapted to climate change; rather, it is a process in which people become increasingly likely to be negatively affected by climate change
(Schipper, 2020).
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adaptation actions and unpacking how institutional support can enhance adaptation decision-

making and reduce maladaptive tendencies.

Building on the exploration of planned and autonomous adaptation as key approaches to
decision-making, in the next section I delve deeper into the spectrum of responses to climate
change, from coping responses to adaptation responses. This understanding is important for
analyzing how smallholder farmers navigate immediate climate stressors and longer-term
environmental changes. I seek to provide a more comprehensive analysis of farmers’ adaptive

behaviours tailored to the realities of their vulnerable communities.
2.10 Response to climate change: From coping responses to adaptation responses

Responses to climate change can be broadly categorized into coping strategies and adaptation—
both incremental and transformational. These approaches have sparked considerable debate
within policy and practice circles (Fedele et al., 2019; Antwi-Agyei & Nyantakyi-Frimpong,
2021). Determining whether farmers cope or adapt is crucial for developing policies that promote
short-term, temporary adjustments and long-term, sustainable adaptation in response to
environmental change (Fischer, 2019). Antwi-Agyei & Nyantakyi-Frimpong (2021), asserts that
coping responses precede adaptation responses in explaining social responses to environmental
stress. They are short-term actions that farmers implement to address adverse climate impacts
(Eriksen et al., 2005). According to IPCC (2022a), coping responses involve the use of available
resources, opportunities and skills to address adverse conditions to achieve the basic functioning

of people, institutions, organizations and systems in the short to medium term.

Coping responses are employed to maintain the socio-ecological system in a business-as-usual
state, without altering its existing characteristics and functions (Perrings, 2006; Kates et al.,
2012). They are often reactive and applied to reduce current risks by immediate measures (Sam
et al., 2020). These measures are typically adopted when climate impacts are less severe, when
individuals lack the financial or technical capacity to respond differently, or when there is
limited recognition of the need for sustained change (Fedele et al., 2019). They may not
necessarily be environmentally or economically sustainable (Kates et al., 2012). They are largely
autonomous and ad-hoc, which increases the risk of maladaptation (Berman et al., 2012; Brooks

et al., 2009).
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Adaptation responses are advanced forms of coping responses (Antwi-Agyei & Nyantakyi-
Frimpong, 2021). Adaptation responses have been characterized in various overlapping ways,
one of which distinguishes between incremental and transformational adaptation responses
(Kates et al., 2012). The vast majority of documented adaptation responses primarily occur at the
local level, where households and individuals play a pivotal role in implementing incremental
adaptation strategies (Berrang-Ford et al., 2021). Incremental adaptations are the “extensions of
actions and behaviours that already reduce the losses or enhance the benefits of natural variations
in climate and extreme events” (Kates et al., 2012, p. 7,156). They are often more anticipatory
and go beyond routine adjustments (Tschakert et al., 2013; Feola, 2015). Such responses drive
small-scale and minor adjustments to social-ecological systems (Adger & Jordan, 2009; Kates et

al., 2012).

Incremental adaptations risk perpetuating unsustainable practices within a changing
environmental context (Dilling et al., 2015). According to Antwi-Agyei & Nyantakyi-Frimpong
(2021), such a reactive approach to adaptation often adopts a technocratic and managerial
perspective, viewing potential climate threats as a series of identifiable risks that require
institutional and technological solutions to maintain the status quo. Consequently, there have
been calls for transformational adaptation—a process that goes beyond mere adjustments to

existing practices (Antwi-Agyei & Nyantakyi-Frimpong, 2021).

As climate impacts intensify, adaptation measures may need to shift from relying solely on
incremental adjustments to adopting a more transformational approach that seeks to reduce the
root causes of vulnerability (Kates et al., 2012; Taylor et al., 2025). Adaptation responses aim to
reduce vulnerability and promote overall sustainable development (Sam et al., 2020). Differing
from incremental adaptations, Kates et al. (2012, p. 7,156) described at least three classes of
adaptations that are transformational: “those that are adopted at a much larger scale or intensity,
those that are truly new to a particular region or resource system, and those that transform places

and shift locations™.

Similarly, Pelling et al. (2015, p. 114) describe transformational adaptation as prioritizing actions
that “have the reach to shift existing social systems (and their component structures, institutions
and actor positions) onto alternative development pathways, even before the limits of existing

adaptation choices are met”. This shift implies that adaptation responses should aim to
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fundamentally transform the attributes of socio-ecological systems, enabling societies to
effectively address the complex and far-reaching climate change challenges (Kates et al., 2012;
Berrang-Ford et al., 2021). Transformational adaptations extend beyond adjustments to existing
practices. They shift systems away from undesirable or unsustainable trajectories toward
fundamental systemic changes that create new states and interactions within social-ecological

systems (O’Brien, 2012; Olsson et al., 2014; Gil-Clavel et al., 2025).

Transformational adaptation responses, like incremental responses, can be either responsive—
occurring during or after significant climate change impacts—or anticipatory, implemented in
advance of threats that pose serious risks of severe consequences. While some transformational
adaptations are technological, they also include behavioural changes that influence how
individuals and societies make decisions and allocate resources to address climate change.
Additionally, they may involve fundamental shifts in institutional arrangements, priorities, and
societal norms (Kates et al., 2012; IPCC, 2014; Owen, 2020). There is growing recognition that
adaptation requires transformative, system-wide changes that tackle the root causes of

vulnerability (UNEP, 2022; Taylor et al., 2025).

Tschakert et al. (2013) argue that adaptation should address the underlying conditions that
generate or perpetuate risk. Thus, adaptation should go beyond merely addressing the surface
symptoms of vulnerability and instead target its root causes at a society-wide level (O’Brien,
2012; Eriksen et al., 2015; Taylor et al., 2025). Transformational adaptations can be collective
adaptations that are explicitly planned and implemented and autonomous adaptations that, when
combined, can result in transformative outcomes, or actions initially intended to address other

problems that evolve into transformative adaptations (Kates et al., 2012).

In the next section, I delve into the interconnected concepts of adaptation and adaptive capacity.
Understanding adaptive capacity is not just about identifying how farmers respond to climate
risks, but about uncovering the underlying factors that enable or hinder effective adaptation. By
examining these dynamics, I explain the disparities in vulnerability observed among different

households and communities.
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2.11 Adaptation and adaptive capacity

Adaptation, whether analyzed for assessment or practical implementation, is intimately
associated with vulnerability and adaptive capacity (Chapagain et al., 2025a). Adaptive capacity
represents the potential of a system to adapt rather than a specific adaptation per se. Adaptive
capacity is a prerequisite for adaptation to take place (Adger et al., 2007; Chepkoech et al., 2020;
Chapagain et al., 2025a). It predicates the success of climate adaptation, and its assessment
identifies the factors hindering or promoting adaptation (Elrick-Barr et al. 2022). The extent to
which vulnerability can be reduced depends on adaptive capacity. In this context, adaptive
capacity is defined as the stock of various resources (or capitals) and the processes that enable
these resources to be deployed in pursuit of adaptation (i.e. an enabling environment) to achieve

sustainable rural livelihoods (Smit & Wandel, 2006).

Addressing adaptation within the framework of adaptive capacity is crucial, as it serves as an
indicator for understanding the occurrence or potential for adaptation (van Maanen, 2024). It is,
therefore, a critical element of the adaptation process serving as the vector of resources that
constitute the asset base from which adaptation actions can be undertaken (Adger & Vincent,
2005). Adopting adaptation actions depends on farmers’ adaptive capacity to control tangible
and intangible vectors of resources that shape the effectiveness of adaptation measures (Klein et
al., 2014; Tong et al., 2024). It reflects the ability to optimally utilize limited resources to
anticipate or respond to perceived or existing stressors under conditions of uncertainty. It varies
across systems and contexts. This variation highlights the need to contextually identify factors

that support or constrain adaptation efforts (Engle, 2011).

Adaptation is the “manifestation of adaptive capacity and represents ways of reducing
vulnerability” (Smit & Wandel, 2006, p. 286). Adaptive capacity provides the means to inform
adaptation better since the forces which influence a system’s ability to adapt are the determinants
or drivers of adaptive capacity (Adger, 2003). This perspective is echoed by Engle (2011), who
emphasizes that the successful implementation of adaptation is strongly dependent on the
adaptive capacity of socio-ecological systems. It is, therefore, a critical property to foster
adaptation (Engle, 2011). According to Smit & Wandel (2006, p. 287), “adaptations, or changes
within a system to more effectively address problematic exposures and sensitivities, are a

reflection of its adaptive capacity”. Adaptation and adaptive capacity refer to the “strategies,
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techniques and assets employed or available to modify institutional frameworks (cultural and
legislative rules that define rights and responsibilities) and structural frameworks (the balance
and distribution of assets and information) that constrain human action to address vulnerability at
any given moment in time” (Birkmann et al., 2013, p. 201). It encompasses both the availability
of requisite preconditions and the capacity to mobilize these resources for adaptation and

learning (Engle, 2011; Nelson et al., 2007).

High levels of adaptive capacity offer flexibility and enhance opportunities to adjust and modify
future trajectories, and as such are a prerequisite for successful adaptation (Smit & Wandel,
2006; Nath & Arrawatia, 2025). Adaptive capacity is critical for fostering adaptation; the higher
the adaptive capacity of a system, the more likely it is to adapt (Engle, 2011). However, adaptive
capacity is generally described as a set of latent intrinsic properties of SESs—representing both
the potential to adapt and the ability to actively engage in processes of change (Pelling & High,
2005; Smit & Wandel, 2006). Thus, high levels of adaptive capacity do not clearly result in
correspondingly high levels of adaptation as the relationship between them is far from direct

(Mortreux et al., 2020).

Therefore, as operationalised in this thesis, greater attention needs to be paid to the evolution of
several generations of adaptive capacity assessment—from objective levels of resource
availability (or asset deficit models) (e.g. Brooks & Adger, 2004) to the influence of psycho-
social attributes, such as perception of risk and uncertainty, in driving change (Grothmann & Patt,
2005) to the incorporation of transference of capacity (governance and institutional
interventions) to encourage system-scale transformation (Agrawal, 2010; Elrick-Barr et al.,
2022)—as critical interacting factors to advance understanding of the complex influences that

drive the adoption of adaptation actions (Gupta et al., 2010; He et al., 2022).

Building on these conceptions, adaptive capacity and adaptation are intertwined concepts (Smit
& Wandel, 2006; Fidelman et al., 2017). While adaptive capacity measures a system’s capacity
(e.g. resources, strengths and attributes) to transition to a more well-adjusted state (Turner et al.,
2003), adaptation is conceptualised as actions and their outcomes that bring about significant
adjustments within a system to moderate harm or seize beneficial opportunities (IPCC, 2022a).
In this thesis, the assessment of adaptive capacity is framed within the broader context of

adaptation, recognising that adaptation includes both adaptive actions and the capacity to
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undertake them. This perspective is informed by the understanding that adaptive capacity shapes
the scope of possible actions, which, in turn, can either constrain or enhance the capacity for

future adaptation (Pelling, 2011).

It is also critical to note that adaptive capacity is not equally distributed across contexts or
systems; rather it is contingent upon specific local conditions or contexts (Adger et al., 2004).
For instance, although climate change impacts affect everyone, certain social groups bear a
disproportionate burden. These groups experience more significant resource losses and greater
disruptions to their livelihoods and identities compared to others. This variation in vulnerability,
regardless of facing similar levels of physical change, is primarily shaped by social factors rather

than physical factors (Thomas et al., 2019; Puig et al., 2025).
2.12 Conclusion

This theory review explores the themes underpinning this research, providing a broader context
and a robust foundation for understanding the multifaceted nature of climate change vulnerability
and adaptation within socio-ecological systems. The chapter presents a theory review for
understanding key vulnerability and adaptation approaches and their interrelated components. It
outlines how the concepts of vulnerability and adaptation are situated within existing theoretical
discourses, particularly in relation to the impacts of climate change on SESs. Understanding the
vulnerability of these systems to climate-related risks is a crucial first step in promoting effective
adaptation among individuals, groups, and communities—especially those living in marginalized
contexts. This exploration of context and the multiple issues embedded in the review helps to

llustrate the central theme of this thesis.

Having established a comprehensive theoretical foundation through the theory review, I translate
these insights into a practical research methodology and context in the next chapter. By
connecting the theoretical underpinnings with the empirical landscape, I ensure that the research
approach is not only methodologically sound but also contextually relevant. I lay the groundwork
for a rigorous and context-specific exploration of the complex dynamics influencing climate

change adaptation.
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Chapter Three
Research methodology and context

3.1. Introduction

Research methodology involves the strategy, plan of action, processes behind the choice and use
of particular methods and the linkage of methods applied to the research outcomes (Crotty, 2020).
This chapter provides the research methodology used to answer the research questions within
this research context. I divide this chapter into ten main sections. Section one discusses the
philosophical foundations of the research. The second section explains my positionality in the
conduct of the research. The third section focuses on the study area profile. Sections four and
five justify the research approach and research design, respectively. The sixth section discusses
the data analysis. Section seven details the ethical considerations of the research. Sections eight,
nine and ten describe the data documentation and management, research validity and reliability

and the methodological limitations of the research, respectively.

Building on the introduction, I delve into the philosophical foundations that underpin this
research in the next section. I explore the epistemological and ontological perspectives that shape
this study and establish the theoretical lens through which my research questions are framed, and

the methodological choices are justified.
3.2 Philosophical foundations of the research

This thesis acknowledges throughout the analysis that research participant responses are based
on how they construct reality and their interactions with their environment. This
acknowledgment is important because, as Hoffman (2012, p. 32) puts it, “the debate over climate
change, like almost all environmental issues, is a debate over culture, worldviews and ideology”.
How people experience vulnerability and their adaptive responses will vary depending on the
historical, socio-political, environmental and economic contexts within which they operate
(Thompson-Hall et al., 2016). Therefore, as part of the reflexive processes of social research, this
thesis acknowledges the philosophical foundations that influence the choice and application of
research methods, including how questions are asked and how observations are interpreted

(Bryman, 2016; Moon et al., 2016). According to Adams (2019), the different research
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paradigms?® and their related ontological and epistemological positions?!' are linked to the

different approaches often adopted in vulnerability, resilience and adaptation research.

This thesis adopts a constructionist epistemological approach to link people’s perspectives to
their context and provide a holistic view of how discourses are embodied by different actors
(Packer & Goicoechea, 2000; Burr, 2015). Constructionist inquiry involves “explicating the
processes by which people come to describe, explain, or otherwise account for the world
(including themselves) in which they live” (Gergen, 1985, p. 266). The constructionist
epistemological position argues that social and psychological phenomena emerge through
interactions between individuals and are shaped by the social contexts of their lives (Andrews,
2012). These interactions—and the phenomena they produce—are conceptualised and structured
by the society and culture in which we live, the power relations in which we are embedded, and

the broader economic structures of our society (Galbin, 2014).

The constructivist approach aligns with the relational ontology framing and pragmatism
paradigm to understand the interactions between knowledge and experience. It assumes a
relational ontology—multiple realities—a subjectivist epistemology—knower and respondent
co-create understandings—and a naturalistic—in the natural world—set of methodological
procedures (Denzin & Lincoln, 2005a; Lee, 2012). Like constructivism, relational ontology
argues that the ideational and the material are complexly interdependent and interwoven (Hay,
2008). Similarly, in line with the pragmatism epistemological perspective??, this thesis focuses
on relational ontology (Slife, 2004; Wildman, 2006). This focus is important because reality is
enacted through practice, which is always multiple, relational and partial (Law & Hassard, 1999;

Haraway & Goodeve, 2018).

Relational ontology posits that there are multiple realities (Lee, 2012). The relations between
entities are more fundamental than the entities themselves, and no entity pre-exists the relations

that constitute it (Wildman, 2006; Walsh et al., 2021). It considers how ‘matter’, ‘discourse’ and

2 Fundamental principles, beliefs and values that researchers bring to the research and guide them in their choice of methods and underlie the
overall logic of their research (Bryman, 2016; Creswell & Poth, 2018; Crotty, 2020)

21 While ontology is concerned with the philosophy of reality—the nature of what exists, epistemology addresses how we come to know that
reality (Krauss, 2005; Schnegg, 2021). Researchers’ ontology and epistemology are related to a research paradigm and overall methodology
(Adams, 2019).

221t combines the reliability of the empirical counts with the validity of the lived experience of researchers or research participants (Crotty,
2020). Such paradign enables researchers to adopt a holistic perspective and grasp the social, ecological, historical and political context
underpinning their research (Creswell & Creswell, 2023).
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‘society’ co-produce one another such that any separation between them is impossible (Castree,
2001). Such co-production matters as many adaptation and resilience solutions seek to manage
the properties ascribed to pre-existing systems and focus on “getting the rules right” (Cote &
Nightingale, 2012, p. 480). For example, according to the proponents of relational ontology, the
world can be broken down into a set of properties and parts. These properties and parts can
combine to cause, for example, maladaptation which can be fixed by targeted interventions

(Shah et al., 2024).

Relational ontology manages relations between and among people and natural systems (Mancilla
Garcia et al., 2020). It thus provides a framework to understand “the social” in a way that
assumes its inseparability from “the natural” (Goldman et al., 2016, p.28). By committing to
describing relations of “things, people and the broader world of substance” (Robbins & Marks,
2010, p. 179), relational ontology helps to avoid often single frameworks of how the world is
understood either through “risk-hazards approaches or social vulnerability” (Shah et al., 2024, p.
5). The adoption of relational ontology in this thesis allows the study of the relationship between
the nature of a problem (e.g. vulnerability), the context in which it exists (e.g. among smallholder
farmers) and how humans respond to the situation (e.g. through adaptation and institutional
interventions). Social phenomena such as vulnerability result from the interactions between
humans and their economic and natural resource contexts (see Robbins & Marks, 2010; Shah et

al., 2024).

This thesis examines the complex dynamics of climate change adaptation among smallholder
farmers in Ghana’s climate-vulnerable Guinea Savannah agro-ecological zone. Using mixed
methods, including focus group discussions, interviews with institutions, household surveys and
participant observations, the research explores the interplay of factors influencing farmers’
adaptation decisions, the role of intersectionality in shaping adaptive capacities and the
effectiveness of institutional interventions. By analysing these issues from the perspectives of the
“inquirer and the knowable”, or between the “knower and the respondent” (Lee, 2012, p. 407) to
understand the contextual issues associated with the complex socio-ecological system of Ghana’s
climate-vulnerable Guinea Savannah agro-ecological zone, this research hinges on the

pragmatism-constructivism epistemological and relational ontology perspectives.
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Having established the philosophical foundations that guide my research, I now reflect on my
positionality. In the next section, I explore how my background, experiences, and perspectives
may have influenced the research process, from data collection to analysis and interpretation. |
seek to ensure transparency and acknowledge the potential impact of my positionality on the

study.
3.3 Positionality

According to Masud-All-Kamal (2019), considering researchers’ positionality? helps them to
reflect on their research process, their relationship with research participants and the entirety of
the data collection process. By acknowledging and addressing my positionality throughout my
research journey, I aimed to produce research findings that are credible and respectful of the

perspectives of the research participants.

In this research, I introduced myself to research participants as a PhD researcher who is affiliated
with the University of Technology Sydney in Australia. I also informed them that I am a
Ghanaian, born and raised in southern Ghana and also worked in northern Ghana, including the
Talensi district—the study district—for over five years. Even though I worked in the district, I
had no prior relationship with the research participants. I also positioned myself as someone with
lived experiences growing up in a farming community throughout my interactions with them. I
was, therefore, simultaneously received as an insider and an outsider. Such dual positions enrich
and complicate research differently (e.g. Osman, 2023). My multi-positionality influenced the
dynamics of my interactions and the interpretation of my findings. Being an insider from Ghana
and having worked in the district offered me cultural familiarity and an understanding of broader

societal norms that eased rapport-building with the research participants.

However, my outsider status introduced complexities. I remained conscious of potential biases
and assumptions from my distinct educational and socio-economic background. These factors
influenced how community members perceived me and how I navigated the cultural, social and
political dynamics of the district. I was viewed by the communities as an educated male person,
who has travelled to a foreign country and come back to engage them. These factors created an

initial distance between me and the communities. Additional time was therefore required to build

23 How researchers define and present themselves to their research participants in different contexts and, in turn, how they are perceived and
treated by their research participants (Chereni, 2014).
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rapport and trust. Rapport and trust building were facilitated by being transparent about the
research content, aim and researchers’ intentions and relationships. I also engaged in normal
practices of building rapport and trust, including staying in the communities and sharing meals
and drinks (e.g. Dorkenoo, 2024). As a male researcher conducting research in a patriarchal area,
where gender roles are deeply embedded in societal norms (Nyantakyi-Frimpong, 2020; Osman,
2023; Opoku Mensah et al., 2025), gender dynamics shaped my access to certain groups or
experiences within the district. My outsider status and academic training further layered my
positionality, potentially influencing how I framed and interpreted the lived realities of the

research participants.

Through reflexivity?, I critically examined how my positionality affected the research process.
This examination included reflecting on my assumptions, beliefs, and interactions with
participants to mitigate biases and ensure that my representation of the communities was as
authentic and nuanced as possible. For example, I recruited and trained four research assistants:
two men and two women, native to the study communities and fluent in both English and the
local Talen and Guruni languages of the Talensi district to support me during data collection.
Also, due to the district’s patriarchal nature, which often discourages women and youth from
speaking freely in mixed groups (Koomson-Yalley & Kyei, 2022; Opoku Mensah et al., 2024),
participants in focus group discussions were grouped by gender and age: men-only, women-only,

and youth-only.

With my positionality outlined, I provide context for the research setting. In the following
section, | present the study area profile, offering a detailed overview of the geographical, socio-

economic, and environmental characteristics of the study area.
3.4 Study area profile

To set the stage for understanding the study area, I begin with a broad overview of Ghana’s
climate profile and agricultural systems, followed by a discussion of the country’s agro-
ecological zones. I seek to provide a necessary national context before narrowing the focus to the

specific agro-ecological context of the Talensi district within the Guinea Savannah zone. I intend

24 A form of critical thinking that addresses identity and positionality by making researchers’ assumptions explicit and developing strategies to
critically examine them (Lazard & McAvoy, 2020).
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to sequentially transition from national-level climate and agricultural dynamics to the local

realities faced by smallholder farmers in my study area.

3.4.1 Overview of Ghana’s climate profile and agriculture systems

Ghana is located in SSA on the Atlantic Coast of West Africa (Figure 5). It lies close to the
equator at latitudes 4.5°S and 11.5°N and longitudes 3.5°W and 1.3°E. Ghana shares borders with
Togo to the East, Cote d’Ivoire to the West, Burkina Faso to the North, and the Gulf of Guinea to
the South (EPA, 2020). Ghana is divided into 16 administrative regions with a sub-tropical warm
and humid climate (EPA, 2020; GSS, 2022). Ghana’s mean annual rainfall varies from 1,000
mm to 2,200 mm. The mean annual temperature varies from 26.1°C to 28.9°C, but can reach up
to 40°C in North-eastern Ghana, where the research district is located (MoFA, 2022). Ghana is
warm and comparatively dry along the southeast coast, hot and humid in southwest, and hot and
dry in the north (GSS, 2022). There are also regional differences, with a pronounced north—south
divide—stark development disparity between a relatively developed south and a trailing north
(Kambala, 2022). The north-south divide in terms of assets and vulnerability is exacerbated by

climatic stress in the north, where temperatures are relatively high (GSS, 2022).
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LOCATIONAL MAP OF THE STUDY AREA & THE AGRO-ECOLOGICAL ZONES OF GHANA
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Figure 5: Locational map of the study area and the agro-ecological zones of Ghana

Source: Author’s construct, 2025

Ghana has a total land area of 243,438 km?, 69% of which is classified as agricultural land and
41% forest areas of which 24.4% is under cultivation. Agriculture in Ghana relies heavily on
manual labour and traditional farming methods with limited mechanization. Only 3% of arable
land is under irrigation (Asare-Nuamah & Botchway, 2019; MoFA, 2022). Ghana’s agriculture
sector is usually divided into 4 subsectors; crops (arable and tree cropping), livestock, forestry

and logging, and fishing. The major subsectors are crops and livestock, with crop-livestock
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farming systems facilitating livelihood activities, growth and development (GSS, 2020; Ecker,
2018). Crop production accounts for 75% of the sector’s total output. The remaining 25% is
collectively contributed by the livestock, forestry and fishing sub-sectors (World Bank, 2018;
MoFA, 2022). Ghana’s main agricultural commodities include industrial crops (cashew, cocoa,
coconut, coffee, cotton, oil palm, rubber, shea); starchy, tuber and root crops (cassava, cocoyam,
plantain, yam); cereals (maize, millet, rice, sorghum); legumes (Bambara bean, cowpea,
groundnut, sweet potato, soy bean); fruit (banana, mango, orange, pineapple); vegetables (egg
plant, okra, onion, pepper, shallot, tomato); livestock (ruminants) [cattle, goat, sheep], pig,
poultry [chicken, duck, guinea fowl, ostrich, turkey], and non-conventional species [grass cutter,
guinea pig, rabbit, snail]; and fisheries and aquaculture (Embassy of Israel, 2020; Bellon et al.,

2020).

The agricultural sector employs approximately 45% of the country’s labour force. In rural areas,
it accounts for 75% of employment among unskilled workers (MoFA, 2017; World Bank, 2018).
It contributes approximately 20% to Ghana’s Gross Domestic Product (GDP) and three-quarters
of Ghana’s export earnings (Breisinger et al., 2011; MoFA, 2022). With the advent of the Green
Revolution in Africa (AGRA, 2023), Ghana’s agriculture sector continues to remain highly
rainfed, traditional, informal and subsistence-based, and reliant on family labour with limited use
of high-yielding seed and improved technology (Embassy of Israel, 2020; EPA, 2020). The
sector accounted for 24% of the total national Green House Gas (GHG) emissions in 2016; 16%
came from crop management practices with the remaining 8% attributed to livestock (EPA,
2020). The agricultural sector in Ghana is composed of 90% smallholder farmers who cultivate
about two hectares of land and produce 80 per cent of total agricultural output (Asare-Nuamah &

Botchway, 2019; GSS, 2020; MoFA, 2022).

Although agriculture contributes significantly to livelihoods in Ghana, land tenure arrangements
and high poverty levels—especially in northern Ghana—Ilimit many farmers to small-scale
farming, often with landholdings of less than 1.5 hectares. This situation dramatically impacts
income levels, perpetuating a cycle of poverty for many Ghanaian farmers (Lambrecht & Asare,
2016; Guodaar et al., 2021). Ghana’s agriculture sector is highly vulnerable to climate change
and variability and is characterised by low productivity levels (Asare-Nuamah & Botchway,

2019; World Bank, 2021). Climate change poses a significant challenge to the agricultural sector,
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threatening food security and livelihoods—especially in communities in northern Ghana

(Guodaar et al., 2021).

3.4.2 Ghana’s agro-ecological zones

Ghana is divided into six agro-ecological zones (cf. Figure 5) based on their climatic conditions
and natural vegetation and influenced by the soil types (EPA, 2021). The different AEZs exhibit
different climatic characteristics (Asare-Nuamah & Botchway, 2019), with a gradient of
increasing aridity—rainforest, semi-deciduous forest, coastal savannah, forest-savannah
transition, Guinea savannah and Sudan savannah—from southern to northern Ghana (Antwi-
Agyei et al., 2012). Temperature and rainfall differ in the AEZs. Historical climate data of Ghana
shows increasing average temperatures and decreasing average annual rainfall across all AEZs
(Asare-Nuamah & Botchway, 2019). The different characteristics—climatic conditions, natural
vegetation cover and soil types—of the different AEZs influence their agricultural production
and practices (Jumpah et al., 2024). These different characteristics determine crop growth

periods and crops cultivated with varying effects on their productivity (GSS, 2020; MoFA, 2022).

The Guinea Savannah agro-ecological zone (the zone of study for this research) is a climate
change vulnerability hotspot in Ghana due to its high exposure to climate risks, the sensitivity of
its agricultural production systems, and limited adaptive capacity (EPA, 2020; Owusu et al.,
2021). Warming trends and extreme climatic events—including floods, droughts, wildfires, and
rainstorms—are intensifying in the zone, further increasing farmers’ vulnerability to livelihood
disruptions (Agyin-Birikorang et al., 2022; Jumpah et al., 2024). The single rainfall season in the
Guinea savannah AEZ is followed by a period of drought that lasts until the next rainy season,

which is frequently protracted (Asare-Nuamah & Botchway, 2019; Jumpah et al., 2024).

Droughts are a major contributor to declining crop yields in the zone, and they also impact
livestock production by reducing forage availability and water access—often resulting in poor
feed quality and high herd mortality (Twumasi & Jiang, 2021; Naazie et al., 2024). Flood events
across many parts of the zone inundate farms and cause extensive damage to crops, livestock,
property, and even human lives (Derbile et al., 2022). However, despite their adverse impacts on

agricultural systems, floods can also enhance residual soil moisture and deposit nutrient-rich
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sediments on floodplains, creating opportunities to extend farming activities beyond the

traditional growing season (Balana et al., 2019).

The zone is highly susceptible to wildfires due to a combination of high temperatures, prolonged
droughts, continuous grassland vegetation interspersed with scattered shrubs, and dry Harmattan
winds (Husseini et al., 2020; Agyin-Birikorang et al., 2022). These environmental conditions
create significant uncertainties for the future livelihoods of farming communities and, in turn,
constrain their adaptive capacities (Dickinson et al., 2017; Gyimah et al., 2024). The high
exposure of the Guinea Savannah AEZ, coupled with the sensitivity of its agricultural systems to
climate change and associated risks, undermines communities’ capacity to adapt and heightens

their vulnerability (Freduah et al., 2019).
3.4.3 Agro-ecological context of the Talensi district

The Upper East region—the 3™ most vulnerable region in Ghana (EPA, 2020) is one of 16
regions of Ghana (cf. Figure 5). Ghana is further subdivided into 216 districts for administrative
purposes. The Talensi district, as selected for the research, is one of the 15 administrative
districts of the Upper East region of Ghana. Bolgatanga serves as the regional capital of the
Upper East region, whereas Tongo serves as the district capital of the Talensi district (cf. Figure
5). As shown in Figure 6, the Talensi district is bordered to the north by the Bolgatanga
Municipality, south by the West and East Mamprusi districts, Kassena Nankana East
municipality to the west and Nabdam district to the east. It lies between latitude 10°15' and
10°60' north of the equator and longitude 0°31' and 1°05' and west of the Greenwich meridian. It
has a land area of 867 km? (GSS, 2014; Talensi District Assembly [TDA], 2022).
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Figure 6: Map of the Talensi district, showing the locations of Awaredone and Yameriga

Source: Opoku Mensah et al., 2023; Abunyewabh et al., 2024.

The population of the Talensi district is 87,021, representing 7% of the Upper East region’s total
population of 1,301,226. Males constitute 50.4% of the population. As high as 88% of the
population lives in rural areas. The population of youth—people between the ages of 15 and
35—within the district is 41%. It is depicted by broad-based population pyramid that tapers off
with a small number of the elderly population (7%) (GSS, 2014; Yorose, 2019). The district has
only one tar-sealed road, with feeder roads running across the district. These roads are sometimes
inaccessible, especially during the rainy season. The poor nature of roads in the district increases
transportation costs of goods and passengers. This situation disincentivises the production,
marketing and transportation of agricultural products (TDA, 2022). The district does not have
any major markets. Because of its proximity to the Bolgatanga municipality, the three main
markets in the district are not well patronised as they fall on the same day as the Bolgatanga

market (TDA, 2022).

In terms of topology, the district is characterized by scattered rock outcrops and upland slopes
with relatively undulating lowlands with gentle slopes, which range from 1° to 5° gradient at the

Tongo areas. The soil is developed mainly from granite rocks, is predominantly coarse in texture,
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low in soil fertility, structurally weak with low organic matter content, and shallow (TDA, 2022).
Erosion is a problem in the district. Valley areas have soils which range from salty clays to sandy
loams. They have rich natural fertility but are difficult to till and prone to seasonal waterlogging
and flooding. The major river in the district is the White Volta and its tributaries (GSS, 2014;
TDA, 2022). Its vegetation is Guinea Savannah woodland consisting of sparse short deciduous
trees and a ground flora of grass. The common economic trees are shea, Parkia biglobosa/African

locust bean (dawadawa in the local language), baobab and acacia (GSS, 2014; TDA, 2022).

Figure 7 shows the temperature and rainfall trends in the Talensi district during the past 42 years.
Generally, temperature has increased over a 40-year period (see Figure 7 and Table 1). Figure 7
shows an increase in annual average precipitation with consistently high inter-annual rainfall
variability across months and seasons in the district (Table 2). Inter-annual rainfall variability in
the dry season is increasing with an increasing trend relative to the rainy season. The Talensi
district experiences a tropical climate characterized by two distinct seasons: a highly variable
rainy season from May to October, and a dry season from November to April. The district
receives an average annual rainfall of 950 mm. Temperatures peak at around 45°C in March and
April, while the lowest temperatures, around 12°C, occur in December (GSS, 2014; TDA, 2022).
The district’s agricultural production system is environmentally fragile and largely dependent on

rain-fed (non-irrigated) dryland farming (Opoku Mensah et al., 2023).
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Figure 7: Precipitation and temperature change of the Talensi district for the past 42 years
(1981-2022)
Source: Author’s construct using meteorological data collected from the Upper East regional

office of GMet (2022)

Table 1: Statistical summary of temperature in the Talensi district for the past 42 years (1981—
2022)

Parameter (°C) Min Max Mean SD Cv MK
Average annual temperature 343 36.8 3527 050  0.01  4.94%**
January 32.2 37.7 3536 150 0.04 1.65%
February 35.0 40.1 37.73 .20 0.03 2. 73%**
March 37.6 44.0 39.67 1.11 0.03  2.99%*x*
April 37.0 47.4 39.58 1.57 0.04 1.01
May 33.0 38.4 36.41 .16  0.03 1.02
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June

July
August
September
October
November

December

32.1

30.1

29.6

28.5

323

34.2

34.0

35.0

33.1

36.1

34.0

36.0

38.5

37.8

33.48

31.40

30.64

31.55

34.23

36.88

36.34

0.70

0.76

1.01

0.82

0.90

1.19

0.97

0.02

0.02

0.03

0.03

0.03

0.03

0.03

1.18

3.15%%*

3.53%%*

0.95

1.83*

5.03%3%*

2.50%*

Note: *, ** *** indicate significant statistical levels of p < 0.1, p < 0.05, p < 0.01, respectively;

CV <0.20 = Low, 0.20 < CV <0.30 = Moderate, CV > 0.30 = High

Source: Author’s construct using meteorological data collected from the Upper East regional

office of GMet (2022)

Table 2: Statistical summary of rainfall in the Talensi district for the past 42 years (1981-2022)

Parameter (mm) Min Max Sum Mean SD CV MK
Average annual rainfall 57.1 122 3641.6 86.70 16.88 0.19 2.18**
Rainy season 623.9 1309.1 404204 962.39 188.32 0.20 1.66*
Dry season 6.4 182 3278.6  78.06 46.06 0.59 2.69%**
January 0.0 1.2 1.4 0.03 0.19 6.33 -0.25
February 0.0 23.1 96.5 2.30 5.64 245 0.62
March 0.0 97.8 839.4 19.99 27.06 135 1.65*
April 2.8 176.5 2036.6 4849 37.83 0.78 2.48**
May 32.6 199.8 4328.7 103.06 42.59 041 2.32%*
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June 36.8 275.5 5590.1 133.10 52.63 0.40 -0.20

July 74.8 446.5 8073.2 192.22 91.85 0.48 0.80
August 95.6 601.3 11247.4 267.80 109.79 041 0.61%*
September 23.8 331.1 8542.0 203.38 7440 037 -1.78%*
October 0.0 236.1 2639.0 62.83 46.86 0.75 -1.88*
November 0.0 46.5 233.3 5.55 10.25 1.85 -0.81
December 0.0 44.6 71.4 1.70 7.85 4.62 -0.88

Note: *, ** *** indicate significant statistical levels of p < 0.1, p <0.05, p <0.01, respectively

Source: Author’s construct using meteorological data collected from the Upper East regional

office of GMet (2022)

Agriculture plays a significant role in the district, with 91% of households engaged (GSS, 2014;
TDA, 2022). These households are primarily smallholder farmers dependent on a favourable
climate for their agricultural production. Agro-pastoralism (crop farming and livestock
production) is the main agricultural activity, with some silviculture and aquaculture also
practised (GSS, 2014; TDA, 2022). The district’s farming systems comprised integrated
combinations of crops, livestock, trees and fishery (TDA, 2022; Opoku Mensah et al., 2024).

The agro-pastoral production system in the Talensi district represents one of Ghana’s most
vulnerable production systems to climate-related hazards, including seasonal temperature
changes, rainfall variability, and extreme events. The district’s unimodal rainfall pattern,
combined with its reliance on smallholder agriculture, makes it one of the most climate-
vulnerable districts in Ghana (EPA, 2020). Additionally, the system is weakened by persistent
poverty and inadequate infrastructure development (GSS, 2014; TDA, 2022). The district’s
agricultural system has experienced major impacts of climate change, including drought, famine,
crop loss, floods, wildfires, and pest infestations (TDA, 2022). The district’s smallholder agro-
pastoral farmers have witnessed annual rainfall variability, loss of forest cover, biodiversity

disappearance, and loss of productivity from declining soil fertility (TDA, 2022).
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Power relations embedded within the patriarchal social structure of northern Ghana—where this
study was conducted—play a significant role in shaping climate change vulnerability,
particularly among women and other marginalized groups (Sova et al., 2017; Nachibi & Morgan,
2025). In the Talensi district, traditional gender roles and hierarchies place men in dominant
positions of authority, especially in household decision-making, land ownership, access to
productive resources, and participation in community leadership. Women, on the other hand,
often have limited control over land, income, and mobility, despite their central role in
agricultural production and household resilience strategies (TDA, 2022). Moreover, intra-
household power relations affect how resources are distributed and how adaptation decisions are
made. In many cases, men retain the final say on land use decisions and the adoption of climate

adaptation technologies (TDA, 2022; Opoku Mensah et al., 2025).

Accordingly, land tenure arrangements play a critical role in shaping the climate vulnerability of
smallholder farmers in the Talensi District. In this predominantly patrilineal and agrarian setting,
land is largely owned and allocated through customary systems, where traditional authorities and
family heads exert significant control over land access and distribution. Women, particularly,
face structural barriers to land ownership and long-term land security (Tangonyire & Akuriba,
2021; TDA, 2022). Most smallholder women farmers access land through male relatives—
husbands, fathers, or brothers—and their use rights are often temporary, insecure, and subject to
change due to events such as divorce, widowhood, or land reallocation within families. This lack
of tenure security significantly constrains women’s willingness and ability to invest in long-term
adaptation strategies (TDA, 2022; Opoku Mensah et al., 2025). These tenure-related constraints
compound their overall vulnerability to climate change, as they restrict both their access to
productive resources and their adaptive capacity (Yorose, 2019; Tangonyire & Akuriba, 2021;
TDA, 2022).

Industrial activities in the district are generally limited (Tangonyire & Akuriba, 2021). They
include the processing of shea into the valuable ‘white gold’—shea butter; dawadawa into food
additives; groundnuts into oil; brewing of pito (a locally brewed wine); and the parboiling and
milling of local paddy rice (GSS, 2014; TDA, 2022). The district also hosts two main extractive
activities: gold mining—which remains underdeveloped, often conducted illegally and on a small

scale—and quarrying (GSS, 2014; TDA, 2022). Smallholder farmers in the Talensi district are
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subject to institutional interventions such as capacity building and ecological restoration to
promote adaptation and maintain sustainable livelihoods (Abunyewah et al., 2024; Opoku

Mensah et al., 2024).

This district was chosen because of its distinct local socio-economic and climatic characteristics,
including exposure to climate change, ecological sensitivity, historical lack of development, the
existence of institutions supporting improved agricultural practices and adaptation interventions,
and its agro-pastoral livelihoods (Abunyewah et al., 2024; Opoku Mensah et al., 2024). Thus, the
biophysical environment and strong institutional presence in the Talensi district made it a good
selection for the research. Through key informant interviews as detailed in section 3.6.2.1—Key
informant interviews—two agro-pastoral communities, Awaredone and Yameriga (cf. Figure 6),
were selected as the study communities. Table 3 summarises the key socio-demographic and

environmental characteristics of Awaredone and Yameriga

While Yameriga is located in the central part of the Talensi district, Awaredone is located in the
western part. The terrain of the communities is predominantly savannah, characterised by
grasslands interspersed with shrubs and scattered trees. The estimated population of Yameriga is
2,639, while that of Awaredone is 2,595. Agriculture is the mainstay of the communities’
economy, with residents engaged in subsistence farming. Common crops include millet, sorghum,
maize, and groundnuts. Livestock rearing, particularly goats, sheep, and poultry, supplements
household incomes (TDA, 2022). The communities have seen developments in infrastructure and
ecological restoration (Abunyewabh et al., 2024; Kandel et al., 2022) including the construction of
irrigation facilities to provide water for irrigation and livestock to support agricultural activities
and reduce their dependence on rain-fed agriculture, thereby increasing resilience against climate
variability. However, irrigation facilities such as dams in Yameriga and Awaredone and a solar-
powered mechanised borehole in Awaredone are currently not optimally functioning, and the

communities cannot repair them without support.
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Table 3: Key characteristics of the study communities

Characteristics

Awaredone

Yameriga

Agro-ecological zone
Location

Vegetation and terrain

Estimated population
Main economic activity

Dominant agricultural
land use systems

Major crops

Livestock activities

Farming seasons

Challenges

Type of tenure system

Guinea Savannah AEZ
Western part of the district

Savannah: grassland with shrubs and
scattered trees

2,595
Subsistence agriculture

Food crops and livestock

Millet, sorghum, maize, groundnuts,
guinea corn, cowpea, soybean,
Bambara beans, tomato, pepper,
leafy vegetables

Goats, sheep, cattle, pigs

One main farming season (May —
October

Erratic rainfall, prolonged dry
seasons, malfunctioning
infrastructure

Patrilineal

Guinea Savannah AEZ
Central part of the district

Savannah: grassland with
shrubs and scattered trees

2,639
Subsistence agriculture

Food crops and livestock

Millet, sorghum, maize,
groundnuts, guinea corn,
cowpea, soybean, Bambara
beans, tomato, pepper, leafy
vegetables

Goats, sheep, cattle, pigs

One main farming season (May
— October

Erratic rainfall, prolonged dry
seasons, malfunctioning
infrastructure

Patrilineal

In response to environmental degradation and climate challenges, Yameriga has become a focal

point for land restoration and sustainable agricultural practices. Initiatives such as Farmer

Managed Natural Regeneration (FMNR) have revitalized the local ecosystem, providing

residents with resources such as fuelwood, fodder, and non-timber forest products (Abunyewah

et al., 2024). This initiative has led to diversified livelihoods and improved food security within

the community (Opoku Mensah et al., 2024). Similarly, Awaredone is among the communities in

the Talensi district that benefited from ecological restoration and renewable energy projects
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aimed at enhancing sustainable development (Kandel et al., 2022). For example, the Landscape
and Environmental Agility across the Nation (LEAN) project provided solar-powered boreholes
to Awaredone to support landscape restoration and create income-generating opportunities.
Despite these advancements, the communities continue to face challenges related to climate

change, such as erratic rainfall and prolonged dry seasons.

With a clear understanding of the study area’s climate, agricultural systems, and agro-ecological
context, I focus the next section on my research approach and design. I aim to provide the
blueprint for how I investigated the complexities of climate change adaptation, intersectionality,
and institutional support among smallholder farmers. By outlining my methodological choices, 1

ensure the study is rigorously structured to address the research questions effectively.

I first discuss the research approach—the overall philosophical and methodological orientation
of my study—before delving into the research design—the specific framework and steps I used
to collect, analyze, and interpret data. I use the research approach to lay the philosophical and
methodological foundation for the study, shaping how knowledge is generated and interpreted. I
establish this broader framework to allow for a more coherent discussion of the research design,
which operationalizes the approach into specific methods and strategies I use to collect and

analyze data.
3.5 Research approach

Based on the philosophical foundations of this research, as discussed in section 3.2, I combine
qualitative and quantitative data collection methods and varied analysis and interpretations
(mixed methods) to comprehensively understand and generate systemic and synergistic insights
(Osman, 2023; Baffour-Ata et al., 2025) into my research questions (see Figure 4). Qualitative
and quantitative methods have different epistemological and ontological backgrounds but can be
combined to deepen understanding through cross-validation of data (Bryman et al., 2019). I
emphasize the practical integration of different approaches and methods to generate the most
comprehensive knowledge possible to directly inform policy and practice (Creswell & Creswell,

2023; Baffour-Ata et al., 2025).

Central to the philosophical foundations of the research is the urgency to understand and

overcome difficulties which arise in our uncertain world (Yvonne Feilzer, 2010). The mixed-
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method approach has gained importance in many fields—including agricultural studies, rural
development, and poverty studies—for analysing social phenomena from diverse perspectives, to
capture diverse perspectives and a more holistic view of research questions, and to produce more
nuanced insights and robust conclusions (Flick, 2017; Meydan & Akkas, 2024). It is also helpful
to unravel the complex contexts and realities that characterise the lives of rural people (Grix,
2019; Strijker et al., 2020). According to Yeleliere et al. (2023), one such uncertain global real-
world issue is climate change, which requires concerted and collective action across all levels
and fronts to realise practical outcomes for resilient systems. Given the complexity of climate
change as a challenge for rural livelihoods, adopting multiple methods to study it offers

opportunities to dissect the complex realities and contexts of rural life (Osman, 2023).

The mixed methods approach involves including and mixing qualitative and quantitative
components in the same research—combining and connecting them—in such a way that they are
conversing with each other (SAGE Research Methods Datasets, 2019). The mixed methods
approach is a research strategy with a philosophical assumption—guiding data collection and
analysis and a mixture of qualitative and quantitative approaches—and methods of enquiry—
collecting, analysing and mixing quantitative and qualitative data. The central philosophical
premise of the mixed methods approach is that combining qualitative and quantitative
approaches provides a better understanding of the research questions than either alone (Creswell
& Plano Clark, 2018). Thus, this approach provides integrated results, allowing the strengths of
one method to compensate for the weaknesses of the other (Creswell & Creswell, 2023). For
example, it is generally acknowledged that research methods must capture the complexity of
human behaviour beyond quantitative data and experimental models to effectively understand
and address the complexities of physical and social processes (Strijker et al., 2020). Qualitative
methods can provide nuanced insights into people’s commitment, understanding and awareness
concerning climate change that are often missed in broader quantitative analyses (Strijker et al.,

2020).

In this study, I adopt the mixed methods approach because neither qualitative nor quantitative
data collection and analysis alone was adequate to answer the research questions. As shown in
the interpretation section of Figure 4, the research questions intersect various environmental,

social, demographic and economic issues within households and communities’ environments and
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livelihoods. Empirically addressing such a multiplicity of factors requires mixed methods of data
collection and analysis (Osman, 2023). In the context of this research, I used the quantitative data
collection method to collect and analyse data in the form of values required for particular
variables. This method is particularly important when research questions are related to “which of
several variables?”, “how much of given variables?”, or “how many of given variables?” (Nardi,
2018; Adams, 2019, p. 81). For example, as detailed in Section 1.6 of this thesis, this research
included questions such as ‘which factors influence climate change adaptation by smallholder
farmers? and ‘what role does intersectionality play in shaping the adaptive capacity of
smallholder farmers?’. On the other hand, qualitative data collection methods (see Figure 8) are
important to collect data in the form of texts, words or pictures when research questions are
related to who?, how?, and why? to elicit information from research participants (Denzin &

Lincoln, 2005a; Bryman, 2016).

Qualitative Quantitative
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interviews ) discussions interviews
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. Thematic, narrative and document Desc_riptli"e_St?tiStics e
Data Analysis analyses stepwise logistic regression
model
RQ1: Factors influencing :;?;;:E;ﬂ:i?fin shapin .RQ‘OT: The ro!e of )
Interpretation | climate change adaptation Adarte aci\'(c i REE institutions in enhancing
by smallholder farmers p pacity climate change adaptation
smallholder farmers by smallholder farmers

Figure 8: Schematic view of the research process

Source: Author’s construct (2025)

Adopting the mixed-methods approach in this research provides the means to achieve the logic
of triangulation—enhancing the validity and credibility of research findings by cross-verifying

data from different data sources (data triangulation) and combining qualitative and quantitative

methods to comprehensively address the research questions (methodological triangulation)
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(Donkoh & Mensah, 2023; Kalman & Malomsoki-Santha, 2023). Although the mixed-methods
approach generally produces more valid and reliable results than the use of a single method
(Creswell & Plano Clark, 2018), its application is noted to require more work, a large financial
commitment and the need for researchers to master each method (Creswell & Creswell, 2023;

Strijker et al., 2020).

Having established the research approach of this study, I discuss the research design in the next
step. I build upon the research approach by detailing the specific strategies, procedures, and
techniques I used to collect and analyze data. By first understanding the broader research
approach, I aim to better appreciate how the study is structured to answer the research questions

effectively.
3.6 Research design

In terms of research design, I adopt a cross-sectional design to intrinsically combine qualitative
and quantitative methods as an integrated set of methods to compare several variables
concurrently (Yeleliere et al., 2023). Here, I adopt an exploratory sequential design—beginning
research with an exploratory, qualitative phase and moving sequentially to a quantitative phase
(Creswell & Plano Clark, 2018; Creswell & Creswell, 2023) to blend interviews, focus group
discussions, observations and household surveys. In the exploratory sequential mixed-method
design, the qualitative phase provides critical information to develop specific research questions
in the quantitative phase (Creswell & Plano Clark, 2018). I obtained qualitative information
through participatory methods, including Key Informant Interviews (KlIs), Focus Group
Discussions (FGDs), institutional interviews and participant observations. These participatory
methods are bottom-up approaches widely used to gather information from rural populations to
garner a deeper understanding of their environmental conditions (Walter, 2019). Participatory
approaches are grounded in actionable activities and direct engagement with community
members (Kemmis & Wilkinson, 1998). Using participatory methods adds depth to the
quantitative findings to achieve methodological goals (Creswell & Plano Clark, 2018).

I used household surveys to collect quantitative data. Surveys are valuable tools for identifying
specific issues and establishing patterns of association and relationships between variables

(Bryman, 2016). They allow researchers to estimate key characteristics of a study population for

74



more detailed analysis (Creswell & Creswell, 2023). Moreover, surveys provide accurate
measurements of research variables, thereby facilitating broader generalization of findings
(Marshall & Rossman, 2011). Such an exploratory sequential design helps gain deeper insight
into the decision-making processes involved in farmers’ adaptation decisions. Also, it may
uncover hidden determinants of practice change that are difficult to capture by a survey alone

(Aqib et al. 2024).

As part of the research design, I collected data in five interconnected phases between September
2022 and March 2023, as shown in Figure 9. To capture the diversity of agricultural actors at
each study site, the data collection consisted of semi-structured interviews with key informants
from local institutions involved in climate change and agricultural production, followed by
reconnaissance visits, transect walks and participant observation, community-based focus group

discussions, institutional interviews and surveys of heads of households.
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Figure 9: Flow chart illustrating the research design

Source: Author’s construct (2025)
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3.6.1 Recruitment and training of research assistants

Given the district’s patriarchal nature, I recruited and trained four research assistants; two men
and two women (see Table 4) who come from the study district to support me during data
collection. This arrangement ensured that the women assistants interacted with women
smallholder farmers while men assistants connected with their men counterparts to moderate
cross-gender and cross-cultural sensitivities (Nyantakyi-Frimpong, 2020) and foster trust and
participation. Selection criteria for these research assistants as listed in Table 4 included previous
experience in similar studies, educational qualifications, leadership qualities, community respect,

impartiality during interviews, availability and fluency in both English and the local Talen and

Guruni languages of the Talensi district.

Table 4: Research Assistants

Sex Selection criteria
Educational Previous  Leadership  Availability Fluency in
qualifications experience qualities English
and local
languages
1. Man BSc. Community Yes Senior High Yes Yes
Development School
Teacher and
Pastor
2. Man MSc. Development  Yes Agricultural  Yes Yes
studies Officer
3. Woman BSc. Yes Assistant Yes Yes
Environmental Planning
Studies Officer
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4. Woman BSc. Education Yes Junior High  Yes Yes
School

Teacher

Bryman et al. (2019) emphasise the importance of training and supervising research assistants
when their services are sought. Accordingly, I trained the four assistants in Tongo, the district
capital, over two days to ensure consistent data collection and minimise misunderstandings and
ambiguities. The training sessions were centred on sampling, administrating digitised
questionnaires, appropriate probing styles and focus group activities. We also used the training
sessions to discuss how to enhance communication and facilitate using locally appropriate
terminology for subjective concepts such as climate (see Smith et al., 2000). We reached an
agreement for the team to meet at the close of work every day to discuss the day’s work and plan
for the following day. Also, we agreed upon bi-weekly reflections to review the data collection
process and ensure consistency. In addition to the research assistant administering questions and
serving as co-moderators, note-takers and interpreters, they also provided interpretative insights
into the cultural complexities and sensitivity issues, agricultural practices, people’s connection

with lands, social support and inter and intra-household relationships, among others.

In the next section, I first focus on the qualitative data collection aspect of my research design
before moving on to the quantitative data collection. This sequence is deliberate, as the
qualitative approach provides deeper contextual insights into the lived experiences, perceptions,
and social dynamics that shape climate adaptation. By first exploring these rich narratives, |
introduce the quantitative data collection, which allows for broader generalizability and
statistical validation of key patterns. I seek to ensure a comprehensive understanding of the

research findings by balancing depth with breadth.
3.6.2 Qualitative data collection
3.6.2.1 Key informant interviews

The initial data collection phase commenced with Key Informant Interviews (KIIs) with key
actors in agricultural production and climate change in the Talensi district. Klls allow

researchers to seek clarification and gain deeper insight into issues from the respondent’s
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perspective. Their open-ended format minimizes restrictions on the content and scope of
responses, facilitating richer and more nuanced data (Creswell, 2021). These interviews focused
on the nuances of the district’s agricultural practices, livelihood portfolios, and prevailing
climate issues. On pragmatic grounds, the district’s Department of Agriculture (DoA) and the
TDA were chosen as primary sources of information due to their extensive experience,
knowledge, and recognised involvement in climate change initiatives, agricultural production
and rural development in the district. The knowledge gathered from key informant interviews
also provided the basis for selecting the study communities. For example, with the involvement
of the DoA and using stratified sampling, two agro-pastoral communities, Awaredone and
Yameriga (cf. Figure 2), were sampled from the district’s three area councils informed by the
local socio-economic and climatic characteristics, natural environment, agro-pastoral production
systems, and institutional presence. These communities were at discrete locations in the district
and had similar sizes and populations, with several institutions operating in them (Abunyewah et
al., 2024). These communities contribute significantly to the district’s demographic and

agricultural profile and provide a good representation of the district (TDA, 2022).
3.6.2.2 Reconnaissance visits, transect walks and participant observation

I followed the selection of the communities with reconnaissance visits and consent meetings with
the communities’ leaders, primarily chiefs, opinion leaders, elders and assembly members—
community/neighbourhood level political representatives who represent the interests of their
immediate communities/neighbourhoods in the local governance system (Osman, 2023).
According to Bryman et al. (2019), reconnaissance visits involve a researcher’s preliminary and
brief visit to the research site to familiarize themselves with the study context before starting the
actual research. I used the visits and meetings to introduce myself, verify the accuracy of the
communities’ selection, become familiar with, establish necessary contacts and acquire entry
into each selected community. The DoA facilitated the community entry in each community
through their respective assembly members. During the reconnaissance visits, I was introduced
by the assembly members. I then discussed the research objectives and the nature of the research
and obtained feedback at the community level. Also, I thoroughly discussed the interview
processes and sought community consent. For example, the community leaders in Yameriga

sought to know what the research would bring them. I explained the research goal in relation to
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informing academic learning and policy attention for a sustainable and just future for climate-
vulnerable communities and households. After all clarifications were sought and anonymity

assured, the communities, through their leaders, verbally consented to participate in the research.

I also conducted community and farm transect walks with community opinion leaders. A transect
walk is a participatory approach whereby the research team walks through a village or
community with community leaders (Sallu et al., 2009). This technique facilitates active
participation from community members, allowing them to contribute local knowledge and
insights (Rojas et al., 2021). These walks were important to observe the communities’ settings
and agricultural and adaptation practices, and get an overview of the communities’ significant
social and physical features. I leveraged the reconnaissance visits and transect walks to build

trust and establish rapport with the communities.

Again, I conducted participant observation as an integral part of this research throughout the
entire data collection process. Participant observation is a qualitative research method involving
researchers immersing themselves in a social setting to systematically record behaviours,
interactions, and cultural practices (Kearns, 2016; Gray, 2018). I took an observer-as-participant
role—participants were informed about research activities, and as someone with dual
positionality (see Section 3.3) to the communities, I took a mid-point between my insider and
outsider status to participate in the research-related activities to carry out observation (Gold,
1958; Kearns, 2016). I took this position to maintain a balance between my insider position—
being emotionally and physically involved to achieve an internal perspective on the lives of the
research participants and my outsider position—difficulty in accessing field settings (Gray,

2018).

I conducted participant observation to closely observe the communities’ settings, climate impacts,
and agricultural and adaptation practices to get an overview of their significant social and
physical contexts. Informal conversations were made during the observation process, taking
cognisance of the fact that participant observers can examine people in their everyday lives
without interrupting them (Denscombe, 2017). This process allows researchers to move beyond
participants’ self-interpretations and opinions of their attitudes and actions by observing and
listening to them in their natural settings (Gray, 2018). Participant observation allows researchers

to gather complementary insights that may not be accessible during formal data collection, such
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as interviews and focus group discussions (DeWalt & DeWalt, 2011; Masud-All-Kamal, 2019). I
undertook participant observation on farmlands, communities and households. As part of the
observation, I took photographs to document stories. I used a field diary to note all observations,
verbal and non-verbal behaviours, discussions and stories for analysis. I wrote detailed notes

after each observation.

Participant observation is essential for capturing evidence of the participants’ ethnographic
settings (Adams, 2019), providing valuable insights into the socio-ecological contexts relevant to
this research. For example, during the data collection period between September 2022 and March
2023, the smallholder farmers engaged in farming activities, allowing for field-based
observations of their farming and adaptation actions. I performed the observation processes in
accordance with standard ethics protocol by seeking consent from the communities’ leaders and

research participants.
3.6.2.3 Focus group discussions

In the next phase of the research design, I co-moderated six FGDs with the research assistants.
Two research assistants assisted in each community, serving as co-moderators, note-takers and
interpreters. FGD is a qualitative data collection method where several participants discuss a
defined topic, collaboratively constructing meaning about a phenomenon as a group, with the
process facilitated by a moderator (Krueger & Casey, 2015). The research assistants and I
conducted three in each community to facilitate collective dialogues, gather diverse perspectives
and assemble valuable insights from the discussants’ lived experiences (Opoku Mensah et al.
2023). Ritchie et al. (2013) emphasised the importance of ensuring the representativeness of the
group to avoid collecting data that is unrepresentative of the population being studied. To ensure
balance and representativeness of the discussants while selecting the optimal number of
discussants (Adams, 2019), the discussions were open-ended, and each group consisted of 5-10
participants, including community opinion leaders like chiefs or their representatives, assembly

members, local group leaders, and heads of households.

Due to the district’s patriarchal nature, which often discourages women and youth from speaking
freely in mixed groups (Koomson-Yalley & Kyei, 2022; Opoku Mensah et al. 2023), we grouped

the participants by gender and age: men-only, women-only, and youth-only. This approach
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aimed to create a more comfortable environment, allowing participants to express their views
and potentially highlighting any social differences in perspectives. According to Aqib et al.
(2024), including underrepresented farming groups, such as women and youth, adds more
nuance to understanding farmers’ adaptation behaviours and ensures a more comprehensive

appreciation of communities’ adaptation strategies.

The successful organization of a focus group depends on several factors, including the choice of
the meeting venue, the discussants’ willingness to engage in the discussion, and their language
needs (Bryman, 2016). We held the discussions in the local Talen and Guruni dialects, each
lasting approximately three hours, with short breaks in between sessions. In consultation with
community leaders, we scheduled the discussions for late afternoons after farmers had completed
their daily activities to ensure maximum participation. Also, in consultation with community
leaders, we held the discussions in locations determined suitable, including chief’s palace and
community meeting grounds. The discussion topics included climate change perception and
impacts, access to livelihood capitals, climate change actions and institutional interventions (see
Appendix I for the FGD guide). With the consent of the discussants, we audio-taped the
discussions. As advocated by Ritchie et al. (2013), audio recording enables researchers to fully

concentrate on moderating the discussions.
3.6.2.4 Institutional interviews

I conducted in-depth interviews with eight institutions that were identified during the FGDs to be
involved in climate change and agricultural production in the research communities based on
their availability, applicability and willingness to participate in the study. An interview is a social
encounter that allows participants to share their experiences, feelings, and perspectives on a
specific issue (Seale et al., 2004). It is widely regarded as a key research method in the social
sciences, offering valuable insights into individual or group viewpoints (Denzin & Lincoln,
2005a). To ensure that the data represented the institutional landscape in the district, I
interviewed a mix of the three institutional types—state/public (n=4), private/market (n=1), and
civic/civil society (n=3). These institutions have extensive experience, knowledge, and
recognised involvement in climate change initiatives, agricultural production and rural

development in the district. I conducted all interviews to clarify discrepancies, minimise
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interpretation bias, and validate responses (Lawless et al., 2022). Representatives from identified

institutions, who were mainly field staff, were interviewed.

The interviews explored the nature and goals of the identified institutions (landscape), how they
facilitate adaptation actions—as identified during the interviews—through implementation tools
(accessibility), whether and how they coordinate their responses and whether they cover the most
vulnerable smallholder farmers (linkages) (see Appendix II for the interview guide). Also, as part
of the institutional interviews, I collected meteorological data of the Talensi district for the past
42 years (1981-2022) from the Upper East regional office of the Ghana Meteorological Agency
[GMet]. I conducted the interviews in English, the official language of Ghana, and at the
institutions’ offices. The interviews lasted approximately an hour and were audio-taped with the

consent of the participants.

I also utilised secondary data sources (Chatfield, 2020)—including institutional websites,
published reports, and programme/project documents—to better understand the structure and
function of the institutions to support adaptation. Such secondary data sources are useful to
contextualize data and corroborate and support evidence collected during interviews,

observations and other sources (Bowen, 2009; Yin, 2018).
3.6.3 Quantitative data collection
3.6.3.1 Household surveys

I adopted a household survey since the main unit of analysis of this research is the farm
household. A farm household is defined as a farm family unit comprising a group of interrelated
individuals who live together, share the same dwelling, work on the family farm, make farm-
level decisions (including those related to adaptation), and pool their labour to manage their farm
under the primary leadership of the household head (Solomon et al., 2007; Davies & Bennett,
2007). I used a questionnaire (see Appendix III for the questionnaire) to collect the household
data. In designing the household questionnaire, I considered three important principles: keep
questions relevant, simple and clear to ensure clarity of content; avoid leading questions to
prevent potentially biased responses; and ensure logical ordering of questions to achieve

coherence and ease of response (Neuman, 2021).
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The research assistants and I pretested a preliminary questionnaire with 20 households.
According to Fink (2017), pretesting is important to ensure the relevance of research questions
and help respondents better understand the questions. Based on feedback from respondents, I
finalised the questionnaire, which consisted of a set of open and closed-ended questions divided

into four parts to elicit information on the heads of households’:

1. Socio-economic characteristics;

2. Access to resources as livelihood capitals;

3. Perception of climate impacts, challenges and climate change actions; and
4

Institutional interventions.

This division was done to achieve coherence during the interviews (Adams, 2019). I designed the
questionnaire to comprise open- and closed-ended questions for two main purposes. First,
closed-ended questions enable researchers to collect as much data that can be easily aggregated
within a short period. In response to Bryman’s (2008) observation regarding the potential biases
associated with using questionnaires consisting solely of pre-coded questions—which can limit
participants in their responses—the inclusion of the response option ‘other’ in this research
allowed participants to provide answers beyond the pre-coded options (Adams, 2019). Second,
including open-ended questions enables researchers to delve deeper by asking follow-up
questions to uncover participants’ reasoning behind their answers to pre-coded questions (Lewin,

2005).

I digitized the questionnaire using the Open Data Kit (ODK) mobile app (Hartung et al., 2010) to
enhance the quality and efficiency of data collection. ODK 1is an open-source, extensible suite of
tools designed to support the development of information services (Hartung et al., 2010;
Bokonda et al., 2019). ODK allows the inclusion of filter questions, ensuring participants only
answer questions relevant to them, thereby reducing the time required to complete the
questionnaire and respondents’ fatigue. ODK allows all collected data to be verified by principal
researchers before uploading to a secure server (Brunette et al., 2013; Bokonda et al., 2019). The
finalised questionnaire was conducted with 130 agro-pastoral households, defined as those who
considered crop farming as their primary source of income and owned at least five head of cattle

and a herd of sheep or goats (Zampaligré et al. 2014). In addition to engaging in agro-pastoral
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activities, selected households must also have received climate change support from institutions.
The surveys were conducted in the local dialects of Talen and Guruni and were 45-60 minutes in

duration.

A systematic sampling method was employed to select participating households (Mostafa and
Ahmad 2018). According to the specifications of the sample frame and inclusion criteria, 130
valid questionnaires were returned for the two communities of Awaredone and Yameriga.
Cochran’s formula (Cochran, 1977) was used to determine the sample size needed to satisfy a
95% confidence level (z=1.96), 91% agricultural households and a 5% level of precision (o)

from 14,291 total households as follows:

_z%xpx (1—p) 1962+ 0.907 + (0.093)

(@2 n= (0.05)? n =130

n

n = sample size, z = critical value of desired confidence level, p = degree of variability in the

population and o = desired level of precision.

The required sample size ‘p’ for each of the two communities was determined by Probability
Proportional to Size (PPS) (see Appiah et al., 2017; Asante et al., 2021) calculated from the

sample size ‘n’ (130) using the formula:

population of community

P (Toml population of the 2 sampled communities ) *n (130)

Because Awaredone and Yameriga had similar sizes and populations, 65 agro-pastoral
households were selected and interviewed in each community. In each household, only
household heads or agricultural decision-makers who make final agricultural decisions (Kuang et
al., 2022) participated in the survey. The decision to focus on household heads or agricultural
decision-makers was guided by the specific objective of understanding how adaptive capacity is
shaped by those who directly influence agricultural decisions. In the context of the Talensi
district, where agriculture is largely a household-level endeavour (TDA, 2022; GSS, 2014),
household heads or primary decision-makers play a critical role in resource allocation and
responses to climate risks (Tindan et al., 2022; Opoku Mensah et al., 2023). Therefore, focusing
on this group allowed me to capture insights into decision-making dynamics central to adaptation.

Additionally, the inclusion criterion related to livestock ownership was intended to ensure the
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inclusion of smallholder farmers actively engaged in agro-pastoral production systems.
Livestock ownership is a common indicator of socio-economic status and resource endowment in
the Talensi district (TDA, 2022; Abunyewah et al., 2024), and it plays a crucial role in shaping
adaptive capacity and managing climate risks (Geda et al., 2024).

3.7 Data analysis

I combined quantitative and qualitative data analysis techniques (cf. Figure 4) to address the
research questions effectively. The data analysis was not based on preconceived ideas but on
responses and issues from the research participants (Vogt et al., 2014). Before starting the data
analysis, I grouped data from various sources separately. Such categorisation is important to
prevent mixing data from different sources and allow researchers to reflect more effectively on
the appropriate analytical techniques for each dataset (Adams, 2019). However, I combined the
analysed qualitative and quantitative data in interpreting and presenting the results (cf. Figure 3)
to give a clearer and more general picture of the research objectives (Strijker et al., 2020;

Creswell & Creswell, 2023).
3.7.1 Qualitative data analysis

I analysed the qualitative data using thematic and narrative analysis (Bryman, 2016). These
analyses led to inductive analysis—detailed analysis of raw data to identify inherent patterns,
themes, and categories such that findings emerge from the data (Thomas, 2006; Azungah,
2018)—and deductive analysis—applying existing frameworks or theories to interpret data and
guide data analysis from general principles to specific instances (Patton, 2015; Mihas, 2023).
While the inductive analyses are detailed in Chapters 4 and 5, the deductive analysis is detailed

in Chapter 6.

Thematic analysis helps to identify, analyse and report themes or patterns within data sets (Braun
et al., 2017). Analysis of data thematically suits various ontological and epistemological
approaches, including constructivist and relational ontology paradigms that allow their
proponents to examine how events, realities, meanings, and experiences are constructed within
societal discourses (Braun et al., 2017). By adopting this approach, researchers can analyze the
meaning of texts within their socio-cultural context and structural conditions, thereby gaining a

broader understanding of the research phenomenon (Vaismoradi et al., 2013). Also, the recursive
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process—researchers’ ability to move back and forth throughout the phases as required—in

thematic analysis provides a nuanced account of the data collected (Braun et al., 2017).

In emphasising stories articulated by discussants, I used narrative analysis in the form of
quotations to emphasise stories from research participants, substantiate claims, explain the real-
life context of the research participants’ opinions and illustrate the interconnections between
themes (Bryman, 2016). To ensure rigour and trustworthiness, I maintained participants’ own
words with low use of inference descriptors (Baxter & Eyles, 1997). I reached saturation when
no new information or insights emerged from the data, and previous findings started to be
repeated (Miles et al., 2019). Furthermore, narrative analysis is particularly effective for
achieving “the depth and richness required for a sophisticated intersectional analysis” (Hopkins
2018, p. 587) as captured in Chapter 5 of this thesis. According to Christensen & Jensen (2012),
people’s narratives about their live stories can provide the most insight into social categories and

their intersections.

I also used document review analysis to analyse secondary data from the institutions (see Davila

et al., 2024) as detailed in Chapter 6.
3.7.2 Quantitative data analysis

I exported the household data from the ODK server, cleaned it, and imported it into Statistical
Package for Social Science (SPSS) Statistics 28 and Microsoft Excel 2019 for analysis. I re-
categorized several variables for a more detailed and manageable data analysis (e.g. Adams,
2019). I conducted computer-aided analytical procedures following these processes based on the

needs of the research questions.

I used descriptive statistics (frequency, maximum, minimum, mean, percentages) (e.g. He et al.,
2022) to summarise the data (see Chapters 4 and 5). I also used inferential statistics (Chi-square
tests) (e.g. Aboye et al., 2023) to analyse the adaptive capacity of the smallholder farmers, and
how the livelihood capital indicators and other socio-demographic characteristics of smallholder
farmers intersect to shape their climate adaptation (Chapter 5). Again, I used the Chi-square test
of independence to determine the significance of associations between the ratings of selected
livelihood indicators and the socio-demographic characteristics of the respondents (Onchiri,

2013) (Chapter 5). I also employed a stepwise logistic regression model to analyse the factors
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influencing farmers’ adoption of climate change actions (see Chapter 4). Furthermore, as shown
in section 3.4.3—Agro-ecological context of the Talensi district—I used a times series design
(e.g. Asare-Nuamah & Botchway, 2019; Yeleliere et al., 2023) to establish the extent of climate
change and variability by analysing meteorological data of the Talensi district for the past 42

years (1981-2022).
3.8 Ethical consideration

Researchers must be resolute in their commitment to ethical issues—codes of practice and
acceptable moral behaviour that researchers must consider (Stutchbury & Fox, 2009; Yeleliere et
al., 2023). I complied with the Australian Code for the Responsible Conduct of Research and the
National Statement on Ethical Conduct in Human Research, undertaking all research activities
according to fairness, justice, respect, accountability, honesty, and transparency after receiving
approval from the Human Research Ethics Committee (HREC) at the University of Technology
Sydney (UTS), under approval number UTS HREC ETH22-7303 (see Appendix IV). I made
conscious efforts to avoid any biases that could influence the data collection process. 1 carefully
designed, conducted and reviewed at every stage of the research process to ensure quality and

integrity.

Paying attention to communities and recognizing their norms and cultural practices is critical to
conducting research responsibly, as outlined in the Australian Code for the Responsible Conduct
of Research (Australian Research Council et al., 2018). The research assistants and I conducted
questionnaire administration, interviews, focus group discussions and observation processes
following standard ethics protocol by seeking consent from the communities’ leaders and
research participants for their involvement in the research. The research assistants and I gave
participants an information sheet (see Appendix V) outlining a comprehensive overview of the
research’s purpose and their role in the data collection process and a consent form (see Appendix
VI). The research assistants and I discussed the information sheet with the research participants.
The research assistants and I addressed all clarifications before seeking their consent to proceed
with the interviews. The research assistants and I consistently sought to minimise risk by
maintaining a respectful and considerate approach. Fortunately, no participants experienced or

reported distress or risk during the interviews.
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During fieldwork, several ethical issues emerged, particularly in relation to consent, power
dynamics, and privacy. In administering household surveys, the primary concern was ensuring
that participation was genuinely voluntary, especially among women and youth, who may have
felt pressured by family members or community leaders. To address this, interviews were
conducted in private spaces, and participants were repeatedly reassured that they could withdraw
at any time without consequence. In conducting FGDs, an ethical issue arose around power
imbalances, especially in mixed-gender or mixed-generation groups. To address this, FGDs were
disaggregated by gender and age groups (men-only, women-only, and youth-only) to create safe
spaces for open expression. Facilitators, trained in gender-sensitive approaches, were careful to
encourage quieter voices and ensure equal participation. KlIs also required ethical sensitivity,
particularly in handling confidential or politically sensitive information. Some informants
expressed concerns about being quoted or identified. As such, I ensured strict anonymity and
clarified that no personally identifying information would be attributed in the thesis or any
resulting publications. Notes and recordings were stored securely, and all data were de-identified

during transcription and analysis.
3.9 Data documentation and management

I developed a Research Data Management Plan (RDMP) in Stash—UTS’s research data
management platform. In the RDMP, I provided details about the type of data to be collected, the
approach to analyse data and the ethical considerations of the research. I also indicated how the
data is stored and archived in UTS’s Research Data Portal. I de-identified all the data to protect
anonymity and ensure the confidentiality of research participants. I brought all the data collected
from the fieldwork in Ghana back to Australia. I stored them securely on a computer in
password-protected electronic files following UTS standard ethics protocol. I stored all physical
materials, such as hard copies of data collection instruments in files in a locked cabinet on the
university premises. I followed UTS’s standard confidential waste management protocol for the
final destruction/disposal of the data. For example, all audio records were deleted after they were

transferred to UTS cloud storage and password-protected.
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3.10 Research validity and reliability

Research validity is the extent to which research findings can be reliable and correct, as
described by research participants and the researcher (Bryman, 2016; Creswell & Poth, 2018). It
also entails concluding the reliability of the research by considering the conditions under which it
was conducted (Angen, 2000). Reliability refers to the stability of the findings. Thus, justifying
that research findings are dependable by considering when, how, and from whom data were
collected (Whittemore et al., 2001; Freduah et al., 2019). Validity and reliability are critical
aspects that determine the accuracy and soundness of research findings. They encompass various
dimensions, including the appropriateness of research design, sampling methods and data
analysis techniques (Karnia, 2024). I optimised the validity and reliability of this research by
ensuring that its findings are credible, robust, and reflective of the realities faced by smallholder

farmers in the Talensi district by following these strategies.

First, the use of the mixed-methods approach helped to triangulate and cross-check information
collected from various sources (Adams, 2019). This approach integrates the subjective
perspectives of research participants and enhances the validity, reliability and replicability of
results (Bryman, 2016). Second, the pretesting the household questionnaire helped improve
construct validity—ensuring that the test measures the theoretical construct it claims to measure
(Karnia, 2024). The pretesting ensured that the research instruments captured context-specific
nuances and realities of the Talensi district’s socio-ecological context, institutional frameworks,
and smallholder farming practices and adaptation behaviours. Third, my six-month field
engagement enabled me to experience and closely observe the communities’ settings, climate
impacts, and agricultural and adaptation practices. Such prolonged stay and engagement enable
researchers to experience some issues in their research communities and ensure the validity and
reliability of research (Fetterman, 2020; Osman, 2023). Lastly, I maintained comprehensive
records of all research activities, including raw data, coding frameworks and decisions made

during data collection and analysis.
3.11 Methodological limitations

The approach adopted for this research inevitably comes with certain limitations related to the

overall methodological approach and the data collection process. First, a mixed-methods
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approach entails specific trade-offs and issues arising from differences in values and norms.
These differences can result in epistemological and ontological inconsistencies and significantly
influence the communication and applicability of the research (Mahoney & Goertz, 2006;
Bryman, 2016). As a result, qualitative and quantitative components can be treated as separate
entities. This separation can lead to differing interpretations of the findings (Bryman, 2007;
Creswell & Plano Clark, 2018). Mitigating such issues typically requires carefully selecting and
applying methods and clearly defining the role of each method and their combinations within the
overall methodological design (Dorkenoo, 2024). I have explained how the presentation of the
results combined the analysed qualitative and quantitative data (cf. Figure 8 and section 3.7) to
give a clearer and more general picture of the research objectives (Yorose, 2019). Also, I
addressed these limitations through triangulation and cross-checking of information collected
from various sources (Adams, 2019) and reaching saturation when no new information or

insights emerged from the data, and previous findings started to be repeated (Miles et al., 2019).

Second, due to the nature of the research, the available resources, and the time frame within
which the research was conducted, I limited the research to two communities. Also, working
with two research communities within these constraints inevitably limited the time and attention
I devoted to each. I, therefore, concentrated on the most critical issues of the research to allow
me to conduct a more in-depth analysis of the two communities to generate valuable findings.
Third, the data collection process is subject to various constraints and biases—such as sampling
process, collaborative field research, and access—that can influence the validity of the data
(Dorkenoo, 2024). For example, collaborative data collection can inevitably introduce biases and
inconsistencies stemming from differences in researchers’ interview approaches and
inconsistencies in language translation (Dorkenoo, 2024). I mitigated this limitation by training
the research assistants and agreeing with them to meet at the close of work every day to discuss
the day’s work and plan for the following day. Also, we agreed on bi-weekly reflections to

review the data collection process and ensure consistency.

Fourth, access and relationships are central to the research process (Dorkenoo, 2024). In this
research, identifying and engaging with multiple institutions was challenging. I contacted some
institutions through emails and phone calls for interviews. However, the invitations were not

honoured even after follow-up emails and phone calls. I excluded such institutions from the
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research. This situation notwithstanding, I interviewed a mix of the three institutional types—
state/public (n=4), private/market (n=1), and civic/civil society (n=3) to ensure that the data
represented the institutional landscape in the district. Also, institutions may lack comprehensive
or accurate records of their support programmes and institutional representatives may have
vested interests, leading to selective disclosure of information. I therefore utilised secondary data
sources to contextualize data and corroborate and support evidence collected during interviews,
observations and other sources (Bowen, 2009; Yin, 2018). Fifth, research participants may
struggle to recall details about past institutional support or climate-related events accurately,
especially without written records (Adams, 2019). They may also provide responses they believe
align with what researchers want to hear. I addressed this limitation by using different sources of

information, including focus group discussions and household surveys (cf. Figures 4 and 5).

Finally, this thesis is structured as a hybrid model in accordance with the UTS Graduate
Research Candidature Management, Thesis Preparation, and Submission Procedures (2019), with
Chapters 4, 5 and 6 comprising individual papers that have been published or are under review.
In such a format, some redundancy across chapters is unavoidable because each empirical
chapter is designed to stand alone and provide the necessary context. Nevertheless, I carefully

minimised overlaps and ensured that the narrative remains coherent throughout the thesis.

With the research methodology and context established, the next three sections focus on the
empirical chapters that present the core findings of my study. By first detailing the research
methodology and context, I provide a clear roadmap for understanding how the findings were
generated. I systematically explore the key themes of my research in the empirical chapters—
factors influencing adaptation, the role of intersectionality, and institutional support—offering

in-depth analysis and evidence-based insights.
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Chapter Four

Factors influencing climate change adaptation by smallholder farmers in the Talensi

district of Ghana

Chapter four is an article submitted to Agroecology and Sustainable Food Systems. It is under
revision. The paper answers research question 1: which factors influence climate change

adaptation by smallholder farmers?, and its sub-research questions:

1. How do perception, livelihood capitals and institutional intervention, individually and in
combination, influence smallholder farmers’ adoption of a range of common adaptation
actions to reduce their vulnerability to climate change?

ii. Is smallholder farmers’ adoption of multiple adaptation actions complementary?

iii. What rationale—based on smallholder farmers’ lived experiences of unique contexts —

explains smallholder farmers’ practice adoption?

This chapter examines the factors that shape smallholder farmers’ adoption of climate change
adaptation actions in the Talensi district, a recognized climate change hotspot in Ghana. Using a
mixed-methods approach—including stepwise logistic regression and thematic and narrative
analyses—the study explores how climate perception, livelihood capitals, and institutional

interventions influence farmers’ adaptation decisions.
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Factors influencing climate change adaptation by smallholder farmers in the Talensi

district of Ghana

Abstract

This study investigates factors influencing smallholder farmers’ choice of climate change actions
in one of Ghana’s climate change hotspots—the Talensi district. A stepwise logistic regression
model and thematic and narrative analyses were employed to examine the impacts of climate
perception, livelihood capitals, and institutional intervention on smallholder farmers’ adoption of
six common climate change actions. All smallholder farmers reported adopting one or more
actions to reduce their vulnerability. Planting improved crop cultivars was most commonly
adopted (89% of farmers), and raising more livestock was least common (19%), with
complementarities observed among the climate change actions. The adoption of some climate
change actions was influenced by a large number of complex interacting variables (e.g., planting
improved crop cultivars), and others were less so (e.g., raising additional livestock). Given the
unique contexts of farming communities, agricultural policymakers, development practitioners,
and decision-makers at different institutional levels must intensify their efforts to promote
context-specific and targeted climate change actions which consider the vital role of farmers’
perceptions, livelithoods and institutional factors in their adaptation decisions. Also,
consideration should be given to how smallholder farmers combine climate change actions, with
a focus on the complementarity of these practices and the factors influencing their adoption,
while also acknowledging that the attributes of individual actions remain important to develop
appropriate packages of actions to shape farmers’ adaptation decisions and minimise climate

risks.
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4.1 Introduction

Extreme weather events linked to climate change, including changes in precipitation, droughts,
floods, and heat waves, have significantly damaged agricultural production (Tong et al. 2024).
The impacts of these events are severe on farmers in developing countries, with smallholder
farmers being the most vulnerable and least empowered to address climate impacts (Food and
Agriculture Organization [FAO] and the African Union Commission [AU] 2022). As climatic
changes amplify the vulnerability of farming communities, farmers must adapt their production
systems to cope with climate risks and opportunistically utilise prevailing conditions
(Intergovernmental Panel on Climate Change [I[PCC] 2022a). The choice of adaptation strategy
involves adoption decisions (Zilberman et al. 2012), which are multi-stage processes where
farmers implement adaptation actions to varying degrees to maximise the benefits (Adesina and
Zinnah, 1993). Therefore, smallholder farmers’ adoption of adaptation strategies is central to

overall adaptation success (Lamichhane et al. 2022).

Climate change adaptation and adoption of innovations are related fields of research. Rodima-
Taylor et al.,2012, p.107) define innovations as human adaptations to changing needs and socio-
economic conditions and are therefore embedded in social processes. In agriculture, factors
affecting innovation adoption by farmers have been studied extensively (e.g. Montes de Oca
Munguia et al. 2021). In both adaptation and adoption, the characteristics of the innovation and
those of the adopter, in addition to local biophysical, socio-cultural and institutional contexts,
mediate practice change and may encompass the adoption of technology transfer across locations
and interventions by institutions. However, Zilberman et al. (2012) distinguish between
adaptation and adoption based on intent, with adoption primarily focused on economic outcomes
(considerations of profit, risk, credit and biophysical constraints) and adaptation with a reduction

in vulnerability to major shocks (such as climate change).

For farmers, while models to describe and predict the adoption of innovations abound (Montes
de Oca Munguia et al. 2021), studies of climate change adaptation have largely occurred through
the lens of adaptive capacity. Adoption of adaptation actions depends on farmers’ adaptive
capacity to control tangible and intangible resources (Tong et al. 2024). According to IPCC
(2022a), adaptive capacity is the ability of systems, institutions, humans, and other organisms to

adjust to potential damage and capitalise on opportunities to respond to consequences. Adaptive
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capacity predicates the success of climate adaptation, and its assessment identifies the factors
hindering or promoting adaptation (Elrick-Barr et al. 2022). Adaptive capacity assessment has
evolved through several generations to advance understanding of the complex influences that
drive the uptake of adaptation actions (Gupta et al. 2010). Its early conceptualisations focused on
objective levels of resource availability (or asset deficit models) (e.g. Brooks and Adger, 2004)
followed by recognition of the influence of psycho-social attributes, such as perception of risk
and uncertainty, in driving change (Grothmann and Patt, 2005). Later conceptualisations
incorporate the need for transference of capacity to encourage system-scale transformation
(Elrick-Barr et al. 2022). This evolution has emphasised governance and institutional
interventions (Agrawal 2010) as critical interacting factors in developing and sustaining the

capacity to adapt.

Previous studies have explored the factors influencing farmers’ adoption of climate change
adaptation strategies in SSA (Adeagbo et al. 2023). Although these studies provide rich insights
into the factors influencing the adoption of adaptation strategies, significant research gaps remain
(Asante et al. 2024). Most existing research concentrates on specific factors influencing farmers’
adoption decision-making, resulting in a lack of comprehensive research that examines the
multifaceted factors influencing their adoption of climate change actions (Tong et al. 2024). For
example, a literature review on agricultural technology adoption revealed that while the factors
influencing adoption are varied, most identified determinants seldom include latent perception
factors related to adoption but are important for adaptation (He et al. 2022; Gudina and Alemu
2024). While climate perception is a central feature of farmers’ adaptation decisions, the
adaptation literature in the developing world often focuses on the significance of resources
available to farmers to develop strategies within a specific institutional context to achieve
sustainable livelihood outcomes (He et al. 2022). With the increasing severity of climate change
and with more countries and regions prioritising adaptation, the role of institutions in climate

change adaptation warrants greater attention (IPCC 2022b).

Previous studies have often focused on individual adaptation actions, often assuming that
farmers adopt only one action at a time on their farms (Asante et al. 2024). However, farmers are
more likely to adopt a combination of adaptation actions to overcome production challenges,

suggesting complementarity among actions often ignored in adaptation studies (Adeagbo et al.
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2023). Accordingly, Gudina and Alemu (2024) called for further empirical investigation to
understand the factors influencing smallholder farmers’ adoption of multiple adaptation actions
and their complementarity. Furthermore, studies of practice adoption often fail to consider the
lived experiences of smallholder farmers and how their unique contexts and experiences shape
their adaptation behaviours (e.g. Llewellyn and Brown 2020). These oversights are not unique to
any specific region, as evidenced by the situation in Ghana (Asante et al. 2024) and other regions
(e.g. Aqib et al. 2024). Against this background, there are research and knowledge gaps in
understanding how perception, livelihood capitals and institutional interventions, individually
and in combination, influence smallholder farmers’ choice of adaptation actions to reduce their
vulnerability to climate change in Ghana. While recognising the difficulty of capturing the full
complexity of adoption decisions and limited consideration of technological and structural
drivers (Rodriguez-Barillas et al. 2024; Ricart et al. 2025), this paper aims to investigate the
relative influence of perception, livelihood capitals and institutional interventions on smallholder
farmers’ adoption of a range of common adaptation actions to reduce their vulnerability to

climate change.

4.2 Methods and materials
4.2.1 Survey design and data collection

This study analyses the factors influencing smallholder farmers’ adoption of climate change
actions in semi-arid Ghana. The study adopted a pragmatic, mixed-methods approach to unravel
the complex contexts and realities that characterise the lives of rural people (Strijker et al. 2020).
According to Strijker et al. (2020), the mixed-method approach has gained importance in many
fields—including agricultural studies, rural development, and poverty studies—for analysing
social phenomena from diverse perspectives. Qualitative information was obtained through Key
Informant Interviews (KIIs) and Focus Group Discussions (FGDs), while household surveys
were used to collect quantitative data. Such mixed-method approaches help gain deeper insight
into the decision-making processes involved in farmers’ adaptation strategies. Also, they may
uncover hidden determinants of practice change that are difficult to capture by a survey alone

(Aqib et al. 2024).
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4.2.2 Study area description

Fieldwork was conducted in the Talensi district in Ghana’s northern savannah Agro-ecological
Zone (AEZ) (Figure 10) between September 2022 and March 2023. Within this period, the
smallholder farmers were engaged in farming activities, allowing for field-based observations of
adaptation strategies. This district was selected due to its unique local socio-economic and
climatic characteristics, such as climate-induced exposures, ecological sensitivity, historical lack
of development, presence of institutions championing adaptation interventions and improved
agricultural practices, and its agro-pastoral based livelihoods (Opoku Mensah et al. 2023). The
Talensi district experiences a tropical climate characterized by two distinct seasons: a highly
variable rainy season from May to October, and a dry season from November to April. The
district receives an average annual rainfall of 950 mm. Temperatures peak at around 45°C in
March and April, while the lowest temperatures, around 12°C, occur in December (GSS, 2014;
TDA, 2022). The district’s agricultural production system is environmentally fragile and largely
dependent on rain-fed (non-irrigated) dryland farming (Opoku Mensah et al., 2023).
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Figure 10: Map of the Talensi district, showing the locations of Awaredone and Yameriga.

Source: Opoku Mensah et al. (2023); Abunyewah et al. (2024).
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Talensi district has experienced major impacts of climate change, including drought, famine,
crop loss, floods, wildfires, and pest infestations (TDA 2022). Agriculture plays a significant role
in the district, with 91% of households engaged. These households are primarily smallholders
dependent on a favourable climate for their agricultural production (TDA 2022). Agro-
pastoralism (crop farming and livestock production) is the main agricultural activity, with some
silviculture and aquaculture also practised (TDA 2022). The district’s smallholder agro-pastoral
farmers have witnessed annual rainfall wvariability, loss of forest cover, biodiversity
disappearance, and loss of productivity from declining soil fertility (TDA 2022). The agro-
pastoral production system in the Talensi district represents one of Ghana’s most vulnerable
production systems because of its susceptibility to climate-related hazards such as rainfall
variability, seasonal temperature changes, and extreme events, coupled with persistent poverty
and limited infrastructure development (TDA 2022). Talensi district’s smallholder farmers are
subject to institutional interventions to promote adaptation and maintain sustainable livelihoods,
including capacity building and ecological restoration (Opoku Mensah et al. 2023; 2024). The
biophysical environment and strong institutional presence in the Talensi district (Abunyewah et

al. 2024) contributed to the site selection for the case study.

4.2.3 Data collection

Data collection consisted of semi-structured interviews with key informants from local
institutions involved in climate change and agricultural production, followed by community-
based focus group discussions and surveys of heads of households. Figure 11 shows the

schematic view of the research process.
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Figure 11: Schematic view of the research process

Four research assistants, native to the study communities, were recruited to support the principal
researcher during data collection. For the two Key Informant Interviews (KIIs), the Department
of Agriculture (DoA) and the TDA were interviewed by the principal researcher due to their
extensive experience, knowledge, and recognised involvement in climate change initiatives,
agricultural production and rural development in the district. The interviews focused on the
nuances of the district’s agricultural practices, livelihood portfolios, and prevailing climate issues.
The knowledge gathered from these KlIs provided the basis for selecting the study communities.
Two agro-pastoral communities, Awaredone and Yameriga (cf. Figure 10), were selected from
the district’s three area councils informed by the local socio-economic and climatic
characteristics, natural environment, agro-pastoral production systems, and institutional presence.
These communities were at discrete locations in the district and had similar sizes and populations,
with several institutions operating in them—state/public, private/market, and civic/civil society

(Abunyewabh et al. 2024).

Following the KlIs, six FGDs were conducted, with three in each community, to facilitate
collective dialogues, gather diverse perspectives and assemble valuable insights from the
discussants’ lived experiences (Opoku Mensah et al. 2023). The discussions were open-ended,

and each group consisted of 5-10 participants, including community opinion leaders like chiefs
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or their representatives, assembly members, local group leaders, and heads of households. Due to
the district’s patriarchal nature, which often discourages women and youth from speaking freely
in mixed groups (Opoku Mensah et al. 2023), participants were grouped by gender and age:
men-only, women-only, and youth-only. This approach aimed to create a more comfortable
environment, allowing participants to express their views and potentially highlighting any social
differences in perspectives. According to Aqib et al. (2024), including underrepresented farming
groups, such as women and youth, adds more nuance to understanding farmers’ adaptation
behaviours and ensures a more comprehensive appreciation of communities’ adaptation

strategies.

The principal researcher co-moderated the FGDs. Two research assistants assisted in each
community, serving as co-moderators, note-takers and interpreters. Discussions were held in the
local Talen and Guruni dialects, each lasting approximately three hours. They were scheduled for
late afternoons after farmers had completed their daily activities to ensure maximum
participation. The discussion topics, which included climate change perception and impacts,
access to livelihood capitals, climate change actions and institutional interventions, were audio-

taped with the consent of the participants.

After the FGDs, a preliminary questionnaire was pretested with 20 households in September
2022. Based on feedback from respondents, the questionnaire was finalised, which consisted of a
set of open and closed-ended questions divided into four parts to elicit information on the heads
of households’: 1. socio-economic characteristics; 2. access to resources as livelihood capitals; 3.
perception of climate impacts, challenges and climate change actions; and 4. institutional
interventions. The survey instrument was digitised using the Open Data Kit (ODK) mobile app
to enhance the quality and efficiency of data collection. ODK allowed all collected data to be
verified by the principal researcher and uploaded to a secure server daily (Abunyewah et al.
2024). The finalised questionnaire was conducted with 130 agro-pastoral households, defined as
those who considered crop farming as their primary source of income and owned at least five
head of cattle and a herd of sheep or goats (Zampaligré et al. 2014). In addition to engaging in
agro-pastoral activities, selected households must also have received climate change support
from institutions. The surveys were conducted in the local dialects of Talen and Guruni and were

45-60 minutes in duration.
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A systematic sampling method was employed to select participating households (Mostafa and
Ahmad 2018). According to the specifications of the sample frame and inclusion criteria, 65
agro-pastoral households were selected and interviewed in each of the two communities. Thus,
130 valid questionnaires were returned for the two communities of Awaredone and Yameriga.
Cochran’s formula (Cochran, 1977) was used to determine the sample size needed to satisfy a
95% confidence level (z=1.96), 91% agricultural households and a 5% level of precision (o)

from 14,291 total households as follows:

Cz%xpx (1-p) 1962+ 0.907 x (0.093)

@? n (0.05)? n =130

n

n = sample size, z = critical value of desired confidence level, p = degree of variability in the

population and a = desired level of precision.

Only the heads of households or household agricultural decision-makers participated in the

survey in each household.

4.3 Data Analysis
4.3.1 Quantitative data analysis

The household data was exported from the ODK server, cleaned and imported into Statistical
Package for Social Science (SPSS) Statistics 28 and Microsoft Excel 2019 for analysis.
Descriptive statistics (frequencies and percentages) were calculated, and a stepwise logistic
regression model was employed to analyse the factors influencing farmers’ adoption of climate
change actions. The model’s explanatory variable is dichotomous, i.e. adoption/non-adoption of
a particular adaptation strategy (yes = 1, no = 0) (see Yimam and Holvoet 2023 for validation). A
fundamental challenge with the stepwise regression model is that some real explanatory variables
with causal effects may not be statistically significant, while nuisance variables may be
coincidentally significant (Smith 2018). To overcome these issues, plausible explanatory
variables that influenced the adoption of climate change actions were identified among
smallholder farmers during the FGDs and key informant interviews. This approach satisfies
Smith’s (2018) insistence on using context-specific information and opinion in selecting the
initial list of predictors in a stepwise regression model. Stepwise regression of the survey

responses was then used to prune the identified plausible explanatory variables into a more
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parsimonious set of the most useful predictors associated with adopting adaptation strategies.
Additionally, a multivariate probit model was used to test for complementarity in adoption

among the selected strategies (Gudina and Alemu 2024).

4.3.2 Variable settings

The stepwise regression model has three components, which were applied additively in an order
that followed the logic of farmers’ adoption of climate change actions: 1. perception of risk, 2.
deployment of livelihood assets, and 3. access to institutional support mechanisms. Because
climate perception is a primary influence of adaptive behaviour in farmers (Grothmann and Patt
2005), their perception of meteorological parameters of precipitation, temperatures and extreme
events were selected, as shown in Table 6. Key indicators representative of endowments of
smallholder farmers’ livelihood capitals were also identified as likely influencing adopting
climate change actions (Ellis 2000). Including the livelihood capitals allowed exploration of the
influence of resource availability on adaptation. The study adopted the five capitals framework—
human, social, natural, physical and financial—as the key components shaping a farmer’s
adaptive capacity (Ellis 2000). Specifically, given that adaptive capacity is contingent upon
specific local conditions or contexts (Adger et al. 2004), 24 locally relevant indicators of the five
capitals were included based on their current capacity to support or constrain climate adaptation
as identified during the discussions (see Table 6). Also, because climate change adaptation does
not occur in an ‘institutional vacuum’ (Agrawal 2008, p. 19), key institutional interventions
influencing smallholders’ adaptation behaviour were included, as identified during the
discussions (Table 6). The description of the variables is shown in supplementary material 1, and

the key institutional interventions are detailed in supplementary material 2.

Table 6: Identified indicators during the focus group discussions

Types Variables

Intervention Training and capacity building
Technology transfer

Input supply
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Marketing and value chain integration
Human capital Farming experience
Household size
Age
Level of education
Gender
Social capital Community group
Farmer networks
Social networks
Access institutional support
Access to information
Natural capital Manage tree/forest
Decision over farmlands
Farmland area
Land tenure system
Climate variability
Physical capital Improved agricultural practices
Farm machinery and tools
Communication systems
Infrastructure

Financial capital Secondary occupation

104



Value of livestock
Access to credit
Agricultural subsidy
Remittances
Climate Perception Precipitation
Temperature

Extreme events

The analysis and subsequent discussions concentrated on the sets of factors most closely
associated with adopting specific adaptation strategies and focused on only the coefficients

significant at P<0.01 to avoid the inclusion of coincidental correlations.

4.3.3 Econometric model setting

Following He et al. (2022), a stepwise regression model was used to explore the factors
influencing the smallholder farmers’ adoption of climate change actions. The specific functional
form is:

prob(event) = e?/(1 + e%)
Where: Zi = B, + B xy; + Bx2 + - + B xpi> and p = number of independent variables.
The probability of an event not occurring is:
prob(noevent) = 1 — prob(event)

Transform the equation:

prob(noevent)
prob(event)
In m =By + B x1 +Byxa + o +)3pxpi

When there is a unit change in argument i, there is a change in the probability of the event Exp

(B)’s occurrence.
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4.3.4 Multicollinearity diagnosis

Multicollinearity occurs when an approximately linear relationship exists between two or more
independent variables (Chan et al. 2022). A multicollinearity test using Variance Inflation Factor
(VIF) and Tolerance was performed to determine if the independent variables were highly
correlated. Hair et al. (2019) suggest that a VIF exceeding 4.0 and a Tolerance of less than 0.25
indicate a multicollinearity problem and are unacceptable. After analysing multicollinearity, the
VIF values ranged from 1.28 to 2.58, and Tolerance levels varied between 0.39 and 0.78. These
results indicate no violation of the multicollinearity assumption among the independent variables

in the regression analysis.

4.3.5 Qualitative data analysis

Qualitative data from six FGDs were analysed using thematic and narrative analysis (Bryman
2012). Audio recordings from the FGDs were transcribed verbatim into text, translated into
English and read several times to identify and thoroughly understand the raw data (Moller et al.
2018). The texts from the FGDs were assembled and compared against the recorded audio files
to understand the varying opinions within the text and to ensure the accuracy of the data (Meller
et al. 2018). NVivo 14 was used to code the transcripts to identify recurrent and interconnected
themes from the discussions. The thematic areas derived from the analysis (Bryman 2012) were
climate change and its impacts on the district, institutional support, adoption of climate change
actions and their influencing variables, including the attributes of the practice. Narrative analysis
allows for the use of quotations to emphasise stories from participants, substantiate claims and
illustrate the interconnections between themes (Bryman 2012). To ensure rigour and
trustworthiness, participants’ own words were maintained with low use of inference descriptors
(Baxter and Eyles, 1997). Saturation was reached when no new information or insights emerged

from the data, and previous findings started to be repeated (Miles et al. 2019).

4.4 Ethics approval

The research received approval from the Human Research Ethics Committee (HREC) at the

University of Technology Sydney (UTS), under approval number UTS HREC ETH22-7303.
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Before administering KlIIs, FGDs or questionnaires, all participants provided informed consent

for their involvement.

4.5 Results
4.5.1 Smallholder farmers’ climate change actions

This section focused on the climate change actions of smallholder farmers to minimise the
impacts of extreme weather events and climate change. All farmers (n=130) reported adopting
one or more climate change actions (Figure 12), with planting improved crop cultivars being the
most common (89% of smallholder farmers) and raising more livestock being the least common

(19% of smallholder farmers).

Practice agroforestry 56%

Adjust planning calendar 38%
T7 i
_/— =y Diversi
55 ( :

fy livelihoods 66%

Improved cultivars 89%

39

Apply agrochemicals 60%

Figure 12: Infographic showing the percentage of smallholder farmers’ adoption of climate

change actions (icons and their %) and the complementarity (decimal correlation coefficients,
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thickness of connecting lines and proximity of icons) of the six actions associated with climate

change adaptation. All correlations shown were significant at P<0.01.

The results of the multivariate probit model showed that 12 of the 15 pairwise correlation
coefficients were positive and significant at P=0.01 (Figure 12), indicating complementarity of
adoption by the smallholder farmers among the climate change actions. The likelihood ratio test
was also significant at P=0.01, indicating mutual interdependence among the multiple climate
change actions. Adoption of agroforestry and livelihoods diversification were closely correlated
practices (R=0.77), as were raising more livestock and applying agrochemicals (R=0.62).
Planting improved cultivars was correlated (R>0.50) with agrochemical application, adjustment
of the planting calendar and raising additional livestock, suggesting these actions formed a

complementary ‘technology package’ to optimise the potential benefits of high-yield varieties.

4.5.2 Factors associated with smallholder farmers’ climate change actions

For the climate change actions shown in Figure 7, a stepwise regression model was used to
analyse the impacts of climate perception, livelihood capitals, and institutional intervention on
smallholder farmers’ adoption of each action in response to climate change. The detailed
estimation results for all variables influencing smallholder farmers to adopt climate change
actions are shown in supplementary material 3. The pseudo R? (Table 7) increased with the
addition of each variable, although the extent of the increase varied markedly among the
strategies. Perception alone was weakly associated with adoption for four of the six actions, with
planting improved cultivars, diversification of livelihoods, application of agrochemicals and
practising agroforestry showing pseudo R? values less than 0.046. However, perception was
closely associated with adjustment of the planting calendar and raising additional livestock with

acceptable pseudo R? values of 0.61 and 0.75, respectively.

The addition of livelihood capitals (Model 2) and institutional interventions (Model 3) improved
the model’s association with the adoption of all actions, with pseudo R? values ranging from
0.289 to 0.810 and 0.324 to 0.817, respectively. The improvement in pseudo R* was greatest for
strategies with the poorest fit under Model 1.
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Table 7: Pseudo R? of stepwise regression models for adaptation strategies

Climate change action Regression model
Model 1 Model 2 Model 3
Perception Perception + Perception + capitals +
capitals interventions

Plant improved crop 0.043 0.360 0.594
cultivars

Diversify livelihoods 0.043 0.377 0.419
Apply agrochemicals 0.027 0.331 0.359
Practice agroforestry 0.046 0.289 0.324
Adjust planting calendar 0.610 0.754 0.765
Raise more livestock 0.748 0.810 0.817

4.5.3 Association of climate perception with the adoption of climate change actions

Three variables were included in the climate perception model: precipitation, temperature and

extreme events (Table 8). While the model coefficients of all climate perception variables were

significant at P<0.05, the adoption of adjustments to the planting calendar and raising additional

livestock were most strongly associated with perceived changes in precipitation (P<0.01). The

odds ratios of the coefficients indicated that smallholder farmers who perceived changes in

precipitation were at least 1.5 times more likely to adopt these actions.

Table 8: Estimation results (model coefficients, 8, and odds ratios) for the influence of Model 1

(climate perception) on the adoption of selected adaptation strategies

Perception Statistic Adjust planting Raise more livestock

variable calendar
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Precipitation B 0.435%*%* 0.455%%

Odds Ratio 1.545 1.576
Temperature B 0.012%** 0.004%*
Odds Ratio 1.012 0.996
Extreme events B 0.037%%** -0.011%**
Odds Ratio 1.038 0.989
Pseudo R? 0.610 0.748

Note: *, ** *** indicate significant statistical levels of P < 0.1, P <0.05, P <0.01, respectively.

4.5.4 Association of livelihood capitals with the adoption of climate change actions

When variables associated with each of the livelihood capitals were added to climate perception
in Model 2, the fit of the model improved. The pseudo R? values of Model 2 rose to above 0.30
for three climate change actions that were not closely associated with climate perception alone.
As shown in Table 6, pseudo R? for the fit between livelihood capitals + perception and growing
improved crop cultivars rose from 0.043 to 0.360, with diversification of livelihoods from 0.043
to 0.377 and with application of agrochemicals from 0.027 to 0.359. The addition of livelihood
capitals also improved the model’s fit for the adoption of planting calendar adjustment (from
0.610 to 0.754) and for increased livestock production (from 0.748 to 0.810) over Model 1 alone.
Some climate change actions were influenced by a large number of complex interacting variables
(e.g., planting improved crop cultivars), and others were less so (e.g., raising additional
livestock). However, while the adoption of improved crop cultivars was significantly (at P<0.01)
associated with eight livelihood variables, a few variables were relatively more influential on the
model based on the value of the model coefficients (Table 9). More specifically, of the range of
factors associated with improved cultivar adoption, access to information (f = -0.149*** O.R. =
0.862) and the value of livestock (B = 0.110*** O.R. = 1.116) had the greatest influence.
Similarly, climate variability (B = 0.224*** O.R. = 1.251) and secondary occupation (f =

0.194***  O.R. = 1.214) were associated with the application of agrochemicals by farmers.
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Climate variability was significantly associated with adoption across all climate change actions

except raising additional livestock, although the values of the model coefficients were often low.

Table 9: Model coefficients () significant at P<0.01 for associations between livelihood capital

variables and adaptation strategies in Model 2.

Climate change action

Capital Plant Diversify Apply Adjust Raise more
improved crop  livelihoods agrochemicals  planting livestock
cultivars calendar

Human Level of Level of

education education
(0.003)
(0.016)
Farming
experience
(0.054)
Social Social Social
networks networks
(0.024)
(0.003)
Access to
information
(-0.149)
Natural Land tenure
(-0.02)
Climate Climate Climate Climate
variability Variability Variability variability

111



(-0.107) (0.009) (0.224) (0.060)

Physical Infrastructure
(-0.052)
Financial Secondary Secondary
occupation occupation
0.081) (0.194)
Value of Value of Value of
livestock livestock livestock
(0.110) (0.079) (0.001)
Remittances
(0.026)
Total 8 4 2 3 1

4.5.5 Association of institutional interventions with the adoption of climate change actions

As with Model 2, when institutional interventions were added to climate perception and
livelihood capitals in Model 3, the model’s fit improved. The pseudo R? values of the model rose
to above 0.30 for all the climate change actions (Table 7). Variables related to institutional
interventions were associated significantly (at P<0.01) with the adoption of three actions
(planting improved cultivars, diversification of livelihoods and practicing agroforestry) (see
supplementary material 3). Among the interventions, technology transfer (B = 0.141*** O.R. =
1.151), training and capacity building (B = 0.239*** O.R. = 1.270) and marketing and value
chain integration (B = 0.262*** O.R. = 1.300) were associated with planting improved crop

cultivars, practicing agroforestry, and diversification of livelihoods respectively.
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4.5.6 Qualitative analysis of variables associated with strategy adoption

The following section reports the analyses of qualitative information gathered from focus group
discussions with smallholder farmers about climate change and its impacts on the district and
how, in practice, the adoption of climate change actions was influenced by variables identified as
significant in the stepwise regression models. Where there was divergence between the views
expressed by men, women and youth in the study locations, these are included in the narrative

analysis under their respective thematic areas.

4.5.6.1 Climate impacts

Across all the focus groups, farmers agreed that they were experiencing climate change and its
impacts on the district. They identified drought, storms, heat waves, and flooding as the district’s
most typical extreme climate events. They also reported experiencing late onset, early cessation,
and intense and short rainy seasons. The farmers suggested these extreme events have been more
frequent over the past ten years and caused significant impacts on their agricultural production.
The focus group participants indicated that the most commonly experienced climate impacts
were crop failure, yield losses, decreased livestock productivity, unavailability of pasture and

water scarcity. The following quote is typical of the views expressed by farmers across all FGDs:

The impacts of climate change on our agricultural activities are profound and varied.
The unpredictability brought by climate change has completely disrupted our farming

calendar. The future of our agriculture faces significant threats from climate change.
Awaredone men FGD

4.5.6.2 Plant improved crop cultivars

Influence of livelihood capitals on the adoption of improved crop cultivars

Of the eight variables significantly associated with planting improved crop cultivars, modelling
in Table 8 indicated three as most influential: access to information and climate variability
(negatively correlated) and value of livestock (positively correlated). For access to information,
farmers reported that despite the promise of improved crop cultivars, accessing reliable

information on utilising them in local farming systems was challenging. Farmers indicated they
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heard about new varieties through radio broadcasts and occasional institutional workshops.
However, detailed guidance on cultivation practices, soil requirements, and pest management
was often missing or too generic. This lack of precise information led some farmers to use
inappropriate agronomic practices for improved cultivars and limited their performance under
local conditions. Farmers described the lack of appropriate agronomic advice as a missed

opportunity to enhance their productivity, as summarised by a young farmer in Awaredone:

As eager as I am to adopt improved agricultural practices, conflicting advice and
information have marred my experience. With so many institutions promoting different

ideas, it has become complicated to discern which options suit our local environment.
Awaredone youth FGD

Regarding climate variability, smallholder farmers reported that erratic rainfall patterns and
prolonged droughts severely impacted their ability to plant improved crop cultivars. The
changing climate made planning and investing in these new cultivars increasingly difficult and

increased the risk of heavy losses. A farmer in Awaredone explained:

With the increasing unpredictability of our climate, each planting season feels like a
gamble. The improved crop cultivars... have not been able to withstand the sudden
extreme weather events we now face.

Awaredone men FGD

Raising livestock alongside crops was considered an integral part of agricultural practices in the
district. Farmers suggested livestock in the Talensi district were critical as a stepping stone
towards a diversified and sustainable agricultural livelihood that enabled them to navigate the
challenges of modern farming with greater confidence. As the quote below shows, farmers
reported that livestock sales, particularly under poor seasonal conditions, provided them with the
necessary capital to invest in innovative agricultural technologies. Additionally, they recognised
that manure from livestock provided organic fertiliser and enhanced the sustainability of their

farms.
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By managing and selling part of my herd, I have invested in small-scale beekeeping and
vegetable gardening, which provides products and income year-round, unlike the

seasonal limitations of traditional crops.
Yamergia youth FGD

Other livelihood variables associated with adopting improved crop cultivars included level of
education, social networks, land tenure, infrastructure and remittances (Table 9; refer to
supplementary material 4 for quotes). Farmers reported that completion of a higher level of
education empowered them with the skills to critically assess new agricultural innovations and
seamlessly integrate them into their farming operations, substantially improving productivity and
profitability. Farmers indicated that social connections with fellow farmers were crucial in the
district, where tradition often dictates the flow of knowledge and resources. They frequently
accessed gatherings where older, more experienced farmers shared their wisdom. Learning from
their successes and failures gave the farmers confidence to try innovative farming practices, such

as planting new crop varieties.

Uncertainty surrounding land tenure affected all smallholder farmers, but security for men
appeared marginally better than for women and youth, who were often relegated to relatively less
productive areas. The fear of losing land through unexpected land ownership claims or disputes
made investments in improved crop cultivars too risky for many farmers, which stifled
innovation and kept the farmers tied to traditional crops that were less productive. Farmers
expressed concern that their communities lacked infrastructure, such as functional irrigation
systems to store and distribute water effectively, to take full advantage of improved crop
cultivars. Furthermore, they questioned their communities’ capacity to support sustainable
agricultural advancements under current infrastructure constraints. Remittances appeared to play
a critical role in enhancing the agricultural practices of smallholder farmers. Farmers suggested

remittances provided the financial means required to adopt improved crop varieties successfully.
Influence of institutional interventions on adoption of improved crop cultivars

The modelling of the four institutional intervention variables indicated that only technology

transfer was influential in adopting improved crop cultivars. Farmers felt it was critical to ensure
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they had the necessary skills and resources for successful adoption. A man in Awaredone

revealed:

Benefitting from the supply of small-scale farming machinery was a turning point for me.
Access to this machinery significantly reduces the labour intensity, time required for
farming and investment in improved cultivars. They enable me to cultivate larger [areas

of] farmland more efficiently.
Awaredone men FGD

4.5.6.3 Diversify livelihoods

Influence of livelihood capitals on the adoption of livelihood diversification

Table 9 shows that four variables (level of education, climate variability, secondary occupation
and value of livestock) were significantly associated with diversifying livelihoods. However, the
values of the model coefficients were often small (refer to supplementary material 4 for quotes).
Farmers revealed that completion of a higher level of education enabled them to secure
employment with stable incomes, part of which they dedicated to diversifying their livelihoods
away from solely relying on agriculture. They reported that such practices catalysed change and
enabled them to transform their households’ economic landscape. The farmers revealed that
climate variability has made it clear that relying solely on agriculture was no longer viable. This
reality pushed them to diversify into agro-processing, such as shea butter, groundnut and Parkia
biglobosa/African locust bean (Dawadawa in the local language), which provided a stable

income even in poor agricultural seasons.

Farmers also expressed that having a secondary occupation alongside agriculture highlighted the
importance of ‘not putting all of one’s eggs in one basket’ because it increased their incomes and
reduced the risks associated with crop failures. The value of livestock was also significantly
associated with the adoption of livelihood diversification. Farmers indicated that raising
livestock was a cornerstone of their livelihood for generations and had significantly empowered
them to diversify beyond traditional crop farming. The farmers believed that income from selling
livestock, particularly before crops were ready for harvest, provided them a crucial financial

buffer.
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Influence of institutional interventions on the adoption of livelihood diversification

Marketing and value chain integration was associated with the adoption of livelihood
diversification. Farmers reported that when institutions—state/public, private/market, and
civic/civil society—support them with marketing and value chain integration interventions (see
supplementary material 2), it enhanced their marketing skills and gave them the confidence to
innovate and expand into new areas. They suggested that their understanding of market dynamics
and integration into agricultural value chains shifted their approach to farming. A farmer

commented:

The support I received from an agricultural development programme in improving access
to markets and integrating us into value chains was decisive. With the training and
connections I received, I ventured into processing my produce, starting with small-scale

groundnut oil extraction.
Yameriga women FGD

4.5.6.4 Apply agrochemicals

Influence of livelihood capitals on the adoption of agrochemical application

Livelihood capital indicators significantly associated with agrochemical applications were
climate variability and secondary occupation, and the model coefficients for these variables were
relatively large (Table 9). For climate variability, the farmers reported that managing risks
associated with adverse climatic conditions, such as increased temperatures, irregular rainfall
patterns, and extreme climate events on their crop health and productivity, influenced them to

apply agrochemicals. During the discussions, a farmer reported:

Unpredictable rainfall and increasing temperatures stress our crops and encourage the
spread of pests, weeds and diseases. I have turned to agrochemicals as a crucial part of

my farming strategy to combat these issues and secure my harvests.
Yameriga women FGD

Furthermore, secondary occupations provided farmers with the financial means to purchase

agrochemicals. They revealed that the time constraints imposed by their engagement in
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secondary occupations led them to rely more on agrochemicals to ensure crop productivity with

limited labour input. A farmer commented:

With an additional job as a mechanic, I find myself pressed for time. This situation
pushes me to use agrochemicals to ensure my crops stay healthy and productive. It is

quicker and requires less labour to manage pests, diseases, and soil fertility.
Awaredone youth FGD

4.5.6.5 Practicing agroforestry

Influence of institutional interventions on the adoption of agroforestry practices

Training and capacity building were associated with the adoption of agroforestry practices. This
intervention reportedly gave farmers the essential knowledge and skills to integrate trees with
crops and livestock, directly benefiting their farmlands and livelihoods. These benefits ultimately
encouraged the widespread adoption of agroforestry. During the discussions, a smallholder

farmer stated:

A capacity-building workshop on sustainable agriculture I attended was my turning
point. Learning about natural regeneration techniques and their benefits motivated me to
integrate tree planting into my farming operations.

Yameriga youth FGD

4.5.6.6 Planting calendar adjustment

Influence of climate perception on the adoption of planting calendar adjustment

Modelling indicated the perception of changes in precipitation as the most influential variable
associated with the adjustment of the planting calendar (cf. Table 8). Farmers suggested this was
a practice change borne out of observation and necessity. They adjusted the planting calendar to
the sporadic and unpredictable rainfall to ensure the productivity of their farms and safeguard

their livelihoods. The discussions in Yameriga revealed:

The constant changes in rainfall have made me rethink my entire farming schedule. With

rainfall becoming more unreliable, I have adjusted by splitting my planting into two
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phases. This approach allows me to mitigate the risk of total crop failure due to either

early droughts or late floods.
Yameriga women FGD

Although not significant in the modelling, farmers reported their perception of changes in
temperature and extreme events also influenced planting calendar and agricultural activities in
general (refer to supplementary material 4 for quotes). The farmers indicated that rising
temperatures have drastically affected their traditional farming calendar. They noted that
excessive heat stressed young seedlings if planted at the usual time, leading to poor germination
rates. Furthermore, they reported that increasing frequency and intensity of extreme weather
phenomena—ranging from prolonged droughts to flooding—posed substantial challenges to
their traditional farming routines. They were, therefore, increasingly challenged to adjust their

planting calendar to secure their production and livelihoods.
Influence of livelihood capitals on the adoption of planting calendar adjustment

Farming experience, social networks and climate variability were significantly associated with
planting calendar adjustment (Table 9). However, the values of the model coefficients were often
small (refer to supplementary material 4 for quotes). For farming experience, some smallholders
reported that they had accumulated knowledge over the years regarding local weather patterns,
soil conditions, and crop behaviour that enabled them to make informed decisions about the
optimal times for planting to avoid adverse weather events and ensure crop success. Moreover,
they revealed that experienced farmers often served as informal community advisors and shared
their insights and successful strategies with less experienced neighbours. Farmers suggested that
social networks were vital for disseminating information and shared experiences. They stated
that these networks facilitated the exchange of knowledge about optimal planting times and
strategies to adapt to changing weather patterns and climate variability. Farmers revealed that the
trust built within these networks ensured that advice and experiences shared were taken seriously
and considered valuable. Farmers reiterated that climate variability has made farming more
challenging than it used to be. They revealed that changing rainfall patterns and unexpected dry
spells in recent years forced them to rethink the traditional planting times they had followed for

generations.
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4.5.6.7 Raise additional livestock

Influence of climate perception on the adoption of additional livestock raising

Perception of changes in precipitation was the most influential variable associated with raising
more livestock (Table 8). Farmers reported additional livestock buffered against crop failure due
to erratic rainfall. Also, when precipitation was favourable, it supported both crop and livestock
health and productivity. Farmers explained that when there was adequate rainfall, they offered
crops and crop residues as feed for livestock, while livestock provided manure to improve soil
fertility. Some farmers who own draught animals said they used them to prepare farmlands and

transport goods. A farmer noted:

The seasons when we receive ample rainfall are a blessing for our crops and the natural
growth of fodder for livestock. With lush and green fields, I easily graze my livestock
extensively, which leads to better health, weight gain and better selling prices.

Yameriga women FGD

Perception of temperature changes was also associated with raising more livestock, although the
value of the model coefficient was small (refer to supplementary material 4 for quotes). Rising
temperatures affected the viability and productivity of crop farming, and livestock offered a more
complementary and sustainable agricultural practice and livelihood strategy. Farmers stated that
livestock were more tolerant of higher temperatures, which made them a more reliable source of
income, food and livelihood security. They reported that livestock production was a form of
savings or insurance they liquidated in times of need, providing a more flexible asset, as
livestock could be sold or traded to meet immediate financial needs and buffer against climate

uncertainties.
Influence of livelihood capitals on the adoption of additional livestock raising

The value of livestock was significantly associated with raising more livestock (Table 9).
However, the value of the model coefficient was small (refer to supplementary material 4 for
quotes). During the discussions, farmers indicated that livestock was a critical source of income,
food, livelihood security, and a symbol of wealth and socio-cultural status in the Talensi district.

They explained that this multifaceted value of livestock enhanced its attractiveness as an
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investment and drove them to invest in livestock as a sustainable and beneficial agricultural

practice.

4.5.6.8 Other factors influencing the adoption of climate change actions

In addition to how, in practice, the adoption of climate change actions was influenced by
variables identified as significant in the stepwise regression models, the supplementary analysis
showed that the attributes of the climate change actions also influenced their adoption. The
results indicated that farmers would mostly check for the benefits of climate change actions
before adopting them (relative advantage). The results also revealed that the farmers often
rejected climate change actions that undermined their agency by insisting on practices contrary
to what they were comfortable with (compatibility). Such actions were mostly described as
difficult for them to understand, implement, and sustain effectively. Farmers favoured climate
change actions with proven benefits, visible results (observability) and ease of implementation
(complexity). For example, as part of adopting improved crop cultivars, which is the most
common action among smallholder farmers (cf. Figure 7), all FGDs reported that even though
they are faced with climate change and variability, adopting improved cultivars had visible
benefits, such as noticeable increases in productivity and improved resistance to pest and
diseases. Furthermore, they indicated that they could test these cultivars on a small scale without
significant risk, encouraging them to experiment and enhancing adoption rates (trialability).
They added that they observed these advantages in early adopters’ farms, significantly boosting
adoption among most farmers. The quote below captured a typical view expressed by farmers
across all FGDs of how the benefits and ease of integration of improved cultivars influenced

their widespread adoption:

Seeing my neighbour’s success with the improved cultivars made me want to try them,
too. The difference in their crops was clear and impressive. [ am enjoying the same now.

Awaredone men FGD

Similarly, smallholder farmers across all the focus groups adopted agroforestry because it was a
comparatively accessible and inexpensive way to increase crop yields and livestock production
and improve incomes. They added that their agroforestry practices incorporated the natural

regeneration of tree species, which was compatible with their traditional farming practices and
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easily integrated into existing farming systems. The quote below captured a typical view

expressed in FGDs:

With Farmer Managed Natural Regeneration [FMNR] [natural regeneration practice], /
have seen first-hand how my farmland has recovered... It fits right into our existing
farming practices and does not require us to change how we farm much. I tried it out
easily and saw the benefits without much risk.

Yameriga youth FGD
4.6 Discussion

The farming communities of Talensi district, in common with smallholder farmers worldwide,
are vulnerable to climate stressors because they are exposed to environmental threats and
uncertainties and rely on climate-sensitive rain-fed agricultural systems (FAO and AU 2022).
The farmers in this study agreed they were experiencing climate change and identified drought,
storms, heat waves, and flooding as the district’s most typical extreme climate events. The
impacts of these events included crop failure, yield losses, decreased livestock productivity,
unavailability of pasture and water scarcity. Exposure to these impacts reduced agricultural
production and threatened livelihoods, driving farmers in the Talensi district to seek innovative
practices to reduce their vulnerability (Gudina and Alemu 2024; Hanly and McDowell 2025).
The study identified the popularity of a range of climate change actions as changes in farming
practices, the existence of complementary adoption of multiple actions and the rationales
explaining practice adoption. All farmers adopted one or more climate change actions, which
included (from most to least common, Figure ) planting improved crop cultivars, livelihood
diversification, application of agrochemicals, practising agroforestry, planting calendar

adjustments, and raising additional livestock.

In keeping with previous studies (e.g. Gudina and Alemu, 2024), the farmers’ climate change
actions were not mutually exclusive; they generally adopted multiple actions, providing evidence
of complementarity among practices (Figure 12). The farmers’ choices of climate change actions
are consistent with those identified under Climate-Smart Agriculture (CSA)—an overarching
approach to marrying adaptation and mitigation strategies with food production (FAO 2017).
According to Rodriguez-Barillas et al. (2024), CSA practices, including agroforestry, new
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varieties and agrochemicals, are integrated within an agricultural system across multiple scales.
The climate change actions identified by the farmers in this study addressed at least two pillars of
CSA, i.e., adaptation and increasing productivity. For example, adopting improved crop cultivars
is associated with drought resistance, improved yields, and pest and disease resistance
(Cishahayo et al. 2023). Senyolo et al. (2018) also found that while adopting improved crop
cultivars is not expected to have a direct mitigating effect, their adoption allows for harvesting
even in adverse conditions and supports farmers in dealing with dry spells and adapting to rain

shortfall.

The farmers’ choices of climate change actions consistent with those identified under CSA can
produce complementary outcomes by carefully integrating multiple practices that reinforce one
another (Barrett et al. 2020). The qualitative data analysis identified farmers’ reasons for
complementarity in practice adoption. For example, adopting improved crop cultivars was most
often accompanied by the application of agrochemicals and adjusting planting calendars to
optimise the potential benefits of these high-yield varieties. It was also often accompanied by
raising more livestock to diversify agricultural and livelihood practices to manage risks and
promote diversified and sustainable farming systems. The farmers reported that adopting
improved cultivars means precision with their farming techniques. This precision is important
because improved cultivars generally require specific management practices, such as targeted
agrochemical applications, to maximise yield potentials and protect against pests and diseases.
They also adjusted their planting calendar to align planting times with expected weather patterns,
mitigating risks from unpredictable climate variations to enhance growth conditions and
productivity (Asante et al. 2024). Additionally, these farmers often raised more livestock to
diversify their agricultural practices, which helped them manage risks and enhance soil fertility
through natural manures, thereby supporting their crop cultivation (Geda et al. 2024). With
insights into the adaptation practices of smallholder farmers, understanding local adaptation
contexts can ultimately inform farmer-led adaptation policies to empower smallholder farmers to
adapt more effectively through the promotion of ‘packages’ of complementary technologies

(Alvarez Carrillo et al. 2022, p. 378).

Importantly, these decisions to adopt multiple and varied adaptation options reflect not only

technical responses to climate risks but also the active exercise of the smallholder farmers’
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agency. Here, agency is the capacity of individuals or groups to exercise control and take actions
that influence their lives and circumstances (Sen, 1985; 2000; Quarshie et al., 2023) and provide
meaningful input into governance processes (Clapp et al., 2022). Lindegaard & Sen (2022, p. 1)
call for the need to recognise local actors’ agency in “adaptation-related policy, practice, and
decision-making, underlining the importance of attention to participation, representation, and
influence”. The importance of local actors’ agency in shaping agricultural and food production
systems is emphasised by experts in development and food systems sustainability (Toledo-
Hernandez et al., 2021). Rather than following a rigid or externally imposed set of instructions,
farmers demonstrated the capacity to assess their changing conditions, weigh their options, and
strategically select, combine, and adjust practices to suit their unique realities. Their decisions
were not arbitrary; they were grounded in lived experience, observations of local climate patterns,
and an evolving understanding of what works in their specific agro-ecological and socio-

economic context.

The choice of diverse and complementary adaptation strategies among smallholder farmers
reflects their everyday adaptation practices, which is a function of their agency and
intentionality—both of which are considered central to promoting sustainable climate change
adaptation (Lindegaard & Sen, 2022). Moreover, the use of multiple and varied adaptation
options underscores that these farmers possess the agency to make informed choices and
implement context-specific strategies over time (Quarshie et al., 2023). For instance, the decision
to combine improved crop cultivars with precise agrochemical application and adjusted planting
calendars illustrates a level of intentionality and experimentation that goes beyond simple
compliance with recommended practices. These are adaptive strategies shaped by farmers’
priorities—whether ensuring food security, managing risk, or sustaining soil health. In many
cases, this process also involved informal learning through trial and error, knowledge-sharing
within community networks, and reflections on past outcomes. Such forms of local knowledge
and innovation are rarely captured in formal adaptation frameworks, yet they are central to how

farmers assert control over their farming systems.

By choosing and customising climate actions, smallholder farmers asserted agency over how
they respond to climate pressures. Even under constraints like limited resources, unpredictable

weather, or fragmented institutional support, farmers found room to manoeuvre—to reallocate
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labour, experiment with new crops, shift the timing of their activities, or diversify into livestock.
These are expressions of agency that reveal farmers as active decision-makers rather than passive
victims of climate change. Recognising and supporting this agency is essential. When adaptation
strategies build on farmers’ logic, experience, and aspirations, they are more likely to be adopted,
sustained, and refined over time. This also suggests that policy and programmatic interventions
should not merely deliver solutions but rather create space for farmers to shape and negotiate
those solutions on their terms. In this way, climate adaptation becomes not just a response to risk
but a process through which farmers assert their right to define what adaptation looks like in their
own lives. Recognising the agency of local actors in climate adaptation practices helps prevent
maladaptation and enables them to express their intentionality, self-determination and political
will in shaping their everyday adaptation choices (Rahman & Hickey, 2019; Lindegaard & Sen,
2022).

Informed by the ‘real-world” mobilisation of adaptive capacity through the application of a
stepwise regression model, the study found that some climate change actions were influenced by
a large number of complex interacting variables (e.g., planting improved crop cultivars), and
others were less so (e.g., raising additional livestock). A few variables were relatively more
influential on the model based on the value of the model coefficients. These variables were
informed by the smallholder farmers’ climate perception (Grothmann and Patt, 2005), livelihood
capitals (Ellis 2000), and institutional interventions (Agrawal 2010) that significantly influence
farmers’ adoption of climate change actions. Farmers perceive and evaluate particular risks or
opportunities (climate change appraisal/adaptation intention) and then evaluate their capability to
deal with them (adaptation appraisal) (Grothmann and Patt 2005). While these processes are
important steps in adaptation, farmers frequently fail to implement their intentions as changes in
behaviour. Access to institutional support may be an important factor contributing to the
realisation of their intentions because farmers’ assessments of their adaptive capacities are
normally partly realistic; institutional support can directly determine their adaptation (Grothmann

and Patt 2005; Puig et al. 2025).

Relative to farmers’ perceptual and socio-cognitive processes, adapting to climate change
encompasses their decision-making behaviours, and their perception is important in influencing

their adaptation strategies (Grothmann and Patt, 2005). In this study, the smallholder farmers’
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adoption of adjustments to the planting calendar and raising additional livestock were most
strongly associated with their climate perceptions of meteorological parameters, including
temperatures, extreme climate events and particularly precipitation. The integrated crop-
livestock farming systems in the Talensi district are highly climate-dependent and mainly rainfed.
Any changes in rainfall patterns, amounts and timing significantly impacted their agricultural
activities. Therefore, it was evident that any perceived changes in these meteorological variables
drove their adaptation intentions and behaviours. Other studies have emphasised how farmers’
perception of increasing temperatures and extreme climate events threaten their farming systems
and livelihoods and shape their choice of and willingness to implement climate change actions,
such as raising more livestock (He et al. 2022). Understanding the climate perceptions of farmers,
especially those particularly vulnerable to climate change, and how these perceptions relate to
their adaptation intentions and behaviours is crucial in having a deeper consideration of the
emotional and cognitive factors that may shape farmers’ decision-making processes when
developing policies and strategies to obviate climate impacts on agricultural production and

productivity.

Adaptation can vary significantly from farmer to farmer, depending on their capabilities and
needs (Cishahayo et al. 2023). When farmers are exposed to various weather and climatic
stressors, their vulnerability depends on their capacity to adapt to them (Tong et al. 2024).
Therefore, livelihood capitals are important factors that shape farmers’ adaptation decisions, and
the findings of this study align with those observations. Specifically, the study found that climate
variability (natural capital) was significantly associated with the adoption of all actions except
raising additional livestock. Its prominence indicates that climate change, by altering weather
patterns, directly encourages farmers to diversify their production systems by adopting practices
more suited to the variability in precipitation and temperature stresses (Gudina and Alemu 2024).
Other factors that influenced the adoption were access to information, the value of livestock, and
secondary occupation. The farmers reported that despite the promise of improved crop cultivars,
accessing reliable information on utilising them in their local farming systems was often missing,
too generic, challenging or conflicting, which they described as a missed opportunity to enhance
their productivity. Adeagbo et al. (2023) confirmed that access to timely, accessible and
comprehensible climate-related information makes smallholder farmers responsible and

proactive in farm-level investment decision-making.
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The smallholder farmers expressed that having a secondary occupation alongside agriculture was
a testament to the power of livelihood diversification. They revealed that having multiple sources
of income provided them with greater access to personal wealth, which they utilised to enhance
their farming operations and adopt climate change actions (Nyantakyi-Frimpong 2017; Ndiwa et
al. 2024), such as purchasing agrochemicals. Such farmers have autonomy in decision-making
and show substantially greater persistence in adaptation (Corral et al. 2020). This study, in
contrast to Mulwa et al. (2017), found that the value of livestock influenced farmers’ decision to
adopt climate change actions such as plant improved crop cultivars, diversify livelihoods, and
raise more livestock. The farmers suggested livestock holding has a critical role as a stepping
stone towards a diversified and sustainable agricultural livelihood that enabled them to navigate

the challenges of modern farming with greater confidence.

Other variables that influenced adoption but whose model coefficient values were relatively
small for all climate change actions included educational status, farming experience, social
networks, land tenure, infrastructure and remittances (see Table 5). For example, the study
observed that farmers’ experience supported their accumulation of knowledge regarding local
weather patterns, soil conditions, and crop behaviour, which enabled them to make informed
adaptation decisions. Such farmers were adept at recognising subtle signs of changing climate
conditions, necessitating adaptation intentions and behaviours. Geda et al. (2024) emphasised the
importance of farmers’ experience in their climate change actions. Recent research has
demonstrated the importance of infrastructure, such as irrigation systems, storage facilities and
access roads, in supporting smallholder farmers in adopting adaptation actions (Rathnayaka et al.

2023).

However, the farmers in this study expressed concern that their communities lacked the
infrastructure, specifically for irrigation, to take full advantage of improved crop cultivars and
questioned their communities’ capacity to support sustainable agricultural advancements under
current infrastructure constraints. Land tenure security has been linked to smallholder farmers’
adoption of improved practices (Asante et al. 2024). However, the uncertainty surrounding land
tenure and fear of losing land through unexpected claims or disputes, as this study found, made
farmers’ investment in improved crop cultivars too risky for many of them. The findings of this

study suggest the need to implement context-specific and targeted interventions that address the
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environmental impacts of climate change and variability and consider the indicators of the

livelihood capitals which influence the adaptive intentions and behaviours of farmers.

Adaptation strategies are embedded in heterogeneous social and institutional conditions that have
ramifications for their use (Agrawal 2010). In this study, specific institutional interventions that
the smallholder farmers received impacted their choice and use of climate change actions. These
findings confirm the central role of institutions in undertaking purposeful actions to address the
actual or potential climate impacts, mitigate risks and promote climate adaptation strategies
(Agrawal 2010). For example, similar to recent studies (e.g. Gudina and Alemu 2024), the
analysis showed that training and capacity building by institutions provided Talensi district’s
farmers with essential knowledge and skills to utilise climate-smart technologies such as FMNR
(Opoku Mensah et al. 2024). Development agencies in Africa have extensively promoted FMNR
to improve agro-ecological sustainability and diversify farm livelihoods through the natural

regeneration and integration of trees with crops and livestock (Francis et al. 2015).

Similarly, institutions promoting technology transfer played a pivotal role in climate change
actions in the Talensi district by facilitating access to advanced agricultural technologies and
practices (Tangonyire and Akuriba 2021). They transferred new technologies, such as improved
crop cultivars and other small-scale farming machinery and their spare parts. The transfer of such
technologies enables farmers to adapt to climate impacts and increase productivity sustainably
(Tong et al. 2024). In congruence with Darge et al. (2023), the analysis revealed that when
institutions promoted marketing and value chain integration, it enhanced farmers’ understanding
of market dynamics and integration into agricultural value chains and gave them the confidence

to innovate and expand into new areas such as agro-processing.

These findings align with He et al. (2022), who reported the direct effect of institutional
interventions in supporting farmers’ adaptation intentions and behaviour. Many adaptation
strategies are typically complex, costly, and unaffordable for smallholder farmers without strong
institutional support. Therefore, institutions must provide the necessary infrastructure, policies,
and regulations to support sustainable climate change actions. Moreover, these interventions
must ensure that climate concerns are integrated into decision-making processes, highlighting the

shared responsibility for sustainable agricultural development (Aqib et al. 2024).
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In addition to how, in practice, the adoption of climate change actions was influenced variously
by perception, livelihood capitals and institutional interventions, several distinctive
characteristics of smallholder agriculture affect agricultural adoption in developing countries and
have relevance for climate change adaptation actions (Llewellyn and Brown 2020; Matos 2025).
For example, the attributes of practices—relative advantage, complexity, compatibility,
trialability and observability—can influence the extent of adoption (Rogers 2003). In this study,
the compatibility of climate change actions with existing farming practices played a crucial role
in their adoption. Actions that seamlessly integrated into farmers’ daily lives and routines
without demanding significant changes to traditional methods (e.g., FMNR as part of adopting
agroforestry) were accepted and sustained FMNR (Opoku Mensah et al. 2024; Yiridomoh et al.
2025). Typically, farmers promote FMNR through pruning, mulching and protection. Since
planting trees is not required, FMNR is comparatively cheap and accessible, with a higher tree
survival rate because species regenerate naturally and are locally adapted (Rinaudo et al. 2021).
Such alignment with local norms and practices reduces resistance, as farmers are more
comfortable with and confident in actions that reflect their established ways of farming and

living (Fu and Huang 2024; Suuk et al. 2025).
4.7 Conclusion, policy and practical implications

This study utilised primary data from 130 smallholder farmers and six focus groups in one of
Ghana’s climate change hotspots—the Talensi district, to analyse the factors influencing their
adoption of climate change actions to obviate the impacts of climate change and variability on
their agricultural production and productivity. The study adopted a combination of quantitative
stepwise regression modelling and qualitative thematic and narrative analysis of discussions with
farmers to identify the statistical associations between model variables and the adoption of
climate change actions and explain the smallholder farmers’ behaviours. The study found that the
smallholder farmers in the Talensi district were highly vulnerable to environmental threats and
uncertainties, including drought, storms, heat waves, and flooding. Accordingly, all farmers
adopted one or more climate change actions in response to seasonal and climatic variations. The
farmers’ choices of climate change actions were not mutually exclusive, but they generally
adopted multiple actions. The results of the multivariate probit model showed that 12 of the 15

pairwise correlation coefficients were positive and significant at P=0.01, indicating
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complementarity of adoption. These cross-correlations among climate change actions have
significant policy implications. Specifically, a policy change affecting one action might have
spillover effects on the adoption of other actions (Gudina and Alemu 2024). Understanding these
interactions is key to developing appropriate packages of climate change actions tailored to

specific areas to intensify adoption and minimise climate risks to agricultural productivity.

The use of the stepwise regression model reflected, albeit in a simplified form, the ‘real-world’
mobilisation of adaptive capacity. It revealed that smallholder farmers’ climate perception,
livelihood capitals, and institutional interventions significantly influenced their adoption of
climate change actions. Importantly, the analysis also highlighted how farmers combine multiple
practices in complementary ways to manage risk and enhance productivity. While the study did
not analyse the technical attributes of each action in depth, in keeping with the contemporary
understanding of farmers’ adoption of agricultural innovations (Llewelyn and Brown 2020;
Matos 2025), it acknowledged that such attributes of the climate change actions remain
influential in shaping adoption decisions. These findings are relevant for informing policies that
support the integration of complementary adaptation strategies while addressing the cognitive,
emotional, livelihood, institutional, and practical factors that influence the adoption of climate

change actions in the Talensi district.

Agricultural policymakers, development practitioners, and decision-makers at different
institutional levels must intensify their efforts to promote context-specific and targeted climate
change actions through policy interventions that effectively transform agricultural systems to
enhance sustainable agricultural productivity. It is critical to ensure that efforts to promote the
adoption of climate change actions enhance farmers’ awareness and understanding of climate
risks and opportunities. These efforts should include providing smallholder farmers with timely,
accessible and comprehensible climate-related information while appreciating their available
livelihood capitals and institutional support—to reduce their vulnerability—as well as the
potential benefits of adopting various climate change actions in a holistic and integrated
approach. The insights in this study provide a starting point and a solid foundation for further
research to inform rural development policies that identify and promote climate change actions

to enhance the sustainability of smallholder farming in semi-arid regions.
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Chapter Five

The role of intersectionality in shaping adaptive capacity of smallholder farmers in the

Talensi district of Ghana

Chapter five is published as an article in Climate and Development. The paper answers research
question 2: What role does intersectionality play in shaping adaptive capacity of smallholder

farmers?, and its sub-research questions:

i. How do indicators of smallholder farmers’ stocks of capital and other socio-demographic
characteristics intersect to either support or constrain their climate adaptation efforts?
i1. What smallholder farmers’ narratives about their lived experience provide insight into

social categories and their intersections?

This chapter examines how these intersecting factors shape farmers’ adaptive capacities,
influencing their ability to respond to climate variability, extreme weather events, and long-term
climatic shifts. Using a mixed-methods approach—including survey data from 130 smallholder
farmers, focus group discussions, and narrative analysis—this study explores how livelihood
capitals either enable or constrain adaptation based on socio-demographic characteristics such as

gender, age, and education.
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ABSTRACT

In the Talensi district of Ghana, smallholder farmers adapt to climate change—Iincluding variability,
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exacerbate existing vulnerabilities.

1. Intreduction

Agricultural systems across the globe are invariably confronted
with climate change impacts (Abdollahzadeh et al., 2023).
Extreme weather affects every aspect of agriculiure and the
local communities dependent on it for their livelihoods {Uni-
ted Mations Framework Convention on Climate Change
[UNFCCC, 2023]). Climate change undermines agriculture
because of its susceptibility to climate-related hazards such
as rainfall variability, seasomal temperature changes, and
extreme events. While climate threats are global, Africa
remains the most affected region (Epule et al., 2023; Intergo-
vernmental Fanel on Climate Change [[PCC], 2022). In par-
ticular, Sub-5aharan African (S54) countries face heightened
vulnerability due to their reliance on rain-fed agriculture sys-
tems, smallholder farmers for local food production and the
slow implementation of adaptation actions (Campbell et al,,
2023). The vulnerability of the agriculture sector in 854 is
severe and will likely increase, given its high exposure and sen-
sitivity and limited adaptive capacity, coupled with persistent
poverty and limited infrastructure development (UNFCCC,
2023). In recent years, 554 has been hit by extreme weather
and climate events, including more unpredictable rainfall pat-
terns, extended dry periods, and shorter crop-growing seasons
(Food and Agriculture Organization [FAQ], 2022).

Scholars emphasise that the negative impacts of climate
change on agricultural production can be mitigated through

appropriate adaptation strategies. While significant research
has been conducted on adaptation pathways in other parts of
the world (eg. Burnham & Ma, 2018; Kim & Shin, 2024),
maost existing research across Africa has primarily overlooked
the pathways to building the adaptive capacity of rural com-
munities (Epule et al., 2023). The success of adaptation options
depends on the capacity to plan, design and implement them.
Therefore, understanding adaptive capacity is critical to effec-
tively respond to climate change (Elrick-Barr et al, 2022).
Given that the practical structures of agricultural production
in rural communities are built upon farming systems, enhan-
cing their adaptive capacity to climate change is crucial in safe-
guarding farm household livelihoods and providing the
necessary information to design effective adaptation interven-
tions and policies (Abdollahzadeh et al. 2023). However,
adaptation actions must be contextually relevant because
capacity may be locally constrained or enabled by various
socio-demographic characteristics and heterogeneous bio-
physical, socio-economic and cultural elements (Smit & Wan-
del, 2006). While examples of wide-scale capacity assessments
abound (Abdollahzadeh et al_, 2023), local scale assessments of
adaptation in agricultural systems are less common but necess-
ary to inform practice-relevant studies ( Abdul-Razak & Kruse,
2017). Consequently, adaptive capacity analysis of agricultural
gystems becomes imperative in initiating effective adaptation
strategies (Abdollahzadeh et al., 2023).
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Adaptive capacity (AC) is the ability of humans, systems,
institutions, and other organisms to adjust to potential
damages, take advantage of opportunities, or respond to con-
sequences (IPCC, 2022). AC is an integral, positive component
of vulnerability (Elrick-Barr et al., 2022). It reduces a system's
vulnerability and draws on the foundational asset base from
which investments and actions in adaptation can emerge
[Adger & Vincent, 2005). High levels of AC are a precondition
that enables successtul adaptation and community resilience to
climate impacts (Smit & Wandel, 2006). For farmers in this
study, AC was defined as the stock of various resources {or
capitals) and the processes that allow those resources to be
deployed in pursuit of adaptation (ie. an enabling environ-
ment) to achieve sustainable rural livelihoods (Smit & Wandel,
2006). If adaptation is indeed local and contextual (Adger
et al., 2004), then a deeper understanding of the interconnec-
tions between socio-cultural categorisations (such as race, class
and gender) applied to actors {such as smallholder farmers)
that create overlapping and interdependent systems of dis-
crimination or disadvantage is an essential aspect of adaptive
capacity assessment (Myantakyi-Frimpong, 2020). Vulner-
ability manifests heterogeneously across regions, communities,
sectors, and gender groups (Thompson-Hall er al, 2016),
thereby suggesting that any intervention that does not consider
such heterogeneity in adapting to climate-induced shocks and
stresses may not fully address the intricate intersectionalities
present within communities (Raza, 2017). Individuals in a
community face varying levels of vulnerability owing to their
distinct positions within socio-economic systems (Raza,
2017). Gender-disaggregated analysis may unveil how liveli-
hood choices by men farmers can alter their vulnerability to
climate change compared to women farmers. Yet, an even
richer perspective of vulnerability can emerge when consider-
ing other identity markers, such as the intersection of gender
and age (Thompson-Hall et al, 2016; Yimam & Holvoet,
2023). Delving deeper through data disaggregation within
groups can facilitate an intersectional approach to climate
change research, preventing overshadowing complex local rea-
lities that could potentially misgnide policy formations { Arora-
Jonsson, 201 1; Yimam & Holvoet, 2023).

In Ghana, most studies of agriculture’s vulnerability to cli-
mate change focus on farm-leve, technical adaptation strat-
egies (eg. Opokn Mensah et al., 2023), with limited research
conducted on the adaptive capacity of smallholder farmers
(e.g. Abdul-Razak & Kruse, 2017). While existing research
has significantly advanced our comprehension of the impacts
of climate change and adaptation, few studies have focused
on specific aspects of adaptation and intersectional analysis
in Ghana. For example, while Lawson et al. (2020) fooused
on understanding intersectional perceptions and adaptation
strategies of women farmers, Alare et al. (2022) examined
how inter-gender dynamics influenced access to social net-
works. Vulnerability analysis based on gender, class, religion,
and other factors is inadequate as it risks homogenising entire
groups, and ensuing interventions may miss the actual needs
of countless individuals (Myantakyi-Frimpong, 2020). Thus,
existing studies in Ghana have largely overlooked intersec-
tional analysis examining the nuanced vulnerabilities to cli-

mate extremes, the varying impacts on diverse yet equally

exposed groups, and how such dynamics shape adaptive
capacities among diverse yet equally exposed groups (Nyanta-
kyi-Frimpong, 2020). Echoing earlier studies in Ghana {eg.
Abdul-Razak & Kruse, 2017), this research operationalised
adaptive capacity based on the five capitals —human, social,
matural, physical and financial— of the Sustainable Livelihood
Framework (SLF). These capitals influence farmers” actions to
mitigate climate change impacts within an existing enabling
environment of policy and institutional frameworks (Scoones,
1998).

The SLF was adopted here to define the components contri-
buting to smallholder farmers’ adaptive capacity. as Ellis
{2000} and Scoones (1998) outlined. The SLF evaluates liveli-
hoods by considering people’s access to various capitals, how
they combine and use them to build capacity and create liveli-
hoods, and how they can expand their capitals by interacting
with other actors and institutions (Scoones, 1998). Such
studies have been termed first-order capacity assessments
(Elrick-Barr et al, 2022). This study seeks to enhance first-
order AC assessment by analysing how indicators of small-
holder farmers’ stocks of capital and other socio-demographic
characteristics in the Talensi district in Ghana's northern
savannah Agro-ecological Fone (AEZ) (a district identified
as highly exposed to climate change, Opokn Mensah et al,
2023) intersect to shape their climate adaptation. Myantakyi-
Frimpong (2020) qualitatively demonstrated how farmers’
social characteristics intersected to deepen their vulnerability
and highlighted the need for more intersectional analysis to
better understand vulnerability to climate extremes in
Ghana. To advance this research, this study adopted a
mixed-method approach to align with the growing calls for
empirically grounded intersectional research to understand
the diversity of actors pursuing adaptation, how intersecting
identities shape their adaptation in a highly diverse context,
what policies could promote more equitable adaptation within
and across heterogeneous communities (Agrawal & Gibson,
1995 Erwin et al., 2021). Such intersectional research fosters
2 more nuanced and critical analysis of climate change and
inequality dynamics (Arora-Jonsson, 201 1; Hopkins, 2018).

2. Intersectionality and vulnerability

The term intersectionality first emerged from Black feminist
activism in the USA during the 1970s and 1980s (Singleton
et al, 2021). Intersectionality was introduced as an analytical
concept by Crenshaw (198%; 1991) to address the complex
latent power dynamics that shape the lives of women of colour,
particularly Black women (Haynes et al., 2020). Black femin-
ism, which contends that Black women's and girls’ experiences
shed light on a particular understanding of their position in
connection to racism, sexism, class oppression, and other sys-
tems of domination, is the foundation of intersectionality
(Haynes et al.. 2020). Black women were excluded and misre-
presented by both white feminist middle-class movements and
black emancipatory movements, which claimed to speak for all
women, regardless of race or class (Castin Broto & Meves
Alves, 2018). Within academia, scholars such as Crenshaw
(1991) have argued that neither feminist nor antiracism dis-
courses  adequately addressed experiences shaped by
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overlapping patterns of sexism and racism. Collins {2004,
p- 18] further developed the idea. referring to it as “a matrix
of domination’, which describes how intersecting identities
interact to create differential access to experiences and
resources. Intersectionality has been and is being developed
to expand the analysis of gender power relations (Davis,
2014) to address the experiences of those subjected to various
forms of subordination and indicate the interaction of multiple
identities and experiences of exclusion and subordination
(MoCall, 2005).

In this study, intersectionality refers to how social identities,
including race, class, gender, ability, geography. and age, inter-
act to create complex experiences and unique meanings within
and between social groups (Hankivsky & Cormier, 2011). This
interaction shapes adaptation processes and outcomes,
enabling a more accurate assessment that addresses inequal-
ities and promotes equitable policies and programmes to
address such inequalities (Erwin et al., 2021). According to
Ahlborg and Mightingale (2018), intersectionality clarifies
how social, economic, and political factors limit certain posi-
thonalities” access to adaptation resources and participation
in institutions, making them multiplicatively vulnerable to
social-ecological change. Ravera et al. (2016) called for the
need to integrate an intersectional lens in research to docu-
ment and analyse how various agricultural actors perceive,
experience, and adapt to social-ecological changes, given the
growing concerns about how such changes, incduding climate
change, affect agricultural productivity and production, par-
ticularly in the Global South. This integration is necessary
because social justice research concerns differences within
and between groups. Understanding such differences is perti-
nent to discussions about climate change’s causes, impacts and
politics (Singleton et al, 2021) and sheds light on the numer-
ous challenges individuals, households, and groups must over-
come within different adaptation contexts (Erwin et al, 2021).

Intersectionality influences individvals’ experiences with
climate change wvulnerability (Yimam & Holveet, 2013).
According to Thompson-Hall et al. (2016), intersectionality
delves deeply into the multi-faceted identities of farmers, illu-
minating how these attributes coalesce to influence the vulner-
ability of diverse individuals. Exploration of intersectionality
can facilitate the development of more nuanced wnderstand-
ings of the dynamic interplay between power structures and
institutions and how they shape adaptive capacity. Feminist
geographers and scholars have emphasised a critical gendered
perspective to discern how gender shapes diverse groups’ vul-
nerabilities and adaptive capacities globally {Arora-Jonsson,
2011; Carr & Thompson, 2014). Other authors argue that
the complexity of gender, often treated as a dichotomous cat-
egory upon which vulnerability can be neatly mapped, has
been somewhat oversimplified in climate change studies,
thereby neglecting other complex social characteristics (Cha-
plin et al., 201%; Thompson-Hall et al, 2016). While vulner-
ability analysis possesses notable strengths, it does not
directly address the risks associated with intersecting social
identities. Employing intersectionality az an analytical lens
can mitigate this limitation {Myantakyi-Frimpong, 2020). For
instance, Thompson-Hall et al. (2016) demonstrated how
intersectionality can enhance understanding of environmental
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change by highlighting the combined influence of different
social characteristics that are otherwise treated as concrete.
For example, Deressa et al. (2008) highlighted the importance
of household heads" age and gender in shaping their adaptive
capacities and, subsequently, their level of vulnerability. Adap-
tive capacity was significantly influenced by marital status,
with women's marital status, in contrast to that of men, playing
a crucial role in defining their access to adaptive strategies
(Yimam & Holvoet, 2023). Also, Lawson et al. (2020) found
that migrant women farmers had less land access than indi-
genes. Older farmers had greater access to land and were
more likely to have tenure security than younger farmers.
While married women with sons had better land access,
young, single women were more likely to migrate and less
likely to implement innovative adaptation strategies. Further-
more, higher levels of education have been linked to lower
levels of vulnerability (e.g. Muttarak & Lutz, 2014) and inter-
secting vulnerabilities associated with being a woman and
unskilled limit access to income diversification opportunities,
limiting their capacity to adapt to social-ecological change
{Erwin et al, 2021). Therefore, to attain a more nuanced
understanding of vulnerability to climate extremes and vulner-
able groups, it is vital to consider how multiple social charac-
teristics such as gender, age, disability, religion, and class in
combination instead of in isolation (Thompson-Hall et al,
2016) shape adaptive capacities and, subsequently, farmers’
level of vulnerability (Ravera et al., 2016).

3. Material and methods
3.1. Survey design and data collection

This study adopted a pragmatic, mixed-method approach (ie.
combined qualitative and quantitative data collection) to the
research to unravel the complex contexts and realities that
characterise the lives of rural people (Morgan, 2014; Strijker
et al., 2020). According to Strijker et al. (2020}, the mixed-
method approach has gained importance in many fields—
including agricultural studies, rural development, and poverty
studies—for analysing social phenomena from diverse per-
spectives. This study seeks to analyse how indicators of the
livelihood capitals intersect with the spcio-demographics of
smallholder farmers to shape their adaptive capacity through
interconnections among social dimensions such as gender,
identity, power, governance, and institutions in various eco-
logical, economic, and climate contexts, culminating in webs
of distinct volnerabilities (Hopkins, 2018). Qualitative infor-
mation was obtained through Key Informant Interviews
(KIlIs) and Focus Group Discussions (FGDs), while househaold
surveys were used to access quantitative data.

To ensure a shared understanding of key concepts, the
researchers fostered an open and participatory environment
by ensuring that diverse views were acknowledged and syn-
thesized, ultimately aligning key concepts within the context
of the study (e.g Brown et al., 20010). For example, the research-
ers began by explaining adaptive capacity in simple, relatable
terms, emphasizing its role in shaping smallholder farmers’
capacity for climate adaptation. The terms constraining and
supporting were central to these discussions, and while there
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was some initial variation in how participants interpreted
them, a shared understanding was gradually established.
Through interactive dialogue, participants were encouraged
to share their perspectives on what factors enable or hinder
their ability to adapt.

3.1.1. Study area description

Fieldwork was conducted in the Talensi district in Ghana's
northern savannah AEZ (see Figure 1). This district was
selected due to itz unique local socio-economic and climatic
characteristics, such as climate-induced exposures, ecological
sensitivity, historical lack of development, presence of insti-
tutions championing adaptation interventions and improved
agricultural practices, and its agro-pastoral based livelihoods
(Opoku Mensah et al., 2023). The district has a tropical climate
with two distinct seasons: an erratic rainy season that starts in
May and ends in October and a dry season between November
and April. The Talensi district has a mean annual rainfall of
950 mm. It has a maximum temperature of 45°C in March
and April and a minimum of 12°C in December (Ghana Stat-
istical Service [GSS, 2014]). The district has an environmen-
tally fragile dryland (non-irrigated) agricultural production
system (Opoku Mensah et al, 2023).

Talensi district has experienced major impacts of climate
change, including drought, famine, crop loss, floods, wildfires,
and pest infestations (Talensi District Assembly [TDA, 2022]).
Agriculture plays a significant role in the district, with 1% of
households engaged (G55, 2014). These households are pri-
marily smallholders dependent on a favourable climate for
their agricultural production. Agro-pastoralism (crop farming
and livestock production) is the main agricultural activity, with
some silviculture and aquaculture also practised (G55, 2014
TDA, 2022). District farming systems comprised integrated
combinations of crops, livestock, trees and fishery (FAOQ,
2013). The district’s smallholder agro-pastoral farmers have
witnessed annual rainfall variability, loss of forest cover, biodi-
versity disappearance, and loss of productivity from declining
soil fertility { TDVA, 2022). The agro-pastoral production system
in the Talensi district represents one of Ghana's most vulner-
able production systems (GES, 2014; TDA, 2022). Smallholder
farmers in the Talensi district are subject to institutional inter-
ventions such as capacity building and ecological restoration to
promote adaptation and maintain sustainable livelihoods
(Opoku Mensah et al., 2024). The biophysical environment
and strong institutional presence in the Talensi district made
it a good selection for the case study.

1.1.2. Data collection

The study applied intersectionality as an approach to offer a
more thorough explanation for the convergence of dominating
forces to illuminate specific details often overlooked in typical
analyses (Haynes et al., 2020). Adopting intersectionality as an
approach reveals a more complex analysis highlighting the
‘social hierarchy [that] creates the experiences that produce
the categories that intersect’ (MacKinnon, 2013, p. 1024).
The study adopted an intercategorical approach (also called
the categorical approach) to research design (McCall, 2005).
This approach requires that existing analytical categories are
provisionally adopted and strategically used to document

relationships of inequality among social groups and changing
configurations of inequality along multiple and conflicting
dimensions (MoCall, 2005). According to Agrawal and Gibson
(1999}, the use of categories to discuss how social groups lack
access to these resources and institutions is critical to identify-
ing how inequalities within heterogeneous communities lead
to unequal access to resources and institutions and, conse-
quently, unequal adaptation outcomes. The categorical
approach was chosen because of the observed relationships
of inequality among already-constituted social groups in the
Talensi district (Opoku Mensah et al, 2024), imperfect and
dynamic as they are, and took these relationships as the centre
of analysis (MoCall, 2005). For example, the patriarchal nature
of the Talensi district has resulted in power ics between
women, vouth, and men {Opoku Mensah et al., 2024). Explain-
ing those relationships is the primary goal of the categorical
approach, necessitating the provisional use of categories
(MoCall, 2005).

The provisional use of categories is based on the pragmatic
approach that intersectional complexities between inequalities
do not require new intervention instruments and, thus, makes
it possible to use and extend existing resources to deal with
intersectional problems (Jiménez Rodrigo, 2022; Verloo,
2006). Pragmatism is always contextual and helps understand
things in relational terms and not in isolation. Pragmatism
treats the social world as a series of contexts that shape the
value and meaning of people, words, institutions and ideas
engaged in complex relationships (Dickstein, 1998). In the
context of this study, intersectionality and pragmatism exhibit
similarities and deepen our understanding of how already-
constituted social groups shape adaptive capacities through
their experiences (Collins, 2011). According to Collins
(2011}, combining intersectionality and a pragmatic approach
to experience realigns contemporary intersectional configur-
ations with a social movement approach to gender, sexuality,
race, and class that promotes more robust analyses of inequal-
ity, experience, individuality and community. Experiences,
both personal and collective, become the subject of trans-
actions rather than being ignored. The categorical approach
was applied throughout the development of data collection
instruments to elicit intersectional responses and data collec-
tion and analysis processes. The data collection instruments
were developed by considering provisional categories such as
gender, age, educational background, marital status, religion,
farmland area, residential status, and economic status
informed by the literature on adaptation and intersectional
studies in Ghana (e.g Alare et al, 2022; Lawson et al., 2020;
Nyantakyi-Frimpong, 2020).

Data collection was conducted between September 2022
and March 2023. To capture the diversity of agricultural actors
at each study site, the data collection consisted of semi-struc-
tured interviews with key informants from local institutions
involved in climate change and agricultural production, fol-
lowed by community-based focus group discussions and
household surveys. Specifically, the initial data collection
phase commenced with key informant interviews with key
actors in agricultural production and climate change in the
Talensi district. These interviews focused on the nuances of
the district's agricultural practices, livelihood portfolios, and
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Figure 1. Map of the Talensi district, showing the locations of Awaredone and Yameriga. Sowce: Adspted from Opoku Mensah et al,, 2023; Abunyewah et al, 2004

prevailing climate issues. Following a pragmatic methodology,
the district’s Department of Agriculture {DoA) and the T
were chosen as primary sources of information due to their
extensive experience, knowledge, and recognised involvement
in dimate change initiatives, agricultural production and rural
development in the district.

The knowledge gathered from key informant interviews
also provided the basis for selecting the study communities.
For example, with the involvement of the DoA and using stra-
tified sampling, two agro-pastoral communities, Awaredone
and Yameriga (cf. Figure 1), were sampled from the district's
three area councils informed by the local socio-economic
and climatic characteristics, natural environment, agro-pas-
toral production systems, and institutional presence. These
communities were at discrete lacations in the district and
had similar sizes and populations, with several institutions
operating in them (Abunyewah et al, 2024). Four research
assistants, native to the study communities and fluent in
both English and the local Talen and Guoruni languages of
the Talensi district, were recruited and trained to support
the principal researcher during data collection. Given the dis-
trict’s patriarchal nature, two men and two women research
assistants were recruited. This arrangement ensured thar
women asgistants interacted with women smallholder farmers
while men assistants connected with their men counterparts to
moderate cross-gender and cross-cultural sensitivities (Nyan-
takyi-Frimpong, 2020) and foster trust and participation.

Six FGD's were conducted, with three in each community.
Each group had 5-10 participants, including community
opinion leaders like chiefs or their representatives, assembly
members, local group leaders, and heads of farmer households.
[rue to the district's patriarchal nature, which often discourages
women and youth from speaking freely in mixed groups, par-
ticipants were grouped by gender and age: men-only, women-
only, and youth-only. This approach created a comfortable

environment, allowing everyone to express their views and
potentially highlighting any social differences in perspectives.
The principal researcher co-moderated the FGDs, which ook
place sequentially. Two research assistants assisted in each com-
munity, serving as co-moderators, note-takers and interpreters.
Diiscussions were held in the local Talen and Guruni dialects,
each lasting approximately three hours. The discussions were
andio-taped with the consent of the discussants. FGDs were
scheduled for late afternoons after farmers had completed
their daily activities to ensure maximum participation. These
focus groups also discussed climate change impacts, extreme
weather events, community adaptive capacities and insti-
tutional support. The FGDs offered valuable insights from the
discussants’ lived experiences regarding the investigated topics
(Abdul-Razak & Kruse, 2017). For example, given that adaptive
capacity is contingent upon specific local conditions or contexts
(Adger et al., 2004), 24 locally relevamt indicataors for each of the
five capitals were identified during the discussions based on
their current capacity to support or constrain climate adap-
tation. The description and relevance of the different forms of
capitals to assessing adaptive capacity are conceptualised in
supplementary material 1.

In the househodd surveys, smallholder farmers utilised a
Likert scale of 0-5 to evaluate the 24 locally relevant indicators
of the five capitals identified during the focus groups based on
their current capacity to support or constrain climate adap-
tation. A preliminary questionnaire was pretested on 20 house-
holds in September 2022 Based on feedback from respondents,
the questionnaire was finalised and consisted of a set of open-
and closed-ended questions. The smallholder farmers
explained why each indicator rating was high or low and ident-
ified priorities to enhance these ratings. A score of 5 suggested
that the indicator effectively supported the smallholders in their
climate adaptation. A score of 0 indicated that the indicator
effectively constrained the smallholders in their climate
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adaptation (based on Jacobs etal., 2001). The survey instrument
was digitised wsing the Open Data Kit (ODE) mobile app to
enhance the guality and efficiency of data collection. ODE
allowed all collected data to be wverified by the principal
researcher and uploaded to a secure server daily {Abunyewah
et al,, 2024). The finalised questionnaire was administered to
agro-pastoral households, defined as those who considered
crop farming as their primary source of income and owned at
least five heads of cattle and a herd of sheep or goats (Zampali-
gré et al., 2014). In addition to being engaged in agro-pastoral
activities, selected households must also have received insti-
tutional support. A systematic sampling method was employed
to select participating households (Mostafa & Ahmad, 2018).
According to the specifications of the sample frame and
inclusion criteria, 65 agro-pastoral households were selected
and interviewed in each of the two communities.

Cochran's formula (Cochran, 1997) was used to determine the
sample size needed to satisfy a 95% confidence level (z= 1.96),
1% agricultural households and a 5% level of precision (a)
from 14,291 total households as follows:

_Zxpell-p)

1967 = 0.907 = ((LO93)
o) B

. 130
{0.05)

L

n = sample size, 2 = critical value of desired confidence level, p=
degree of variability in the population and a = desired level of
precision.

In total, 130 valid questionnaires were returned for the two
communities. In each household, only household heads or agri-
cultural decision-makers who make final agricubural decisions
(Kuang et al., 2022) participated in the survey. The interviews
were conducted in the local dialects of Talen and Guruni and
were 45-60 min long. The decision to focus on household heads
or agricultural decision-makers was guided by the specific objec-
tive of understanding how adaptive capacity is shaped by those
who directly influence agricultural decisions. In the context of
the Talensi district, where agriculiure is largely a household-
level endeavour (G585, 2014; TDA, 2022), household heads or pri-
mary decision-makers play a critical role in resource allocation
and responses to climate risks (see Abunyewah et al. 2024
Opoku Mensah et al., 2023). Therefore, focusing on this group
allowed us to capture insights into decision-making dynamics
central to adaptation. Additionally, the inclusion criterion related
to livestock ownership was intended to ensure the inclusion of
smallholder farmers actively engaged in agro-pastoral production
systems. Livestock ownership is a common indicator of socio-
economic status and resource endowment in the Talensi district
(Abunyewah et al, 2024; TDA, 2023), and it plays a crucial role
in shaping adaptive capacity and managing climate risks (Geda
et al., 2024). Since agricultural activities and adaptive capacities
within the communities are not limited to only these respondents,
the descriptive power of the results may not be able to extend to
the communities as a whole. An intersectional analysis of a
broader set of household members/community members mighe
reveal additional layers of inequalities in decision-making power
that would significantly impact the adaptive capacities of the
groups and community-level resilience to climate change.

3.2. Data analysis

The household data was exported from the ODE server,
deaned and imported into Statistical Package for Social
Science (SPSS) Statistics 28 and Microsoft Excel 2019 for
analysis. Descriptive statistics (frequency, maximum, mini-
mum, mean, percentages) and inferential statistics (Chi-square
tests) {Above et al, 2023) were used to summarise the data,
analyse the adaptive capacity of the smallholder farmers, and
how the livelihood capital indicators and ather socio-demo-
graphic characteristics of smallholder farmers intersect to
shape their climate adaptation. A Chi-square test of indepen-
dence was used to determine the significance of associations
between the ratings of selected livelihood indicators and the
socio-demographic characteristics of the respondents (Onch-
iri, 2013). Qualitative data from the six FGDs were analysed
using narrative analysis (Bryman, 2013). Audio recordings
were transcribed verbatim into text, wanslated into English
and read several times to thoroughly understand the raw
data {Maller et al., 2018). The texts from the FGDs were
coded with NVivo 14 and compared against the recorded
audio files to understand the text’s varying opinions and
ensure the data’s acouracy (Boafo & Lyons, 2023). In emphasis-
ing stories articulated by discussants, narrative analysis used
quotations to substantiate claims (Bryman, 2012). To ensure
rigour and trustworthiness, participants’ own words were
maintained with low use of inference descriptors (Baxter &
Eyles, 1997). According to Christensen and Jensen (2012),
people’s narratives about their live stories can provide the
maost insight into social categories and their intersections. Fur-
thermore, in-depth narrative analysis is particularly effective
for achieving “the depth and richness required for a sophisti-
cated intersectional analysis’ (Hopkins, 2018, p. 587). Because
the study adopted the categorical approach, data were system-
atically compared within multigroups to focus on the com-
plexity of relationships among multiple social groups within
and across analytical categories (MoCall, 2005).
Methodolegically, implementing  intersectional analysis
remains a great challenge (Myantakyi-Frimpong, 2020). The
comparative and multigroup characteristics of the categorical
approach create a form of complexity by adding any analytical
category to the analysis because it requires an investigation of
the multiple groups that constitute the category (MoCall, 2005;
Verloo, 2006). In this respect, it faces rade-offs between scale
and coherence or difference and sameness in determining the
appropriate level of detail (McCall, 2005). Using an approach
described by McCall (2005), the stedy managed this complexity
by what at first appears to be a reductionist process—
reducing the analysis to at most five between-group relationships
ata time—but what, in the end, was a synthetic and holistic pro-
cess that brought the various pieces of the analysis together.

3.3. Ethics approval

The research received approval from the Human Research Ethics Com-
mittee {HREEC) at the University of Technology Sydney (UTS), under
approval number UTS HREC ETH22-7303. Before administering ques-
Honnaires, interviews and FGIDs, all participants provided informed con-
sent for their invalvement.
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Table 1. Socio-demographic characteristics of respondents.
Frequency  Percentage

Sotio-demographics Categories [n= 130 )
Gender ‘Wamen 23 52
Men [ =]
hge =15 years o 0
15-135 years 37 H
36-59 years &5 53
=60 years ] 18
[Educational Mo Farmal Edwcation 55 &5
background Primary 15 19
Junicr High School [IHS) Fi 18
Senior High School 12 ]
[SHE)

Tertiary 1] ]
Marital status Married B2 1]
‘Widowed 7 -]
Sangle 10 -]
Divanced i 1
Religion ChaisBanity 1] a7
Traditional 54 41
kslam 1 n
Mo religion 14 1
Residential stabus Indigenes 17 1]
Migrants 13 L]
Farmlared 2rea < 3 hectares 85 &5
= I hectares 45 £
Ecomamac stabus Low ecanomic status o L]
High eccnomic status k] ]

4. Results

4.1. Socio-demographic characteristics of the
smallhaolder farmers

Table 1 depicts the socio-demographic characteristics of the
130 sampled smallholder farmers. The sample was slightly
skewed towards women, who comprised 52% of the total.
About 81% of farmers were 15-59 years of age, with an
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average age of 45. The majority of smallholder farmers
(55%) in the sample had completed some level of formal
schooling, which included early childhood and junior high
school (GSS, 2022), although many (45%) reported having
no formal education. Most respondents were married
(63%), with a further 28% widowed. Typical of smallholder
farmers’ land holdings in Ghana (Ministry of Food and
Agriculture [MaFA], 2019), land holdings of sampled small-
holder farmers averaged 1.7 hectares, with farmland sizes for
65% of respondents of less than two hectares. The minimum
area of farmland holding was 0.4 hectares, accounting for 6%
of the smallholder farmers. A few holdings (1% of respon-
dents) were substantially larger (up to 5.3ha). Up to 71%
of the farms were family-owned.

Using the official Bank of Ghana inter-bank exchange rate
of USS1 to GH€10.99 as of the end of June 2023 and bench-
marking against a standard of living of US$1.90 per day, as
many as 70% of the smallholder farmers lived on GHe626 or
less per month and fell into the category of extreme poverty.
World Bank (2019) defined extreme poverty as living on less
than USS1.90 per person per day, indicating a low economic
status. Almost half of the participants (47%) reported follow-
ing Christianity, 41% followed traditional beliefs, and a smaller
proportion followed Islamic beliefs.

4.2, Livelihood capitals support for adaptation

The average ratings for all capitals were less than 3
(Figure 2), suggesting that, in gemeral, available resources
provided limited support for adaptation. However, there
was congiderable variation in the mean and a broad
range of ratings for each capital. Ratings for natural and
physical capital never exceeded 3 and were less than 1 at

Humen I—
social - D
| —
e | —— n
. —

=

0.0 1.0 20

3.0 4.0 5.0

Figure 2. Pooled analysis of the individual indicators ratings of each of the five capitals. Walues (v-axis) described the degree of support for climate adaptation (0=
constmining to 5 = supporting). The total length of the bar (ight and dark-shaded regions) shows the range of values for each capital, the junction of the light and
dark-shaded regions shaws the mean value, and the emror bars show the standard deviation of the mean value.
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Farmmg expenience
Houschold swze
Age

Level of education
Gender

Human capatal

Community group
Farmer networks

Socm] networks

Social capatal

Access 1o mstiunonal support

Access to mformation

Management of trees
Decision over farmlands

Farmland area

Land tenure system

Watural capital

Climate vanabiliny

Improved agricultural practices
Farm machinery and tools

Communication systems

Phvsical capatal

Infrastructuse

Secondary occupanon
Vahae of livestock
HAcces to credit
Apncultural sobsdy
Remitiances

Fmancial capital

Mumber of responses

Figure 3. Ratings of the indicators of each of the free capitals by the smallholder fanmers. Valoes (x-axis) ase the number of responses associated with each indicatar.

the lower end of the range. In contrast, human capital aver-
aged 1.8 with ratings ranging from 1.2 {constraining) to 4.2
[supporting). suggesting either wvariation in the support
offered to adaptation by component indicators or variation
in the rating of individual indicators by some farmers or

farmer subgroups within the sample.

4.3. Analysis of the indicators of each of the five capitals

Figure 3 shows the distribution of ratings farmers assigned to
component indicators of each of the five capitals. The distribution
of ratings of individual indicators varied considerably. Within
each capital, the rating disiribution for some indicators appeared
skewed towards higher ratings (support for adapiation), eg

farming experience in human capital, improved agricultural prac-
tices in physical capital, and secondary occupation in finandal
capital. Oher indicators were skewed towards lower ratings
(adaptation constraint), including access to information in sodal
capital and climate variability in natural capital. Between these
two extremes, a third group of indicators appeared to show
two distinct peaks in ratings, suggesting that the support for adap-
tation provided by these indicators was perceived differentdy by
sub-groups of tarmers within the sample. The indicators per-
ceived differently by sub-groups of farmers within the sample
were termed to have a “himodal pattern’. The indicators with
such bimodal patterns included gender (human capital), access
to mstitutional support {social capital) and remittances (financial
capital), all of which were rated as both supporting and
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Table 2. List of mast constraining and supporting ndicators of dimate adsptation from haghest average rating bo lowest and their respective capitals.

Corstraming mast farmers

Supparting most farmers

Corstraming and supposting farmers

Indicator Capital Indicator Capital Indscator Capital
Farm machinery and tools Physical Farming experience Human Social netwarks® Social
Land tenure system Natural Walue of livestock Finansial Farmer netwarks® Social
Farmlard area Matural Improved agricultural practices Physical Househaold size Human
Commaunication systems Physical Secandary corupation Finarsial Deciion aver farmland Matural
Infrastructhure Physical Management of bees Matural Acress to institutional support Social
Agricultural subsidy Fanancial Community group® Social Age Husman
Climate waria bty Matural Lewel of education Human
Mcress to information Social Gender Human
Acress to credit Financial
Remittances Financial

Motes ® At the community kevel in naral Africa, network structures play a vital role in collective actions and foster community's adaptive capacity (Adger, 2003). These
networks often emenge from kinship ties and scguaintances, termed social networks, or from hosizontally organised farmer groups, known & famer networks.
Beyond network structures, community growps play a significant mole. Membership in these groups strengthens local social ties, improves the economic situstion,
and empawers individuals. Furthermare, they offer sccess to resources outside of agriculture. These groups often serve 23 platforms for joint activities, sawings, and

sofidasity (Opoku Mensah et al, 20231

constraining adaptation by smallholder farmers. To bring out the
nuances and improve discussions on intersectionality, how the
different sub-groups of farmers within the sample perceived the
indicators is detailed in section 4.4.

Accordingly, most indicators were placed into one of three
categories: those that constrained the majority of smallholder
farmers, those that supported the majority of them, and
those that constrained some smallholder farmers while sup-
porting others. These indicators were distributed across the
various capitals, as summarised in Table 2.

4.3.1. Indicators that constrained most smallholder
farmers

The group of indicators that constrained most farmers
included all capitals except human capital {Table 2). Within
these constraining indicators, access to information (social
capital) was identified by all smallholder farmers as a con-
straint to climate adaptation (Figure 3). Similarly. as detailed
in Table 2 and Figure 3. three indicators of natural capital
were among those rated as constraining most farmers: climate
variahility (all farmers rated it 1 or lower), farmland areas (96%
rated it 2 or lower) and land tenure {all farmers rated it 2 or
lower). For physical capital. communication systems and
infrastructure constrained adaptation (Table 2) of 91% and
94% of the smallholder farmers (Figure 3), respectively. For
financial capital, agricultural subsidy (Table 2) was rated as
constraining 100% of farmers (Figure 3).

4.3.2. Indicators that supported most smaltholder

farmers

Of the indicators that supported most smallholder farmers in
climate adaptation as shown in Table 2. farming experience
(human capital) had the average highest rating of 4.0, with
94% of the smallholder farmers rating it 3 or above (Figure
3). Among financial capital indicators, both secondary occu-
pation and value of livestock supported adaptation (Table 2),
with 92% and 95% (Figure 3), respectively, of the smallholder
farmers rating them 3 or above. Table 2 shows the other indi-
cators that generally supported most farmers, including tree
management (natural capital), community groups (social capi-
tal), and improved agricultural practices (physical capital),
albeit with greater variation in ratings (see Figure 3).

4.1.3. Indicators that constrained some smaltholder
farmers while supporting others

Indicators from all except physical capital were included in this
category (Table 2), with social and human capital providing
three indicators each. While physical capital did not contribute
an indicator, a small group of farmers (<10%) did rate infra-
structure as moderately supporting (Figure 3) in contrast to
the majority rating of | or lower (strongly constraining).
Clear bimodal patterns in ratings were shown for remittances
and access to credit (financial capital), access to institutional
suppart and farmer networks (social capital), and gender and
levels of education (human capital) (Figure 3). For example,
about 32% of farmers rated the support to adaptation offered
by remittances as 4 (strongly supporting); however, the remain-
ing 68% rated this indicator as 0 (that is, it provided no support
to adaptation). Similarly, access to institutional support was
rated as 4 or above (strongly supporting) by 55% of farmers
and 1 or helow (strongly constraining) by 45% of farmers. For
gender, 53% of farmers considered it heavily constrained adap-
tation, while 30% considered it strongly supported adaptation.
For other indicators (Table 2), the bimodal pattern was less
striking but still evidemt (Figure 3). For example, decisions
over farmlands supported %% of the smallholder farmers,
was neutral for 12%, and constrained the remaining 19%.

4.4, Intersection of indicators and socio-demographics

This section used a Chi-square test of independence to analyse
the associations between the participants’ socin-demographic
characteristics (Table 1) and the ratings they assigned to indi-
cators of adaptive capacity, focusing on those showing a bimo-
dal pattern (Table 2). All indicators with bimodal patterns
showed significant associations (P-values ranged from 0.001-
0.03) with one or more socio-demographic characteristics
(Table 3). The detailed Chi-square test results are presented
as supplementary material 2.

Gender, either alone or in combination with other charac-
teristics, influenced the pattern of adaptive capacity ratings for
nine of 11 indicators that showed bimodal patterns (Table 3).
For these indicators, the women smallholder farmers invari-
ably rated their adaptive capacity as constrained, whereas the
men smallholder farmers predominantly comprised the
group supported by the indicator. However, for most
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indicators, capacity ratings were influenced by gender com-
bined with other characteristics (such as age, residential stamus,
and economic stams). For example, while gender generally
constrained the adaptive capacity of the women smallholder
farmers, those with low economic status were more affected
than women with high economic status or men smallholder
farmers irrespective of economic status. The gquote below
was typical of the views of women smallholder farmers with
low economic status across all the focus growps: “Owr ecomomic
status severely constrains us. While wealthier farmers can access
credif and buy quality seeds and fertilisers, we cannol. We find
improving our yields and securing our livelithoods againse cli-
muale risks difficult”. Of the 26 smallholder farmers who rated
gender as 0 (highly constrained), 6%% were women, and 31%
were men. Conversely, of the 10 smallholder farmers whao
rated gender as 5 (highly supported), 60% were men and
40% were women. Within the constrained group, 50% had
low economic status, compared to 19% with high economic
status. Within the supported group, 80% (40% women and
40% men) had high economic status.

Age constrained more older than younger smallholder
farmers. Of the 28 smallholder farmers who rated age 0 (con-
strained), 47% (29% women and 18% men) were 60 years and
older. The remaining 53% of the constrained group was domi-
nated by women 36-59 years (32%). Of the 39% who rated age
as 4 (supporting), most (92%) were in the two younger cat-
egories, with men (54%) proportionally higher than women
[38%). Only &% (3% women and 5% men) of this group
were 60 years and older. During the discussions, a young
man in Awaredone noted: “As a younger farmer, T have better
access to information and training on sustainable farming prac-
tices through our networks and social media. This adaptability
gives me an edge over older farmers wha do not use these
resources as often and stick to traditional methods”.

In addition to gender, the support to capacity from social
and farmer networks was also influenced by residential and
economic status, respectively (Table 3). Farmer networks sup-
ported more indigenes than migrants. Of the 18 smallholder
farmers who rated farmer networks as 1 (constraining), 80%
[4%% women and 31% men) were migrants. A4 young woman
migrant in Yameriga revealed: “As @ young woman and a
migrant, it is like facing a double whammy and catching a
dowble edged sharp knife: you will definifrely get cur. The local
farmer networks are vight-knit and tend to exclude migrants
like me. Withowt access to these networks where locals share

Table 3. Selected indicators and their associated intersecting factors.

Indicator Intersecting factonis) ¥2  Pwalue
Gender gender 12.9 002
Gender gender, economic skt 44.2 00
Age gender, age 50.7 00
Farmer networks gender, residential status 980 0013
Social metworks gender, sronomic sEtus 149 a1
Decision over farmilands gender, age 35.2 0.002
Acress to institutional support  growp membership 18.1 0034
Accesi to credit gender, group membership 253 0003
Remittances hausehald size 151 0022
Lard tenue gender 659.8 0.0m
Improved agricultural practices  economic status 14.0 001s
Secondary ocoupation gender 197 0.0
Secondary ocoupation leved of education 178 0008

resources and knowledge, I miss valuable resources and knowd-
edge that could help me adapt to the changing climate”. Conver-
sely, of the 73 smallholder farmers who rated it as 4
(supporting), 92% (39% women and 53% men) were indigenes.
For social networks, smallholder farmers with low economic
status rated the support to adaptive capacity highly. Of the
33 smallholder farmers who rated social networks as 1 {con-
straining), 85% (42% women and 43% men) had high econ-
omic status, compared to 15% (9% women and 6% men)
with low economic status. Conversely, out of the nine small-
holder farmers who rated social capital as 5 (supporting),
89% (11% women and 78% men) had low economic status
as against 11% (all women) with high economic status. A
man farmer in Awaredone noted during the discussion:
“Despite having the means, I am expected fo support many
peaple in my social networks, hindering my ability to jocus on
my own farm’s needs. I often find myself priovitising others’
needs over investing in improvements that could enhance my cli-
mate adaptation”.

Decision-making over farmlands supported more aged,
men smallholder farmers. Among the 67 smallholder farmers
who rated this indicator as 4 (supporting), 58% (22% women
and 36% men) were 60 years or above. OFf the 24 smallholder
farmers who were constrained, 87% were within the pro-
ductive age of 15-59 years and predominantly women (41%
of women 15-35 years, 25% of women 36-59 years, 13% of
men 15-35 years and 8% of men 36-59 years). For example,
an older smallholder farmer in Yameriga noted: “Being an
elder in our patriarchal community means that my decisions
about land are rarely gquestioned [ have the authority to
make key decizions about our farmlands, ensuring that the
land is managed according to my experience and judgrent”.

Access to credit supported more women smallholder farm-
ers with community group membership. Of the 32 smallholder
farmers who rated it as 4 (supporting), 56% were women
smallholder farmers who belonged to a group. Of the 41 small-
holder farmers who rated access to credit as 0 {constraining),
none were women smallholders with group membership. A
woman farmer in Awaredone mentioned:" ... through owr col-
lective savings and loan scheme, I can access credit more easily,
witich helps me buy better seeds and tools for my farm”. On the
other hand, access to credit constrained men smallholder
farmers without community group membership. During the
discussion in Yameriga, a man commented: “It is frustrating
that institutions focus on farming savings groups with women,
muaking it easier for them to access credit. As men, we are left
with limited options, and we struggle to get the same level of sup-
port o invest in better seeds and techrology to adapt to our
changing climate”.

Gender was not always the greatest influence on indicator
ratings. For example, more smallholder farmers with commu-
nity group membership rated access to institutional support
highly, while it was rated as constraining by those who did
not. While 75% (47% women and 28% men) of the 36 small-
holder farmers who rated it as O (constraining) did not belong
to groups, $0% [ 50% women and 40% men) of those who rated
it 5 (supporting) did belong to community groups. The follow-
ing quote was typical of farmers’ views who belonged to groups
across all FDGs: “Owr community group acts as a bridge
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between us and various institutions. Because support is often
channelled through groups, belonging to one ensures we do
AOF Miss oul on important resources and fraining programmes
that help improve our farming practices”.

Remittances supported more smallholder farmers in house-
holds with large household sizes and indigenes. For instance,
while 57% of the 88 smallholder farmers who rated remittances
as 0 belonged to household sizes of 1-5, 38% of the 42 small-
holder farmers who rated it as 4 belonged to larger household
sizes (43% for 11-15 household sizes and 45% for 16-20
household sizes).

Although the associations between ratings of adaptive
capacity and socio-demographic characteristics were clearest
for indicators with himodal patterns, other indicators were
also associated with socio-demographics. For example, land
tenure, which farmers rated as predominantly constraining
adaptive capacity, was generally rated lower by women small-
holder farmers than men smallholder farmers. Of the 64 small-
holder farmers who rated land tenure as 0 {constraining) (n =
64) or | (n=16), 81% and B2%, respectively, were women.
Likewise, for improved agricultural practices and secondary
occupation (indicators rated as predominantly supporting
farmers), support was highest among farmers with high econ-
omic status and men, respectively. Of the 39 smallholder farm-
ers who rated improved agricultural practices as 5
[supporting), 74% had high economic status compared to
26% with low economic status. Of the 18 smallholder farmers
who rated secondary occupation as 5 (supporting), 45% had
completed tertiary education, with the remainder spread
across other education completion levels. For example, a
farmer with high economic status in Yameriga said: “... [
imvest in the latest agricultural technologies and practices,
such as high-quality seeds and fervilisers .. thar significanty
boast my productivity”.

All farmers rated dimate variability and access to infor-
mation as constraining and showed no significant associations
with the socio-demographic characteristics. For example,
farmers across all FGDs typically expressed: “The unpredic-
able weather patterns make it hard to plan our farming activi-
ties. Ohie seasom, if is drought; the next, it is flood Owr lack of
access fo fimely weather forecasts and cimate information
leaves ws unprepared for such extreme weather events amd
severely limits our ability to adapt and make informed decisions
abowt aur farming activities”.

5. Discussion

Understanding the range of factors underpinning a commu-
nity's capacity for adaptation is essential to assessing vulner-
ability to climate change (Adger & Vincent, 2005). Although
capacity assessment can be applied at a range of scales {Abdol-
lahzadeh et al, 2023), the incorporation of processes that
engage communities in the identification of locally relevant
indicators, as in this study, helps ensure that assessments are
appropriate to the scale and context at which adaptation
occurs (Abdollahzadeh et al., 2023; Abdul-Razak & Kruse,
2017). While existing research has significantly advanced our
comprehension of the impacts of climate change and adap-
tation in Ghana, few studies have focused on specific aspects
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of adaptation and intersectional analysis (eg. Alare et al,
2022; Lawson et al, 2020). In advancing the need for mare
intersectional analysis to better understand vulnerability to cli-
mate extremes in Ghana (Nyantakyi-Frimpong, 2020, this
study adopted a mixed-method approach to explore how the
socio-demographics of smallholder farmers in the Talensi dis-
trict of Ghana intersected with their livelihood capitals to
shape their capacity for dimate adaptation.

The smdy draws on a systematic random sample of 130
smallholder farmers and six focus group discussions. The
socio-demographic characteristics of the farmers show that
the sample was slightly skewed towards women, who com-
prised 52% of the total The patriarchal nature of the Talensi
district and the higher representation of women as heads of
household or primary decision-makers in the survey resulis
are explained by several contextual factors. Firstly, the patriar-
chal system does not preclude women from becoming heads of
households in specific circumstances. For instance, divorced
women or women whose hushands have migrated for work
often assume the role of primary decision-makers in their
households. It is common for men in the Talensi district to
seek economic opportunities elsewhere, especially in the dry
season between Nowember and April (GSS, 2014 TDA,
2022), which coincided with the data collection period
between September 2022 and March 2023, Also, some
women take on leadership roles within their households due
to their economic contributions, especially in cases where
they are actively engaged in farming or other income-generat-
ing activities (Koomson-Yalley & Kyei, 2022). Additionally,
the focus on institutional support for women smallholder
farmers (Musah-Surugu et al, 2019; Tahirn et al, 201%)
explains the slightly higher representation of women as
heads of households or primary decision-makers. In many
rural areas in Ghana, including the Talensi district, institutions
- particularly civic/civil society institutions and development
agencies — target women for agricultural and livelihood sup-
port interventions. Such women are often encouraged to
take on leadership roles in decision-making within their
households and communities (Tahiru et al, 2019). The
study, therefore, likely captured these nuances, thereby reflect-
ing a slightly higher representation of women despite the over-
arching patriarchal structure of the district. This finding
highlights the importance of considering local dynamics and
gender roles when interpreting household-level data.

The study allowed smallholder farmers in two discrete com-
munities in the Talensi district in Ghana's northern savannah
AEZ (a district identified as highly exposed to climate change,
Opokn Mensah et al., 2023) to rate locally-derived indicators
of each of the five livelihood capitals (human, social, natoral,
physical and financial), as to the level of support provided to
adaptation. While overall, the capitals appeared to provide
limited support to adaptation, the considerable varation in
the range of ratings assigned to individual indicators of each
capital suggested that a deeper analysis is required to under-
stand vulnerability and intersectionality.

Analysis of the frequency distribution of ratings allowed
individual indicators to be categorised into one of three
groups. Two groups consisted of indicators skewed towards
higher ratings (suppart for adaptation) and those skewed
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towards lower ratings (adaptation constraint). A third group of
indicators appeared to show two distinct peaks, ie. a bimodal
pattern. This pattern suggests that the support for adaptation
provided by these indicators was perceived differently by
sub-groups of farmers within the sample, as summarised in
Table 4. The categorisation of indicators in this way also has
implications for how institutional responses to dimate change
are formulated. Where most farmers identified an indicator as
constraining adaptation, a broad-scale response by institutions
would appear desirable to build adaptive capacity. That some
indicators supported the majority of farmers, suggests that
efforts by institutions or local conditions have enhanced adap-
tive capacity. The third group of indicators with a bimodal pat-
tern presents the most problematic situation for building
capacity because they require an institutional understanding
of local conditions through engagement with disadvantaged
social groups to formuolate context-specific responses, which
are seldom realised through centralised interventions { Nyanta-
kyi-Frimpong, 2020). Thompson-Hall et al. (3016} posit that
such nuanced interpretation of localised realities within
specific agricultural contexts offers insights inte how these set-
tings fit and intersect within the larger agricultural landscape.

The analysis of adaptive capacity showed that gender con-
strained women smallholder farmers more than their men
counterpans. However, gender was mot the only important
factor, as shown in Table 4. For example, where gender inter-
sected with low economic status, age, and residential status, it
heightened the constraint on adaptation experienced by
women. Specifically, similar to Lawson et al. (2020), this
study found that decisions over farmland constrained more
women between 15-35 years and supported men 60 years or
above. Due to the patriarchal nature of the Talensi district,
women farmers, particularly younger women, were unable to

Table 4. Summary of sub-groups within indicators with bimodal pattemns.
Indicators with bimodal patiemns

Corataining sub-
Indicator Capital groups Supporting sub-groups
Gender Human  Women with low ‘Wamen with high
economic skatus economic status and
of men imespectie of
Eanomic status
hge Human  Women 346 years and Men <15 years - 35
alkder yEaTs
Zocial metworks  Secial Farmers with high Men with low economic
economic status skatury
Farmer Social ‘Waomen migrants Men indigenes
networks
Decision over Matural  Women 15-35 years Men 60 years or above
farmland
Mccess to credit  Financisl  Men withouwt ‘Women with
community group COMETUnity group
membership mesmbership
Access to Social ‘Wamen without Farmers with
institutional community group comaEmunity group
suppoet membership membership
Remittances Financial Farmens in households  Farmers in howsesholds
with housshold sizes with househald sizes
af 1-5 and wamen of 11 and abowe and
migrants men indigenes
Lewel of Husman Farmers with no formal ~ Farmers with tertiary
education education and education and men

women with |ow
economic skatus

with high economac
shatus

own land because they had to obtain it in ways that raised
their insecurity, including borrowing from relatives, depend-
ing on men relatives and leasehold agreements, which
impacted their capacity to implement innovative adaptation
practices. According to Akugre et al. (2021}, women's limited
control and land ownership in patriarchal communities con-
tinue to impede their effective adaptation, given that access
to land in such communities is particularly crucial for sustain-
ahle adaptation. While gender has been the subject of many
studies on intersectionality and climate change vulnerability,
other socio-demographic characteristics, such as age, have
received less attention in the Global South (Erwin et al,
2021; Ravera et al, 2016). Naotwithstanding the importance
of gender studies, the findings of this study reveal that
human-environment researchers, particularly practitioners
and policymakers in adaptation, alse need to account for com-
munity dynamics related to ageing in designing adaptation
interventions. Previous studies (eg. Erwin et al, 2021;
Yimam & Holvoet, 2023) have also emphasised how gender
intersects with different identities to shape adaptive capahili-
ties. Therefore, when designing adaptation interventions for
smallholder farmers, it is vital to consider additional factors
like age. socio-economic status, and education level. Although
such nuanced analysis is problematical for resource-con-
strained governmments of S5A, incorporating these elements
can lead to better adaptation outcomes (Thompson-Hall
et al., 2016).

Similar to Assan et al. (2018) and Opoku Mensah et al.
(2023), access to credit supported women who belonged to
community groups, while constraining men who did not
belong to community groups. In the study communities, insti-
tutions, particularly civic/civil society institutions, supported
farmers—particularly women farmers—to cultivate a savings
culture and provided access to low-interest microcredit for
starting new businesses and productive investments in agricul-
ture. This finding suppaorts the idea that women's circum-
stances are diverse (Nyantakyi-Frimpong, 2020) and that
there is “a need to separate being poor from being women or
the generalisation ... . that all women are poor and that the
poor are always more vulnerable” (Arora-Jonsson, 2011,
p- 746). According to Chaplin et al. (2019), such separation
can support the development of inclusive climate policies.

Recent research has demonstrated the impact of residential
status on access to resources (Erwin et al, 2021), and the
findings of this study align with those observations. Specifi-
cally, we found that residential status intersected with farmer
networks and remittances to constrain migrants, suggesting
that migrants may have been marginalised from these net-
works and could not draw on financial resources from remit-
tances. Generally, women migrants were constrained by
farmer networks. The FGDs revealed that local farmer net-
warks were tight-knit and tended to exclude migrants. This
situation limited their involvement in farmer networks
where locals share respurces and knowledge, putting them at
a disadvantage when it comes to adapting to climate change.
This finding is consistent with that of Lawson et al. (2020),
who found that women farmers who are indigenes have com-
paratively better access to resources, such as farmer netwaorks,
as in this study. Farmer networks have been promoted,
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particularly by institutions, as the best way to quickly disserni-
nate information and provide farmers with cost-effective
extension services delivery; but, because they are frequently
not well developed and strengthened, their full potential has
not yet been realised (Alare et al,, 2022) and they tend to be
discriminatory against women migrants. Similarly, a recent
study by Kuchimanchi et al. (2009) found that migration
experiences shape unequal access to livelihood capitals and
affect people’s vulnerability and adaptive capacity. In light of
the likelihood of increased dimate-induced human migration
in the future (Azumah & Ahmed, 2023), such findings assume
greater importance. Erwin et al. (2021) emphasised the impor-
tance of understanding the complexities of labour migration
and that they should be incorporated into the design of adap-
tation interventions to promote adaptation for all while prior-
itising the needs of the most vulnerable.

Fatuase and Ajibefun (2014) found that formal education to
tertiary levels influenced adaptation options. This study found
that farmers’ level of education in the Talensi district sup-
ported farmers with tertiary education and men with high
economic status while constraining farmers with no formal
education and women with low economic status. Smallholder
farmers with higher levels of education reported that having a
secondary occupation that supported their capacity. Infor-
mation from focus group discussions indicated that these
smallholders owned land and earned salaries from jobs outside
of agriculture. Notably, individuals from both genders in this
skilled subset reported employment in various fields, including
teaching, nursing, civil/public services, crafts, entrepreneur-
ship, and banking. Other studies have shown a relationship
between higher educational attainment and reduced vulner-
ability to climate change (Yimam & Holvoet, 2023). Echoing
findings from Erwin et al. (2021), the analysis indicated that
the intersectionality between educational status and gender
often led to divergent income diversification opportunities
for men and women. Unskilled women, in particular, found
fewer opportunities to diversify their income, which impeded
their individual and households" capacity to adapt. In light of
these findings, education institutions should work with
unskilled smallholder farmers, particularly women, to enhance
adaptation outcomes at both the household and individoal
lewels. Unlike Alare et al. {2022), who found that level of edu-
cation and marital status were the primary indicators that
influence smallholder farmers” access to social networks for cli-
mate change adaptation, this study found farmers” economic
status as the key indicator. Men with low economic status
revealed they had more grassroots connections and influence
within local networks, particularly male-dominated ones.
These connections provided them with informal support,
including knowledge sharing and access to communal
resources that were not readily available to farmers with high
economic statns who were perceived as more distant or less
in need of suppart. From the foregoing discussion, the inter-
section of the farmers’ socio-demographic characteristics and
adaptive capacity is apparent and consistent with the under-
standing that vulnerability is socially heterogeneous (Erwin
et al., 2021; Yimam & Holvoet, 2023) and may be experienced
differently by sub-groups in a community according to socio-
demographic characteristics. Such understanding is vital for
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supporting and  planning  climate-sensitive  interventions
grounded in principles of social justice. Without a vulner-
ability analysis that unmasks differences or moves beyond
binary gender categorisations, subsequent interventions
might overlook the needs of numerous individuals and poten-
tially exacerbate existing vulnerabilities (Nyantakyi-Frimpong,
2020).

Although the associations between ratings of adaptive
capacity and socio-demographic characteristics were clearest
for indicators with bimodal patterns (ie. supporting for
some while constraining for others). other indicators were
also associated with socio-demographics. For example, in
keeping with Lawson et al. (2020), land tenure, which farmers
rated as predominantly constraining adaptive capacity, was
generally influenced by age and marital status. Particularly,
younger (36-59 years) and married and widowed women
farmers rated land tenure lower than men farmers between
15-59 years and men who are married. This finding was likely
due to the patriarchal nature of the Talensi district, where it is
against socio-cultural norms and customs for a widow to head
a household. In contrast, when a man succeeds a deceased
household head, he assumes the role of head and gains more
ownership and control over land (Alare et al., 2022). Likewise,
for improved agricultural practices and secondary occupation
(indicators rated as predominantly supporting farmers), sup-
port was highest among farmers with high economic status
and men, respectively. Despite the differences, there are com-
mon factors to investigate when identifying possible intersec-
tional impacts of policy interventions. This study’s common
factors included climate variability and access to information,
which constrained all smallholder farmers. Notably, an inter-
sectional approach must also identify common factors preva-
lent across all locations and among all smallholder farmers.
Such analysis is essential to unpack unigue intersectional
dynamics (Axelrod et al, 2022).

6. Conclusian

In advancing research on the need for more intersectional
analysis to better understand vulnerability to climate extremes
in Ghana, this study adopted a mixed-method approach. This
approach aligns with the growing calls for empirically
grounded intersectional research to understand the diversity
of actors pursuing adaptation, how intersecting identities
shape their adaptation in a highly diverse context, what pol-
icies could promote more equitable adaptation within and
across heterogeneous communities and, thereby, foster a
more nuanced and critical analysis of climate change and
inequality dynamics. The study draws from a systematic ran-
dom sample of 130 smallholder farmers and six focus group
discussions with smallholder farmers in two discrete commu-
nities. in the Talensi district in Ghana's northern savannah
AEZ (a district identified as highly exposed to climate change,
Opoku Mensah et al., 2023) who rated locally-derived indi-
cators of each of the five livelihood capitals, as to the level of
support provided to adaptation. Employing descriptive and
inferential statistics and narrative analysis, the research
unpacks how livelihood capital indicators intersect with
these farmers’ socio-demographics, either supporting or
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constraining their climate adaptation efforts. Such an intersec-
tiomality approach allowed us to view vulnerability not just as
the characteristic of some socio-demographic groups but as an
outcome of interdependent and various societal stratification
processes leading to multiple dimensions of vulnerability and
revealing a more nuanced understanding of vulnerabilities
and unpacked vulnerable groups.

While overall, the capitals appeared to provide limited sup-
port for adaptation, the considerable variation in the range of
ratings assigned to individual indicators of each capital
suggested that a deeper analysis is required to understand vul-
nerability and intersectionality. Analysis of the frequency dis-
tribution of ratings allowed individual indicators to be
categorised into one of three groups. Two groups consisted
of indicators skewed towards higher ratings (support for adap-
tation) and those skewed towards lower ratings (adaptation
constraint). Between these two extremes, a third group of indi-
cators appeared to show two distinet peaks, often at opposite
ends of the rating scale, ie. a bimodal pattern, suggesting
that the support for adaptation provided by these indicators
was perceived differently by sub-groups of farmers within
the sample. Such nuanced interpretations of localised realities
within specific agriculiural contexts can offer insights into how
these settings fit and intersect within the larger agricultural
landscape.

The findings of this study hold significant implications for
human-envirenment researchers in theorising climate vulner-
ability and inequality and formulating effective adaptation pol-
icies. These findings could assist adaptation practitioners and
policymakers design interventions that facilitate effective
adaptation among smallholder farmers with diverse back-
grounds. From a policy perspective, integrating an intersec-
tiomal analysis can be complicated and time-consuming
(Hankivsky & Cormier, 2011). Nonetheless, avoiding simplis-
tic analyses that overlook intersectional analysis with various
dimensions is crucial. Failing to do so can result in suboptimal
policies and further marginalise specific groups of smallholder
farmers through a failure to acknowledge their differential
interests and wvaried access to adaptive strategies (Chaplin
et al, 201% Raza, 2017). While the disparities between men
and women can deeply shape their vulnerability, we suggest
that other socio-demographic factors might hold equal or
greater significance. By adopting an intersectional approach,
policymakers can broaden their understanding of the differen-
tial needs of houwseholds and individuals to better target
resources and support diverse adaptive strategies. Recognising
that vulnerability is socially heterogeneous, policies must be
tailored to reflect different farmer groups’ diverse needs and
capacities. This approach will ensure that interventions are tar-
geted, equitable, and inclusive to obviate farmers’ vulner-
ability, particularly those marginalised by their sodo-
demographic characteristics, and to foster sustainable agricul-
tural communities.
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Chapter Six

The role of institutions in enhancing climate change adaptation by smallholder farmers in

the Talensi district of Ghana

Chapter six is an article submitted to Environmental Development. It is under revision. The paper
answers research question 3: What roles do institutions play in enhancing climate change

adaptation by smallholder farmers?, and its sub-research questions:

1. What are the various institution-led adaptation actions and their outcomes for smallholder
farmers?

ii. What challenges limit the implementation of institutional adaptation actions?

This chapter examines institutional-led adaptation efforts, focusing on three key dimensions:

scale, scope, and sustainability.
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The role of institutions in enhancing climate change adaptation by smallholder farmers in

the Talensi district of Ghana

Abstract

The Talensi district is home to many institutions offering diverse adaptation interventions,
especially for smallholder farmers. However, there is a lack of empirical research on various
institutional-led adaptation actions, their outcomes, and the challenges limiting their
implementation. This case study of institutional interventions in the Talensi district focuses on
three dimensions of institutions’ operations—scale, scope and sustainability. Using qualitative
primary data collected from eight institutions, the study showed that while the institutions
implemented interventions—training and capacity building, technology transfer, input supply
and marketing and value chain integration—to support smallholder farmers in adopting specific
adaptation actions, they also focused on broader livelihood issues to support the communities to
respond to developmental and environmental challenges. The institutions were also confronted
with several sustainability challenges—including donor priority, market orientation, resources,
policy support, planning, transparency and group formation—that negatively impacted their
ability to reduce vulnerability and build the adaptive capacity of farmers. As farmers depend on
different institutions to pursue their adaptation objectives, we suggest that adaptation in
smallholder production systems should consider cross-linkages and synergies to support
adaptation actions and avoid maladaptive outcomes. The findings highlight the interfaces

between institutional interventions and farmer adaptation behaviours.
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6.1 Introduction

With the intensifying impacts of climate change, adaptation efforts are increasing globally,
especially for the most vulnerable countries (Intergovernmental Panel on Climate Change
[IPCC], 2022a; World Meteorological Organization [WMOY], 2024). Smallholder farmers in low-
income countries systematically face compounding unfavourable situations that prevent them
from pursuing agriculture as a viable and sustainable livelihood (WMO, 2024a) and, therefore,
have been identified as a priority for support to adapt (Food and Agriculture Organization [FAO],
2024). Climate change adaptation, defined as adjusting to actual or expected climate and its
effects to moderate harm or exploit beneficial opportunities (IPCC, 2022b), does not occur in an
‘institutional vacuum’ (Agrawal, 2008, p. 19). It is most effective when supported by well-
aligned institutions across scales, sectors, policy domains, and timeframes (IPCC, 2022a)
because they can contribute to conditions that guide households and collectives to adopt specific
adaptation practices (Azhoni et al., 2024; United Nations Framework Convention on Climate
Change [UNFCCC], 2020). Studies of climate change adaptation have largely occurred through
the lens of adaptive capacity. Adoption of adaptation actions depends on farmers’ adaptive
capacity to control tangible and intangible resources (Tong et al., 2024). According to IPCC
(2022b), adaptive capacity, the ability of systems, institutions, humans, and other organisms to
adapt, predicates the success of adaptation, and its assessment identifies the factors hindering or

promoting adaptation (Elrick-Barr et al., 2022).

Although institutions have been recognised to play important roles in enabling smallholder
farmers’ adaptation, corresponding research in this area is largely under-explored (He et al.,
2022; Azhoni et al., 2024), especially in developing countries such as Ghana (the location of this
study) (Yomo et al., 2020; Tahiru et al., 2019). IPCC (2022a) recommended intensifying
smallholder farm-level research to understand how institutions shape farmers responses to
climate change impacts and support their adaptation behaviours (IPCC, 2022a; Petzold et al.,
2023), particularly in climate-sensitive areas (He et al., 2022). Such a focus has significant
implications for developing climate change actions to address farmers’ vulnerability (He et al.,
2022). Institutions are humanly created mechanisms that shape social and individual expectations,
interactions and behaviour (Agrawal, 2008; Park, 2023). Institutions are omnipresent and serve

diverse purposes in adaptation that include operationalising adaptation campaigns (Stocker,
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2014), mobilising climate funds (Yaro et al., 2015), communicating climate change information
(Bawakyillenuo et al., 2016), establishing policy partnerships for effective adaptation (Béné et al.,
2016) and delivering environmental services to vulnerable groups and communities (Tahiru,
2019). Institutions help to foster diverse approaches to adaptation and are recognised as key
actors in knowledge production, risk and vulnerability mapping and community capacity

building (Tahiru et al., 2019).

For climate change adaptation, institutions are commonly categorised into two groups; formal,
which encompass tangible governance and organisational structures, and informal, which are the
uncodified ‘rules of the game’, cultural norms and traditions that govern the behaviour and
nature of human interaction (Jones et al., 2010, p.5; Mubaya & Mafongoya, 2017, p.94). While
both formal and informal institutions can complement household and community adaptation
efforts (Mubaya & Mafongoya, 2017), this study focuses on formal institutions supporting
climate change adaptation by smallholder farmers because Ghana, the setting for the research, is
regarded as having a well-established rural governance infrastructure, mainly dominated by
formal institutions that promote practices to reduce farmers’ vulnerability and maintain
sustainable livelihoods (Yomo et al., 2020). Also, actions by informal institutions are likely to be
constrained in resource-limited settings. There is a limit in the degree to which shared social and
human capital in informal settings can substitute for the physical and financial capital (as well as
human and social capital) that formal institutions (such as through development aid projects)
often deliver (e.g. Marosevic & Jurkovic, 2013; Cunningham & Dibooglu, 2020). This focus
does not discount the relevance of informal institutions. Indeed, informal institutions—including
extended family support networks, local norms of reciprocity, and traditional authorities (Haggis
et al., 1986; Cunningham & Dibooglu, 2020)—remain deeply embedded in rural life and are
highly relevant in shaping adaptive behaviours in many African agrarian contexts (Mubaya &
Mafongoya, 2017; Browne et al., 2024). However, the decision to focus on formal institutions
was driven by the specific objectives of this chapter and the broader research aims of the thesis,
which sought to critically examine how state and non-state institutional arrangements influence
the design, delivery, and equity of planned adaptation support mechanisms. While not the central
focus here, social capital—community groups, farmer networks and social networks as part of

informal institutions are discussed in Chapters 4 and 5.
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Agrawal (2008) further categorises formal institutions into three types based on their actions.
These include state/public covering bureaucratic administrative units and elected local
governments, private/market that pursue commercial interests, including service organisations
and private businesses, and civic/civil society that refer to non-governmental organisations and
other hybrid entities such as membership and co-operative organisations. Collectively, these
types of institutions act to influence adaptation in three major ways: (i) they reduce the
vulnerability of smallholder farmers in a given socio-ecological context; (ii) they create an
incentive framework and shape how smallholder farmers collectively or individually respond to
climate change; and (iii) they mediate the effect of external interventions on climate adaptation
(Agrawal, 2008; Yomo et al., 2020). Communities’ vulnerability hinges on biophysical outcomes
and the place-based, socio-political and institutional framework that largely determines adaptive
capacity (Adger, 2006; Mubaya & Mafongoya, 2017). In assessing the structure and function of
institutions to support adaptation, three elements are critical (Agrawal, 2008; Mubaya &
Mafongoya, 2017): the institutional landscape, institutional accessibility, and institutional

linkages.

The institutional landscape is formed from the nature and goals of the range of institutions
operating to support adaptation. Typically, adaptation occurs in multi-actor settings, where the
goals of each institution can vary (Petzold et al., 2023). State/public institutions are usually
expected to act on public infrastructure or moderate institutional adaptation in the interest of
society at large. Civic/civil society and market/private institutions are generally not held to such
expectations and might act in their own best interests and immediate benefit (Petzold et al.,
2023). With their primary focus on regulating socio-economic interactions and responding to
public demands (state/public), promoting voluntary and social relationships (civic/civil society),
or responding to commercial interests and generating profits (private/market), individual
institutions may be constrained in the actions they can undertake to facilitate adaptation due to a
lack of sufficient capacity or expertise (Agrawal, 2008). For example, while state/public
institutions are often criticised for promoting economic development shaped by political interests
that may not be in the interests of local communities (Park, 2023), civic/civil society institutions,
such as humanitarian development organisations, are often criticised for responding primarily to
the priorities of donors that may compromise the effectiveness of interventions (Dreher et al.,

2024). Similarly, private/market institutions are often criticised for promoting products and
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advisory services they can sell and offer as consultants (Quarshie et al., 2023; Tahiru et al., 2019).
Institutions can, thus, spur, strengthen, or distort the emergence, adoption, and implementation of

climate action and governance or hinder or weaken these processes (IPCC, 2022a).

Institutional accessibility examines the patterns through which specific types of institutions
facilitate particular adaptation actions and explores the variety of tools institutions may
implement to shape the type and extent of adaptation (Ray Biswas & Rahman, 2023). The
intervention style and method can enable or constrain risk and vulnerability reduction by
including or excluding specific socio-cultural groups within society (Petzold et al., 2023; Ulibarri
et al., 2022; Thompson-Hall et al., 2016). The tools available to institutions include information-
based instruments (awareness creation or promoting actions through information provision),
direct regulation (policy or law restricting or mandating actions), economic instruments
(subsidies, insurance, taxes, or other financial mechanisms), capacity building (supporting
individuals to adapt more effectively), development of plans (mandated or voluntary) and
enhancement of social capital through support for networks (inter-organisational collaborations
or community networks) (Taylor et al., 2012; Ulibarri et al., 2022). Musah-Surugu et al. (2019)
summarise the range of interventions by institutions in building the adaptive capacity of
smallholder farmers into climate advocacy, direct climate service provision, and local
empowerment to help them make considered farm-level decisions (Yomo et al., 2020; Bahinipati

et al., 2024).

Institutional linkages refer to relationships among institutions and with rural households. In areas
with multiple institutions, their impact on adaptation varies significantly based on how connected
they are, their coordination in response to climate hazards, and their articulation with external
institutions and resources (Agrawal, 2008). Institutions that lack links or where interactions
conflict with others tend to be less effective than those with multiple positive links with other

institutions and target communities (Agrawal, 2008; Azhoni et al., 2024).

Realising complex and ambitious goals, such as effective adaptation (UNFCCC, 2020), climate
equity and justice (Kerr et al., 2022), and the Sustainable Development Goals (SDGs) (United
Nations [UN], 2015; Pradhan et al., 2025), requires institutions to continue to be active in
promoting adaptation (IPCC, 2022a; Witinok-Huber et al., 2025). This study focused on the
Talensi district in Ghana’s northern savannah Agro-ecological Zone (AEZ) due to the high
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vulnerability of its agriculture and the significance of formal institutional support (Abunyewah et
al., 2024). The aim was to investigate how institutions enable smallholder farmers to navigate
climate-related risks and effectively adapt. Though the Talensi district is home to many
institutions offering diverse climate change interventions, such as capacity building and
ecological restoration (Abunyewah et al., 2024; Opoku Mensah et al., 2024), there is a lack of
empirical research on various institution-led adaptation actions, their outcomes, and the
challenges limiting the implementation of adaptation actions. This case study of institutional
interventions in the Talensi district focuses on the institutional landscape (nature and goals of the
identified institutions), institutional accessibility (how adaptation actions are facilitated) and
institutional linkages (coordination among institutions and connection to communities) for
vulnerable smallholder farmers. It also documents the challenges faced by institutions in
supporting smallholder farmers to adapt to climate change. The findings highlight the interfaces

between institutional interventions and farmer adaptation behaviours.

6.2 Methods and materials
6.2.1 Study area description

The Upper East region is one of sixteen regions of Ghana, which are further subdivided into 216
districts for administrative purposes. The Talensi district (Figure 13) is one of the 15
administrative districts of the Upper East region of Ghana. Bolgatanga serves as the regional
capital of the Upper East region, whereas Tongo serves as the district capital of the Talensi
district. This district was chosen because of its distinct local socio-economic and climatic
characteristics, including exposure to climate change, ecological sensitivity, historical lack of
development, the existence of institutions supporting improved agricultural practices and
adaptation interventions, and its agro-pastoral livelihoods (Abunyewah et al., 2024; Opoku
Mensah et al., 2025). The district experiences two distinct seasons: a dry season from November
to April and an unpredictable rainy season from May to October. The Talensi district receives
950 mm of rain on average annually. March and April see the highest average yearly temperature
of 45°C, while December sees the lowest temperature of 12°C (Talensi District Assembly [TDA],
2022; Ghana Statistical Service [GSS, 2014]). The district’s dryland (non-irrigated) agricultural

production system is environmentally fragile (Opoku Mensah et al., 2023).
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Figure 13: Map of the Talensi district, showing the locations of Awaredone and Yameriga

Source: Opoku Mensah et al., 2023; Abunyewabh et al., 2024.

Figure 14 shows the temperature and rainfall trends in the Talensi district during the past 42
years. Generally, temperature has increased over a 40-year period (see Figure 14 and Table 12).
Figure 14 shows an increase in annual average precipitation with consistently high inter-annual
rainfall variability across months and seasons in the district (Table 13). Inter-annual rainfall

variability in the dry season is increasing with an increasing trend relative to the rainy season.
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Figure 14: Precipitation and temperature change of the Talensi district for the past 42 years
(1981-2022)

Source: Author’s construct using meteorological data collected from the Upper East regional

office of Ghana Meteorological Agency (GMet) (2022)

Table 12: Statistical summary of temperature in the Talensi district for the past 42 years (1981—
2022)

Parameter (°C) Min Max Mean SD Cv MK
Average annual temperature 343 36.8 3527 050  0.01  4.94%**
January 32.2 37.7 3536 1.50 0.04 1.65*
February 35.0 40.1 37.73 .20 0.03 2. 73%**
March 37.6 44.0 39.67 1.11 0.03  2.99%*x*
April 37.0 47.4 39.58 1.57 0.04 1.01
May 33.0 38.4 36.41 1.16  0.03 1.02
June 32.1 35.0 3348 070 0.02 1.18
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July
August
September
October
November

December

30.1

29.6

28.5

323

342

34.0

33.1

36.1

34.0

36.0

38.5

37.8

31.40

30.64

31.55

34.23

36.88

36.34

0.76

1.01

0.82

0.90

1.19

0.97

0.02

0.03

0.03

0.03

0.03

0.03

3.15%%*

3.53%%x*

0.95

1.83*

5.03%%*

2.50%*

Note: *, ** *** indicate significant statistical levels of p < 0.1, p < 0.05, p < 0.01, respectively;

CV <0.20 = Low, 0.20 < CV <0.30 = Moderate, CV > 0.30 = High

Source: Author’s construct using meteorological data collected from the Upper East regional

office of GMet (2022)

Table 13: Statistical summary of rainfall in the Talensi district for the past 42 years (1981-2022)

Parameter (mm) Min Max Sum Mean SD CV MK
Average annual rainfall 57.1 122 3641.6 86.70 16.88 0.19 2.18**
Rainy season 623.9 1309.1 40420.4 962.39 188.32 0.20 1.66*
Dry season 6.4 182 3278.6  78.06 46.06 0.59 2.69%***
January 0.0 1.2 1.4 0.03 0.19 6.33 -0.25
February 0.0 23.1 96.5 2.30 5.64 245 0.62
March 0.0 97.8 839.4 1999 27.06 135 1.65*
April 2.8 176.5 2036.6 4849 37.83 (.78 2.48**
May 32.6 199.8 4328.7 103.06 42.59 0.41 2.32%*
June 36.8 275.5 5590.1 133.10 52.63 0.40 -0.20
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July 74.8 446.5 8073.2 19222 91.85 048 0.80

August 95.6 601.3 11247.4 267.80 109.79 0.41 0.61%*
September 23.8 331.1 8542.0 203.38 7440 037 -1.78%*
October 0.0 236.1 2639.0 62.83 46.86 0.75 -1.88*
November 0.0 46.5 233.3 5.55 10.25 1.85 -0.81
December 0.0 44.6 71.4 1.70 7.85 4.62 -0.88

Note: *, ** *** indicate significant statistical levels of p < 0.1, p <0.05, p <0.01, respectively
Source: Author’s construct using meteorological data collected from the Upper East regional

office of GMet (2022)

Significant impacts of climate change have been experienced in the Talensi district, including
floods, wildfires, starvation, drought, crop loss, and pest infestations (TDA, 2022). Agriculture
plays a significant role in the district, with 91% of households engaged. These households are
mostly smallholders whose agricultural production depends on a favourable climate (TDA, 2022;
GSS, 2014). The primary agricultural activity is agro-pastoralism, which involves crop farming
and livestock production. Some silviculture and aquaculture are also practiced (TDA, 2022; GSS,
2014). The smallholder agro-pastoral farmers in the district have seen declining soil fertility,
leading to loss of productivity, loss of forest cover, disappearance of biodiversity, and variability
in annual rainfall (TDA, 2022). The Talensi district’s agro-pastoral production system is among
Ghana’s most vulnerable to climate-related hazards, including seasonal temperature changes,
rainfall variability, and extreme events. Additionally, the system is weakened by persistent
poverty and inadequate infrastructure development (TDA, 2022). Institutional interventions are
implemented for the smallholder farmers in the Talensi district to support adaptation and
maintain sustainable livelihoods, which include ecological restoration and capacity building
(Opoku Mensah et al., 2023; 2024). The Talensi district was considered an appropriate choice for
the study because of its biophysical environment and strong institutional presence (Abunyewah

et al., 2024).
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6.2.2 Survey design and data collection

This study adopted a qualitative research method to provide a nuanced understanding of the role
of institutions in smallholder farmers’ climate change adaptation practices in the Talensi district.
This study utilised a case study approach (Chenani et al., 2021) of institutions to achieve its
research objectives. Such an approach enables researchers to comprehensively understand
society and its local actors’ perceptions and access context-specific evidence and observations
(Ford et al., 2010). A deductive approach (Bingham, 2023) was employed to qualitatively
understand the contextual contributions of institutions to smallholder farmers’ climate adaptation
practices in semi-arid Ghana. The study adopted semi-structured interviews to collect primary
qualitative data to analyse experiences, events and opinions and better understand how different
respondents perceive and interpret these meanings (Dunn, 2021). Such interviews also provide
nuanced qualitative insights into the experiences and perceptions of participants (Strijker et al.,

2020).

Fieldwork was conducted between September 2022 and March 2023. The primary data
collection consisted of in-depth interviews with institutions involved in climate change and
agricultural production in the Talensi district. The lead researcher interviewed eight institutions
based on their availability, applicability and willingness to participate in the study. To ensure that
the data represented the institutional landscape in the district, a mix of the three institutional
types—state/public (n=4), private/market (n=1), and civic/civil society (n=3)—were interviewed.
These institutions have extensive experience, knowledge, and recognised involvement in climate
change initiatives, agricultural production and rural development in the district. The lead
researcher conducted all interviews to clarify discrepancies, minimise interpretation bias, and
validate responses (Lawless et al., 2022). Representatives from identified institutions, who were
mainly field staff, were interviewed. The interviews explored the nature and goals of the
identified institutions (landscape), how they facilitate adaptation actions—as identified during
the interviews—through implementation tools (accessibility), whether and how they coordinate
their responses and whether they cover the most vulnerable smallholder farmers (linkages). The
interviews were conducted in English, the official language of Ghana, and at the institutions’
offices. The interviews lasted approximately an hour and were audio-taped with the consent of

the participants. The study also utilised secondary data sources (Chatfield, 2020)—including
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institutional websites, published reports, and programme/project documents—to better

understand the structure and function of the institutions to support adaptation.

6.3 Data Analysis

The data were deductively analysed using thematic and narrative analysis (Bryman, 2012).
Audio recordings were transcribed verbatim into text. The texts were compiled and compared
against the recorded audio files to understand the varying opinions within the text and to ensure
the accuracy of the data (Mgller et al., 2018). This data set was meticulously read several times
to identify and thoroughly understand the raw data (Mgller et al., 2018). NVivo 14 was used to
code the transcripts according to themes (Bryman, 2012). In emphasising stories articulated by
respondents, narrative analysis using quotations was adopted to substantiate claims and illustrate
the interconnections between themes (Bryman, 2012). To ensure rigour and trustworthiness,
respondents’ own words were maintained with low use of inference descriptors (Baxter & Eyles,
1997). Document review analysis was used to analyse the secondary data (see Davila et al.,
2024). The various secondary data sources were reviewed to understand the structure and
function of the institutions, focusing on their aims, focus of interventions, scale of operation and
key challenges. The secondary data were also cross-referenced with the primary data to provide a

comprehensive understanding of the structure and function of the institutions.

6.4 Ethics approval

The research received approval from the Human Research Ethics Committee (HREC) at the
University of Technology Sydney (UTS), under approval number UTS HREC ETH22-7303.
Before administering interviews, all respondents provided informed consent for their

involvement.

6.5 Results
6.5.1 Institutional landscape

The three categories of institutions, state/public, private/market, and civic/civil society, operated
in the Talensi district to support smallholder farmers in changing the way they farm in response

to the changing climate (including climate variability/seasonal variations, extreme weather
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events, long-term temperature change etc.) (Table 13). Four of the eight institutions identified
were state/public (TDA, Environmental Protection Agency [EPA], Department of Agriculture
[DoA] and Ghana Meteorological Agency [GMet]). One was a market/private institution
(Kundok Development Consult [KDC]). Three were civic/civil society institutions (Farmer
Training Centre [FTC], Widows and Orphans Movement [WOM], and World Vision Ghana
[WVG]). Table 14 summarises key details about each institution’s operations, concentrating on

their aims, focus of interventions, scale of operation and key challenges.

The aims of the institutions operating in the Talensi district were multi-purpose—to reduce
general vulnerability and promote specific adaptation actions. Thus, the institutions rarely
focused solely on adaptation; instead, they generally addressed broader livelihood issues to
support the communities to respond to developmental and environmental challenges. Specifically,
the institutions focused on climate resilience, environmental sustainability, climate-smart
agriculture (under drought conditions), risk assessment and planning, alternative livelihoods
(specifically for women) and agricultural productivity. The state/public institutions collectively
focused on building climate resilience by promoting sustainable land use, water management,
and climate-smart agricultural practices. The TDA, as the local government body, focused on
infrastructure provision and service delivery. The EPA emphasised environmental regulation and
monitoring. While the DoA provided technical assistance and extension/veterinary services, the
GMet delivered climate information to help farmers manage climate risks. A TDA member

stated:

Our mission is to ensure that development reaches every corner of the district. That
means prioritising climate-resilient infrastructure and policies that help our communities
adapt to the changing environment, improve their livelihoods and safeguard the future of
farming in the Talensi district.

TDA staff member

In terms of the scale of operation, all the state/public institutions were mandated to provide
support either regionally or for the entire Talensi district. For example, EPA and GMet operated
in the whole Upper East region, with the former mainly focusing on high-risk environmental
areas and the latter with weather stations in key areas. The Talensi district, however, did not have

its own weather station and depended on information from a neighbouring district’s weather
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station. As a local government body, the TDA operated in all communities in the district and the
DoA focused on agricultural communities and households across the district. The state/public
institutions reported being challenged by limited financial and logistical resources and national-
level administrative control, which affected their ability to engage with local communities and
provide comprehensive services to all communities. Other challenges reported to hinder the

effectiveness of their operations included limited transparency and accessibility of information.
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Table 14: Key details of institutions operating in the Talensi district

Institutions

Aims

Focus of interventions

Scale of operation

Key challenges

State/public

Talensi District Assembly

To provide local
governance,
development, and
service delivery to
improve livelihoods in

the district

Climate-resilient
infrastructure and local
policies that support

adaptation actions

District-wide,
covering all

communities

Faces funding and
logistical constraints
due to national-level
control, limiting reach
and engagement with

farmer groups

Environmental Protection

Agency

To protect the
environment and
promote sustainable
development by
regulating and
monitoring
environmental

activities

Sustainable land use, soil
conservation, and water
management and
environmental impacts of

climate change

Regional-wide, with a
focus on high-risk

environmental areas

Limited collaboration
with other institutions,
impacting localised

adaptation planning
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Department of

Agriculture

To improve agricultural
productivity, promote
food security, and
support farmers
through technical
assistance and
extension/veterinary

services

Climate-smart agriculture

practices, including the
use of drought-resistant
crops and improved

irrigation techniques

District-wide, with a
focus on agricultural
communities and

households

Faces issues with
transparency in
beneficiary selection
processes, impacting
community trust and

participation

Ghana Meteorological

To provide accurate

Early warning systems,

Regional-wide, with

Limited local

Agency weather and climate weather forecasts, and weather stations in engagement; weather
information to enhance climate data for improved key areas data is not always easily
planning and decision-  planning and risk accessible to farmers
making management

Market/private

Kundok Development To provide consultancy Climate risk assessments ~ Operates in selected Risk-averse due to

Consult services that promote and design of adaptation =~ communities in the market-driven funding,

sustainable
development through

climate-smart solutions

actions

district

which limits long-term
Investments in uncertain

adaptation projects

Civic/civil society
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Farmer Training Centre To build the capacity of Sustainable farming Operates in multiple Relies on community
farmers by providing techniques, agroforestry, =~ communities across donations for
training on sustainable  and improved storage the district demonstration activities,
agricultural practices systems to enhance which may limit
and livelihood resilience expansion to other areas
diversification

Women and Orphans To empower women Empowerment of Operates in multiple Demonstrating impact is

Movement and orphans through vulnerable groups (e.g., communities across resource-intensive and
livelihood training, widows), climate-resilient the district with a crucial to maintaining
support and advocacy,  farming and alternative focus on specific funding, which limits
focusing on sustainable livelihoods vulnerable groups in long-term continuity
development and social the district
inclusion

World Vision Ghana To improve child well-  Increased agricultural Operates in multiple Donor-driven priorities

being and community
resilience through
humanitarian and
development
interventions, including

climate adaptation

productivity and
community resilience to

climate shocks

communities across
the district with a
focus on specific
vulnerable groups in

the district

sometimes misalign
with local conditions,
impacting sustainability
and community
ownership of

interventions




The market/private institution, KDC, consulted with farmers on climate-smart technical solutions
(Table 14). Unlike the state/public institutions that were mandated to promote the development
of the entire district, the market/private institution selected communities based on the
institution’s strategic plan. KDC reported being limited by a risk-averse, market-driven funding
approach, which restricted its ability to engage in long-term or widespread operations, especially
in areas where financial returns were uncertain. The civic/civil society institutions primarily
focused on building community resilience through capacity-building programmes, climate-
resilient farming, livelihood diversification, and empowering vulnerable groups. Specifically, the
FTC focused on training farmers in sustainable agricultural practices, agroforestry, and improved
storage systems to enhance resilience to climate change. The WOM empowered vulnerable
groups, particularly women and orphans, by providing training in climate-resilient farming
practices and promoting alternative livelihoods. Similarly, WVG worked to improve agricultural
productivity and community resilience to climate shocks, particularly through humanitarian and

development interventions, including climate adaptation. A WOM staff member commented:

We focus on building community resilience because empowering vulnerable groups, like
women and orphans, through capacity-building programmes and livelihood
diversification is key to helping them adapt to climate change. By providing them with the
necessary skills and tools, we ensure they can sustainably support themselves and their
families in the face of environmental challenges.

WOM staff member

In common with the market/private institution, the civic/civil society institutions selected
communities based on the institutions’ strategic plans. For example, WOM and WVG assisted
specific vulnerable groups within multiple communities across the district. While the civic/civil
society institutions aimed to have a broad impact, their operations were reportedly constrained by
resource limitations and donor-driven priorities. These constraints affected the scale and
sustainability of their operations, particularly when it came to maintaining outcomes of

intervention programmes and ownership by the communities.
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6.5.2 Institutional accessibility

Participants identified 36 actions their institutions promoted within the Talensi district (Table 14).
The adaptation actions were tailored to address the district’s vulnerability to climate change and
variability, including droughts, heat waves, and flooding, which have significantly impacted
agricultural productivity and livelihoods. These actions were categorised into four types of
interventions: training and capacity building, technology transfer, input supply, and marketing
and value chain integration. Actions under training and capacity building concentrated on
training for farmers in either agricultural practices (e.g. agronomy, animal husbandry) or
business management skills (e.g. microenterprises) with lesser emphasis on the provision of
climate information and networking (e.g. farmer cooperatives and savings and loans group
establishment). Actions under technology transfer focused on supplying farmers with essential
technologies for enhancing their agricultural productivity. These technologies included the
provision of irrigation equipment, water storage and management solutions, and small-scale

farming machinery.

There was also some emphasis on post-harvest handling technologies, modern aquaculture
technologies and practices, and financial technologies. Under input supply, actions centred on
providing farmers with the necessary agricultural inputs, such as high-quality/improved seeds
and basic farming equipment. Actions such as the supply of agrochemicals, including chemical
fertilisers and pesticides, and specific inputs for animal production, including animal feed and
health products, were limited. For marketing and value chain integration, key actions focused on
promoting marketing techniques, linking farmers to ready markets, and establishing strong
connections between farmers, distributors and institutions. This intervention also included
actions to enhance the marketability of agricultural produce and small-scale enterprise or
business development activities. There was some emphasis on connecting farmers to

international markets and sustainable value chain development plans.

State/public institutions reported involvement in all types of interventions, although the level of
involvement of specific institutions varied considerably (Table 15). DoA was the key public
institution involved in all intervention types. It was involved in 37 of the 38 actions. The TDA
was particularly involved in irrigation and input supplies. While the EPA was limited to actions

on integrating trees into farming landscapes, environmentally friendly farming practices and
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water resource management, GMet focused on climate information and its use. The civic/civil
society institutions covered a similar range of actions with minor variations in emphasis, as
shown in Table 4. KDC, the market/private institution, consulted on agronomy, seed technology,

market establishment, and business development.

6.5.2.1 Capacity building

While the interviews revealed that the institutions collectively used a wide range of
implementation tools (including capacity building, network establishment, economic instruments,
real-time information, direct regulation and planning) to support adaptation actions, capacity
building was the most common method of intervention. The institutions generally agreed that
training increased farmers’ ability to adopt and implement climate-smart and sustainable

practices. A FTC staff member reported that:

By using capacity building instruments, we foster a culture of self-reliance among
smallholder farmers. We equip them with the skills and resources necessary to adapt
effectively to climate change without depending heavily on external inputs and
interventions.

FTC staff member

Institutions reported using capacity building intervention to create awareness of and community
sensitisation to climate impacts and adaptation options (refer to the first quote of Supplementary
material 1). Awareness raising was achieved through community meetings, community
information centres and radio broadcasts, extension services, farmer field visits, demonstration
farms and school and youth programmes. However, electronic communications (e.g. through
mobile phones, short message service (SMS), social media, and digital platforms) and printed

materials (e.g. posters, flyers and brochures) were used minimally or not at all.
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Table 15: Institutional adaptation actions in the Talensi district

Interventions

Adaptation actions

Implementing institutions

State/Public Market/ Civic/civil society
private
TDA DoA EPA GMet | KDC FTC WVG WOM

Training and
capacity

building

Train farmers on good agronomic practices

Train farmers on animal husbandry production

Train farmers on environmentally friendly farming

practices

Train farmers on crops and livestock value chains

Train farmers on support services

Train farmers on best practices for seed planting and

management

Train farmers on machine operation and maintenance

Provide farmers with real-time climate information
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Train farmers on life skills and microenterprise

Train farmers on business management and vocational

skills

Train farmers on microenterprise coaching and

mentoring

Train farmers on integrating trees into farming

landscapes

Form and support farmer-based organisations and

cooperatives

Facilitate the creation of savings and loans groups

Impose mandatory obligations or restrictions

Develop climate change adaptation plans

Technology

transfer

Supply farmers with equipment for irrigation

Provide water storage and management solutions

Transfer technologies for better post-harvest handling

Procure and supply small-scale farming machinery
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Transfer modern aquaculture technologies and

practices

Implement financial technologies tailored to the needs

of farmers

Input supply | Supply farmers with high-quality/improved/certified
seeds
Supply farmers with chemical fertilisers
Supply farmers with pesticides, insecticides, fungicides
and herbicides
Supply farmers with basic farming equipment/tools
Supply animal feed and health products

Marketing Promote effective marketing techniques

and value
Link farmers to ready markets

chain

integration Establish linkages between farmers and buyers

Improve the marketability of agricultural produce

Motivate farmers to use input and output markets
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Establish strong linkages among farmers, aggregators

and institutions

Undertake  small-scale  enterprise or  business

development activities

Connect farmers to international markets

Design a sustainable value chain development plan

Create tree and land-based jobs and income-generating

opportunities

Establish sustainable production of high-value dryland

products

Notes: - Institution implements adaptation action

Institution supports in implementing adaptation action

Institution neither implements nor supports adaptation action
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The institutions also used networks as implementation tools to promote communal resource
management practices such as natural regeneration, water-sharing systems, and collective
storage solutions. For example, the civic/civil society institutions facilitated the creation of
savings and loans groups to offer financial literacy activities to help farmers manage climate
risks and invest in adaptive practices (refer to the second quote of Supplementary material 1).
In addition to the institutions facilitating the creation of savings and loan groups, they also
formed and supported farmer-based organisations and cooperatives (see Table 15). Civic/civil
society institutions mostly used these implementation tools. The institutions revealed that
promoting networking significantly reduced farmers’ vulnerability to climate impacts. A FTC
staff member emphasised the role of networking in facilitating knowledge exchange, resource
access, and collaboration, all of which were crucial for helping farmers adapt to climate

change:

Networking allows farmers to connect with others and link up with markets, extension
services, and other institutions, making it easier for them to access information and
technology that supports their adaptation efforts. Farmers learn from one another
through these networks and collaborate on solutions that strengthen their ability to
adapt to changing climate conditions.

FTC staff member

The interviews also revealed that all the institutions had plans or strategies as implementation
tools for their adaptation actions. The institutions developed adaptation plans to address local
climate impacts as part of their broader goals. For instance, state/public institutions like the
TDA mainstreamed climate change adaptation into a broader District Medium Term
Development Plan (DMTDP). Similarly, civic/civil society institutions like WVG
mainstreamed climate change adaptation into its Area Programme Plans (APPs). The quote
below from a TDA staff member highlighted how institutions used planning to integrate
climate adaptation into district-wide strategies and provide tailored solutions that empowered

farmers to adapt to changing conditions:

We use planning as a critical tool to align climate adaptation efforts with the broader
district development goals. By integrating adaptation into our local plans, we ensure
smallholder farmers can access coordinated support across agriculture, water
management, and disaster preparedness.

TDA staff member
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6.5.2.2 Technology transfer

Institutions indicated that technology transfer intervention was used mainly to reduce
farmers’ vulnerability to seasonal weather extremes, increase their productivity, and reduce
post-harvest losses. These technologies were seen to empower smallholder farmers with
modern skills and promote efficient resource use to foster effective adaptation. A WVG staff

member explained:

By providing access to modern tools and infrastructure and efficient farming
practices, we help farmers adapt to the impacts of climate change and ensure
sustainable agricultural development by boosting productivity and reducing losses.

WVG staff member

While implementing financial technologies (economic instruments) such as mobile money
platforms and microloans via mobile platforms was limited to the civic/civil society
institutions, promotion of post-harvest handling technologies was limited to state/public
institutions. Additionally, there was a lesser emphasis on modern aquaculture technologies
across all institutions. In emphasising the importance of post-harvest handling technologies

and why they are less promoted in the district, a DoA staff member commented:

The cost of implementing post-harvest infrastructure makes it difficult to prioritise
these technologies at this time. While we understand the value of improving storage,
most of our efforts have to go toward helping farmers increase production and
become more resilient to climate change.

DoA staff member

In discussing the factors that collectively make aquaculture a less attractive option for
institutions in the district, TDA staff revealed that it was primarily driven by geographic and
environmental constraints, high investment costs, a lack of technical expertise, and a
preference for supporting traditional farming practices (refer to the third quote of

Supplementary material 1).

6.5.2.3 Input supply

Input supply interventions were implemented through the provision of supplies
(agrochemicals, seeds, equipment) and economic instruments (subsidies, access to credit).

Most commonly, DoA and TDA (state/public institutions) provided subsidised inputs,
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although KDC (market/private institution) and all civic/civil society institutions were
involved to a lesser extent. In emphasising the role of subsidies in reducing financial
constraints and enabling farmers to adopt climate-resilient practices, a TDA staff member

indicated:

Subsidies [for inputs] are crucial for helping farmers transition to sustainable
methods, especially in a district where climate variability severely affects crop yields.
Without financial support, most farmers would struggle to invest in the technologies
and practices needed to adapt to the changing climate. These inputs allow farmers to
maintain or increase their yields despite adverse climatic conditions, helping to
secure their food supply and income.

TDA staff member

Although the institutions recognised subsidies’ role in supporting farmers, they also
acknowledged difficulties in ensuring the equitable distribution of subsidies, which hindered
the ability to effectively support those in greatest need of assistance, as captured in the fourth
quote of Supplementary material 1. Institutions reported that intervention through subsidies
can inadvertently create dependency among farmers, and they were becoming increasingly

sceptical about their long-term effectiveness as expressed by a TDA staff member:

Subsidies provide immediate support to farmers. However, we have become cautious
about using subsidies because they often foster a culture of expectation, discouraging
farmers from investing in local, self-reliant solutions vital for long-term adaptation.

TDA staff member

6.5.2.4 Marketing and value chain integration

Marketing and value chain integration intervention was implemented by linking farmers to
markets, improving the marketability of their agricultural produce, and formulating
sustainable value chain development plans. Marketing and value chain integration was used
extensively, particularly by civic/civil society institutions, to support adaptation. The
institutions revealed that exploiting business opportunities and market development were
central to smallholder livelihoods. To reflect the strategic emphasis on implementing

marketing and value chain integration, a WVG staff member stated:

Encouraging marketing and value chain integration is vital in our adaptation

response. It connects farmers directly to broader markets, benefiting them from
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economies of scale and access to new agricultural technologies. This strategy
integrates them into a more sustainable agricultural value chain.

WVG staff member

The market/private and civic/civil society institutions (FTC and WVGQG) facilitated the design
of sustainable value chain development plans as part of their adaptation actions to ensure that
farmers integrate sustainable farming practices into profitable and resilient value chains. A

staff member from KDC mentioned:

Our goal with these plans is to strengthen the entire value chain by empowering
farmers with the skills and connections needed to market their produce. We develop
such plans to guide the practice of eco-friendly farming practices and build a more
sustainable future for our intervention communities.

KDC staff member

6.5.3 Institutional linkages

This section examines institutional responsibility for common adaptation actions (Table 15)
to indicate potential linkages among institutions. These linkages and the connections between
institutions and smallholder farmers are then further explored through interview analysis.
Typically, institutions involved in adaptation actions could be separated into those that were
responsible for implementing the actions and those supporting the actions’ implementation

(Table 14).

6.5.3.1 Institution-to-institution linkages

Some distinct patterns in institutional responsibility for interventions emerged in Table 15.
For example, within the state/public institutions, DoA led adaptation actions focused on
training farmers on various farming practices, including agronomic practices, animal
husbandry with the support of the TDA and, to a lesser extent, EPA on environmental aspects
of farming. GMet implemented training for farmers on support services and provided them
with real-time climate information with DoA support. DoA’s activities in capacity building
overlapped with the civic/civil society institutions that were also actively engaged in
implementing many aspects of agriculture-based training for farmers. However, civic/civil
society institutions implemented actions where the training emphasised community

development (such as life skills, microenterprise development, business management and
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microenterprise coaching) with DoA in a supporting role. KDC’s (market/private institution)
role was limited to the implementation of training on agronomic and environmentally-
friendly practices and it supported training on support services. The quote below from a

WVG staff member highlighted why they work with state/public institutions.

We often work with state/public institutions because they provide policy and
regulatory support and the authority we need to implement our adaptation actions.
The state/public institutions also depend on our actions to reach more farmers with
adaptation actions.

WVG staff member

For technology transfer actions, TDA played a more prominent role in implementation,
keeping with its aim of providing equipment to smallholder farmers and collaborating with
EPA through its role in water resources management (Table 14). DoA was involved in
technology transfer of irrigation equipment supply and water management solutions. Except
for post-harvest handling, DoA was the prominent support agency among state/public
institutions. The civic/civil society institutions, particularly FTC and WVG, were also
involved in implementing technology transfer actions (irrigation equipment supply and water
management solutions), which overlapped with TDA’s responsibilities. The civic/civil
society institutions were solely responsible for implementing actions related to financial

technologies. KDC (market/private institution) played no role in technology transfer.

For input supply, TDA and DoA implemented all actions on the provision of improved seeds,
chemical fertilisers, pesticides, basic farming tools, animal feed, and health products. The
three civic/civil society institutions played a role in the implementation of the supply of
improved seeds and basic farming tools. KDC (market/private) implemented actions to
provide farmers with improved seeds. The state/public institutions were not responsible for
the implementation of actions under marketing and value chain integration, but TDA and
DoA provided support for these actions. Conversely, the civic/civil society and
market/private institutions were responsible for implementing these actions, emphasising
linkages between farmers, buyers, distributors and institutions, establishing market linkages,
promoting marketing techniques, and developing sustainable value chains (refer to the fifth

quote of Supplementary material 1).
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Despite the indication of overlapping and complementary roles in many types of intervention,
the interviews suggested more complex relationships among institutions. These relationships
were mediated by policy and regulatory support, timelines and mandates, lack of genuine
integration, superficiality and differing aims or philosophies (such as market orientation). It
was revealed that when the institutions implemented similar adaptation interventions such as
training and capacity building, technology transfer and input supply, they often did so
independently without collaboration or coordination (refer to the sixth quote of
Supplementary material 1). The interviews showed that where the institutions interacted in
implementing similar adaptation actions, such interactions were frequently superficial and
cosmetic. For example, it was found that the civic/civil society institutions sometimes
consulted with the state/public institutions for regulatory compliance but did not involve them
in their planning, implementation, or evaluation. Similarly, state/public institutions invited
civic/civil society institutions to meetings or events to showcase collaboration but rarely
incorporated their input into their district-level policy or development plans. The quote below

from a TDA staff member illustrates the superficial and cosmetic nature of their interactions:

We co-ordinate with civic/civil society institutions, but it is mostly for visibility and
getting their endorsement rather than real collaboration. We consult them to fulfil our
protocols. In reality, we do our activities independently, without integrating their
advice or expertise into our interventions.

TDA staff member

It was also found that the market/private institution had limited involvement or interaction
with the state/public and civic/civil society institutions. The staff of KDC stated how their
market-oriented priorities and financial constraints affected their engagement with civic/civil

society and state/public institutions:

We face financial and operational constraints, so we focus on commercially viable
ventures and providing market-driven solutions. Collaborative community-based
interventions often involve lengthy processes and uncertain outcomes, which limits
our participation in those interactions.

KDC staff member
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6.5.3.2 Institutions-to-farmers linkages

Geographically, all the state/public institutions were present in all communities in the Talensi
district through their mandate to promote the development of the entire district. Conversely,
the market/private and civic/civil society institutions selected communities based on their
strategic plans. For example, WVG had an operational office in Tongo (the district capital)
and implemented interventions in selected communities. Also, WOM had an operational
office in Bolgatanga (the Upper East regional capital) and implemented interventions in
selected communities. Institutions such as the DoA and all the civic/civil society institutions
had decentralised structures that reached the lowest level of the farming communities. For
example, while the DoA had agricultural extension agents, WVG had project officers based
in the communities to provide ongoing support to farmers. The market/private institution
(KDC) did not have an office in the district and operated from a different region. The staff
admitted that this situation created communication barriers and reduced direct farmer

interaction. He stated:

We have had fewer opportunities for routine face-to-face interactions for farmers to
quickly and effectively communicate their needs, feedback, or issues to us. These
issues are crucial for building trust, understanding local needs, and providing
personalised support.

KDC staff member

The civic/civil society institutions had specific target groups within the communities that
aligned with their mission. This situation was illustrated by WOM targeting farmers in
households containing widows and orphans and WVG targeting farmers in households with
vulnerable children (refer to the seventh quote of Supplementary material 1). A WOM staff

member expressed:

As our name suggests, we target farm households that include widows and orphans.
Thus, our reach is limited to specific segments of our intervention communities.

WOM staff member

Conversely, the state/public and market/private institutions did not target their activities to
specific sub-groups in the communities. The state/public institutions revealed that they aim
for district-wide, inclusive development to reach as many farmers as possible, regardless of

their individual characteristics. A DoA staff member revealed:
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As a state/public institution, our mandate is to serve all farmers across the district.
We design our interventions as inclusive and broadly beneficial to reach as many
people as possible rather than focusing on specific groups.

DoA staff member

Even though the state/public institutions were mandated to promote the development of the
entire district, limitations in funding, personnel, and logistical capabilities restricted their
ability to extend their impact to reach a more significant number of farmers or cover broader
geographic areas simultaneously. Therefore, they focused on relatively small and easy-to-
reach communities or specific groups of farmers (refer to the eighth quote of Supplementary

material 1).

The market/private institution focused on interventions that maximised commercial viability
across a broad farmer base without necessarily tailoring their support to specific groups. The

KDC staff member stated:

Because we seek to maximise returns and market viability, we typically design
interventions that target general farming practices and technologies that can benefit a
wide range of farmers without necessarily tailoring our support to specific groups.
Focusing on specific groups might limit our market scope and the scalability of our
interventions.

KDC staff member

Dependence on local resources was not limited to state/public institutions but was necessary
for all institutions to operate. The interview with FTC revealed how community-donated land
was utilised for demonstration and training on sustainable agriculture practices, effective land
management and water conservation techniques, organic farming, and crop rotation. A WVG

staff member commented:

With the land donated by the Yameriga community, we have established a model
community natural regeneration site that is governed as a common property resource.
The site showcases sustainable land restoration and agricultural practice and is a
testament to what we can achieve together in addressing the impacts of climate
change.

WVG staff member
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6.5.6 Adoption and sustainability of institutional adaptation actions

The interviews revealed several factors that affect the sustainability of institutional adaptation
actions. The farmers reportedly adopted actions that were easier to practice. For instance,
staff from WVG revealed why training farmers on integrating trees into farming landscapes

through natural regeneration was an attractive and sustainable action for smallholder farmers.

Farmers prefer natural regeneration because it is simple and fits their traditional
practices well. It requires little labour and makes their farms more resilient to
changing weather patterns. Its benefits are seen quickly—the trees improve soil,
provide shade for crops, and give firewood and fodder.

WVG staff member

The interview with WVG also revealed that due to the regrowth of forested land from natural
regeneration practices, they introduced apiculture (beekeeping and honey production),
especially in areas where good bee forage trees, including shea trees, had been regenerated.
For example, WVG trained some farmers in Yameriga on beekeeping and sustainable honey
harvesting and equipped them with beehives. It was revealed that farmers adopted apiculture
due to its low cost and potential for high returns (refer to the first quote of Supplementary

material 2).

The institutions mentioned that a ready market for adaptation actions offered farmers
immediate and tangible economic benefits, motivating adoption. For example, the interview
with WOM revealed that they supported women in shea butter production, which capitalised
on the natural shea tree resources already abundant in the district. The production process
required minimal inputs and could be scaled up to meet market demands (refer to the second

quote of Supplementary material 2).

The institutions providing farmers with the necessary skills, knowledge, and technical
support to implement adaptation actions were identified as crucial to their sustainability.
Effective knowledge transfer reportedly helped build farmers’ confidence and self-reliance,
reducing dependency on external support and ensuring that adaptation actions continued after
institutions exit. For example, the interviews with WVG revealed that the savings and loans
groups they formed among farmers, especially women in Yameriga, remained functional

even though direct support had stopped (refer to the third quote of Supplementary material 2).
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Conversely, it was found that adaptation actions that failed to build the capacity of
community leaders or groups to take over upon the institutions’ exit or undermined farmers’
agency often resulted in limited long-term success and dis-adoption. For example, it was
found that irrigation schemes such as dams in Yameriga and Awaredone and a solar-powered
mechanised borehole in Awaredone were currently not optimally functioning, and the

communities were unable to repair them without support. An EPA staff member admitted:

Managing a new irrigation system centrally and not empowering community leaders
to oversee and maintain the system is suicidal. When the institutions exit, the
irrigation system may fall into disrepair and [become] abandoned. Currently, the
communities cannot coordinate or troubleshoot issues on their own.

EPA staff member

6.5.7 Operational challenges of institutions
6.5.7.1 Donor priority

The civic/civil society institutions indicated that most actions were based on donor priorities
and often not aligned with local conditions. The institutions noted that some donor actions
were ‘projectized, phased, or piloted’. They characterised such actions as problematic
because their lessons and successes were rarely scaled up after funding ceases, especially if
the projects ended before their intended completion dates. In explaining the impact of donor
priorities versus local conditions on their climate change adaptation, a WOM staff member

stated:

Our actions often have to align with the interests, priorities and reporting
requirements of our donors, which do not always match the actual needs of farmers.
This misalignment challenges our actions’ long-term sustainability as they often do
not fully apply to our communities’ unique environmental and cultural contexts.

WOM staff member

6.5.7.2 Market orientation

The market/private institution was challenged by its profit-driven focus, high costs, risk
aversion, and limited collaboration with other institutions. In highlighting how the market
orientation of this institution presented challenges in effectively supporting smallholder

farmers, a KDC staff member narrated:
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As a market/private institution, we focus on market-driven solutions that deliver
immediate returns. Adaptation actions often require long-term investment, which can
be risky. This situation creates a challenge in aligning our business goals with
farmers’ adaptation needs.

KDC staff member

6.5.7.3 Resources

Resource limitations in funding, personnel, and logistics significantly challenged all
institutions, particularly state/public institutions. For example, a staff member from the DoA

advised:

Capacity building is not a one-time event. It requires ongoing support, monitoring,
and follow-up to ensure that farmers can effectively implement what they have
learned. However, we often lack the resources to support farmers after the initial
training, especially in hard-to-reach communities.

DoA staff member

Some institutions reported that others provide transportation, travelling allowances, and
meals to farmers when they attend their meetings, workshops, training sessions, or other
related events, even in their resident communities. Such practices were described as counter-
productive as not all institutions could provide the same, and farmers mostly boycotted their
activities. These allegations were mainly raised against civic/civil society institutions (refer to

the first quote of Supplementary material 3).

Information-based implementation tools, such as providing farmers with real-time climate
information and training them on support services, were relatively uncommon among the
institutional interventions (Table 15). They were used by the state/public institutions, mainly
GMet and DoA. This situation was described as worrisome in a semi-arid area where such
tools are necessary to enable farmers to make informed decisions to reduce the risks
associated with unpredictable weather patterns. A GMet staff member commented on the lack

of popularity of information-based tools among institutions in the district:

Information-based tools, such as real-time weather data and early warning systems,
are not widespread among institutions. Many lack the technical capacity to integrate

them into their adaptation interventions effectively. Additionally, there is a disconnect
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between the information we provide and how it is communicated to farmers in an
easily understood and applicable way.

GMet staff member
6.5.7.4 Policy support

As with information-based tools, direct regulation in the form of law or policy mandating or
restricting actions was an uncommon intervention among the institutions. Where regulations
covering aspects of adaptation exist, for example, the regulation of land use and forest
conservation by state/public institutions, they were generally not enforced. The staff of the
EPA highlighted the difficulties in enforcing regulations due to the informal nature of
farming and the need for better communication and education to gain farmers’ acceptance of

regulatory policies.

Using direct regulations to promote adaptation among farmers is challenging
because many smallholder farmers operate informally, making it difficult to enforce
rules uniformly. Enforcing these regulations without sufficient education and
incentives can lead to pushback, as many farmers perceive them as restrictive rather

than supportive of their adaptation needs.

EPA staff member
6.5.7.5 Planning

The interviews with the state/public institutions revealed that while civic/civil society
institutions introduced useful adaptation actions, their work rarely aligned with the broader
DMTDP, and the state/public institutions had little say in their implementation. Under current
local development planning processes, all market/private and civic/civil society institutions
are expected to integrate their adaptation plans into the DMTDP. This practice was, however,
generally not adhered to. The lack of a binding formal mechanism for collaboration,
synchronised planning, and shared objectives was revealed to hinder integration. A TDA staff
member highlighted the procedural and systemic differences that impeded the effective
integration of adaptation plans into a broader planning framework despite the potential

benefits of such collaboration (refer to the second quote of Supplementary material 3).

Across all institutions, it was found that farmers played only a limited role in institutional

adaptation planning. The institutions developed adaptation plans at the district level and these
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rarely aligned with community adaptation needs. In emphasising the limited involvement of

farmers in institutional adaptation planning, a KDC staff member stated:

The limited involvement of farmers in planning climate adaptation interventions leads
to a mismatch between interventions and local needs, reduced ownership and buy-in,
inflexible strategies, resistance to adoption, and increased dependency on external
support. This situation ultimately compromises the implementation and sustainability

of our efforts.
KDC staff member

6.5.7.6 Transparency

The institutions identified challenges for adaptation interventions in political interference and
elite capture, particularly in state/public institutions. The institutions operated in an
environment of high suspicion, secrecy, and a lack of transparency. Some institutions
disclosed that they are aware of other institutions being confronted by communities because
their beneficiary selection processes were perceived to be influenced by nepotism and
favouritism and failed to benefit the truly needy farmers. Additionally, due to widespread
allegations, farmers reportedly regarded some institutions with suspicion and disrespect (refer

to the third quote of Supplementary material 3).
6.5.7.7 Group formation

The institutions mentioned that some farmers are unwilling to join groups and participate in
their activities. For example, the civic/civil society institutions indicated that forming and
working through groups was necessary to maximise the efficiency of their actions. A WOM
staff member highlighted the difficulties they face in promoting effective adaptation

strategies when farmers are unwilling to form or join groups.

Our interventions are designed to work best with farmer groups. However, many are
reluctant to join due to complaints of distrust, fear of unequal benefits, a desire for
independence, and past negative experiences. This unwillingness limits our ability to

provide training, distribute resources efficiently, and implement collective actions.

WOM staff member
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6.6. Discussion

In the Talensi district, all three types of formal institutions (state/public, private/market, and
civic/civil society) operated multifariously to support smallholder farmers in their adaptation
efforts. However, to understand the role and influence of these institutions in climate change
adaptation, three dimensions of their operations require consideration: scale, scope and

sustainability.

6.6.1 Scale

At district-scale, Talensi district attracted considerable institutional presence, which may be
in response to its relatively high vulnerability to climate change (Abunyewah et al., 2024).
Foremost among the types of institutions were the state/public institutions through their
mandate to promote the development of the entire district (TDA, 2022). They implemented
government policies and programmes to reach as many farmers as possible, and their
interventions were broadly applicable at a wide scale (He et al., 2022). Because state/public
institutions operate with public resources, they are often required to demonstrate that their
interventions benefit entire communities and seek to avoid the perception of favouritism or
exclusion (Rahman, 2021). He et al. (2022) found that in China, state/public institutions
collectively focused on building climate resilience by promoting sustainable land use, water
management, and climate-smart agricultural practices regionally or for the entire district, as

was the case in Talensi.

The civic/civil society institutions in the Talensi district also operated across the district.
However, these institutions tended to intervene in selected communities (e.g. WVGQG) or with
specific social groups (e.g. WOM and women) guided by their strategic plans. Civic/civil
society institutions primarily focused on building community resilience through capacity-
building interventions, climate-resilient farming, livelihood diversification, and empowering
vulnerable groups. Community-centric and grassroots approaches are commonly used by
civic/civil society institutions (e.g., Tahiru et al., 2019; Rahman, 2021) due to their ability to
engage closely with local needs, ensuring that the chosen interventions are relevant and

impactful to the specified user group (in this instance vulnerable smallholder farmers).

Although not highly active, one market/private institution consulted with farmers on climate-
smart technical solutions in selected communities based on its strategic plan and potential for

commercial returns. This situation is not uncommon as market/private institutions rely
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heavily on market-driven funding mechanisms (Mendelsohn, 2006; Crick et al., 2018)
ensuring they are risk-averse when investing in adaptation interventions involving
uncertainties. The agriculturally risky Talensi district is placed at a relative disadvantage in
attracting support from commercial entities because climate variability can dramatically

affect agricultural outcomes (TDA, 2022; Abunyewah et al., 2024).

Spatial heterogeneity is a major feature of agricultural production systems that is critical in
analysing adaptation (Antle et al., 2004; Liu & Masago, 2023). At community-level in the
Talensi district, institutional presence was spatially ‘patchy’. The reach and types of
interventions available varied considerably across communities and groups. This spatial
heterogeneity in institutional operations meant that not all farmers had access to the full range
of support options for climate adaptation. Even though the state/public institutions were
mandated to promote the development of the entire district, limitations in funding, personnel,
and logistical capabilities restricted their ability to extend their impact to reach a more
significant number of farmers or cover broader geographic areas simultaneously. Therefore,
they focused on relatively small and easy-to-reach communities with some communities and

farmers likely to be unable to access support.

The civic/civil society institutions targeted groups that aligned with their mission. Driven by
specific development goals, such as empowering vulnerable groups, promoting gender
equality, and supporting marginalised communities, they worked closely with local
communities to identify the most vulnerable populations, such as women, widows, and
vulnerable children, including orphans, to tailor their interventions to address their unique
needs and challenges directly (Tahiru et al., 2019; Rahman, 2021). However, the community-
centric and grassroots approaches of civic/civil society institutions are not without challenges
and their decision-making sometimes excludes parts of a region or community (Rahman,
2021). For example, according to Bebbington (2004), there are concerns about the uneven
presence and activity of civic/civil society institutions across different spaces and scales—
countries, regions, districts, communities and households leading to an uneven distribution of
resources, knowledge, ideas, power, and values often dictated by donor interest and priority
(Bebbington, 2004; Rahman, 2021). Similarly, the civic/civil society institutions’ interest-
based selection of their beneficiaries has been criticised as biased, undermining the potential
impact of adaptation interventions and their ability to meet long-term transformative goals

(Bebbington, 2004; Banks et al., 2015; Rahman, 2021).
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Not surprisingly, the commercial imperatives of the market/private institution ensured its
presence was limited in the Talensi district to interventions that maximised returns and
commercial viability, such as general farming practices and technologies across a broad
farmer base without tailoring its support to specific groups (Mendelsohn, 2006; Crick et al.,
2018). It often focused on areas with the potential for quick returns to seek a broad market
appeal to justify its investments and achieve profitability. These practices limited its
involvement with vulnerable smallholder farmers as focusing these groups specifically might

limit their market scope and the scalability of their interventions.

6.6.2 Scope

For smallholder farmers, institutions help define a framework where farmers can choose
adaptation actions, with their responses to climate impacts shaped through interventions that
build their adaptive capacity (Yomo et al., 2020; Musah-Surugu et al., 2019). Institutions
operating in the Talensi district provided a variety of adaptation actions to support farmers in
pursuing their adaptation objectives (cf. Table 15). These institutions intervened to address
climate resilience, environmental sustainability, climate-smart agriculture (under drought
conditions), risk assessment and planning, alternative livelihoods (specifically for women)
and agricultural productivity. They sought to achieve improvements through a range of
methods, including training and capacity building, technology transfer, input supply and
marketing and value chain integration, which formed part of a matrix of support offered to

assist farmers in everyday challenges and deal with climatic shocks (Yomo et al., 2020).

Within this available matrix of support, institutions in Talensi district played a multi-purpose
role by implementing specific adaptation actions to reduce place-based climate change
vulnerability and by supporting improvement in developmental and environmental challenges
related to broader livelihood issues that went beyond impacts on agricultural production alone
(Forkuor & Korah, 2023) (see Tables 14 and 15). The adaptation interventions offered by
institutions in Talensi district align with Smith & Lenhart’s (1996) specific options for water
resources, forests, ecosystems and agriculture to reduce climate risks, and with the need for
local empowerment, direct climate service provision, and climate advocacy to enhance
adaptive capacities for community development (Musah-Surugu et al., 2019; Patnaik & Das,

2017).

Typically, civic/civil society institutions, although limited in scale to targeted communities,

led interventions on community development, which included life skills, microenterprise
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development, business management and microenterprise coaching, and reflected their more
holistic approach to vulnerability reduction. Tahiru et al., (2019) and Haque et al. (2024), in
working with farmers and communities in the Sahel Savannah of Ghana and the Coastal zone
of Bangladesh respectively, recognised the commitment of resources by civic/civil society
institutions to both on-farm (farming practices) and off-farm (support for livelihoods)
adaptation interventions which can enhance the well-being and stability of smallholder
farmers, and enable them to navigate developmental challenges and climate-related risks

effectively (Forkuor & Korah, 2023; UNFCCC, 2024).

Béné et al. (2018) identified the need to align largely separate communities of practice related
to social protection, disaster risk reduction and climate change adaptation to more effectively
address chronic poverty, disasters and extreme events or long-term changes in climate
conditions and their distribution over time and space respectively. They described the
humanitarian-development continuum to improve resilience as a framework of response from
coping through incremental adjustment to transformational responses, with the latter
requiring interventions to address the long-term structural causes of vulnerability. Although
the institutions in the Talensi district contributed to reducing vulnerability and enhancing the
adaptive capacity of communities and farmers through their interventions, their current
adaptation efforts were largely incremental adjustments relying on modifications to existing
systems rather than aimed at achieving systemic transformation. Chowdhooree et al. (2020)
and Rahman (2021) concluded that institutional actions, particularly those of civic/civil
society institutions, are frequently small in scale, ineffective and unsustainable in providing

the broad-scale benefits needed to foster transformation (Kates et al., 2012).

6.6.3 Sustainability

Although institutions contribute to minimising vulnerability and enhancing the adaptive
capacity of communities and farmers through their interventions, they are confronted with
several sustainability issues (Forkuor & Korah, 2023; Kabonga, 2023). Most often, among
state/public institutions, already existing development interventions are rebranded as
adaptation interventions and new adaptation interventions may be co-opted to support
existing development agendas. These two processes dovetail into a form of ‘retrofitting’ and
hinder addressing the root causes of vulnerability (Eriksen et al., 2021, p. 8). Here, funds
meant for adaptation frequently support existing rebranded development initiatives because

they address livelihoods or climate-sensitive sectors of the economy. In the Talensi district,
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this situation was attributed mostly to state/public institutions not appropriately
mainstreaming climate change adaptation into comprehensive planning processes (such as the
DMTDP) and the procedural and systemic differences that impede the effective integration of
civic/civil society and market/private institutions’ adaptation plans into a broader planning
framework in the district. Schipper et al. (2020) advised that where this situation occurs,
adaptation interventions may not be designed with vulnerability reduction as a top priority;
rather, climate change adaptation becomes a lower priority that can be overshadowed by

other developmental or environmental objectives.

Mikulewicz (2020) stated that although often required, community-level participation in
planning adaptation actions is frequently problematic as participating local farmers have
limited agency within the process of framing and defining adaptation responses. More
critically, though institutional interventions are to be planned for the most vulnerable
individuals and households (Forkuor and Korah, 2023), they are the least involved in
institutional responses and may not significantly benefit from interventions—especially in the
global south (Petzold et al., 2023; Patnaik & Das, 2017). In such situations, some institutional
interventions undermine farmers’ agency by insisting on actions contrary to what farmers are
comfortable with. According to Quarshie et al. (2023), such actions are often rejected by
farmers, who cite incompatibility with existing farming systems, undermining their local
adaptation actions and eroding their agency to manage production challenges. As identified
by Forkuor & Korah (2023) and Alie et al. (2024), in this study, factors such as top-down
planning, lack of participation platforms, market orientation and power dynamics limited the

involvement of farmers in institutional adaptation planning.

While most studies concentrate on differences between adopters and non-adopters of
agricultural technologies, dis-adoption or the reasons why smallholder farmers choose to stop
using products or cease certain behaviours is less well understood (Wangithi et al., 2021).
Chinseu et al. (2019) found that unfavourable experiences of farmers owing to a range of
issues, including national policies, institutional arrangements, attributes of the technology and
socio-cultural aspects, may all lead to dis-adoption. In Talensi, a lack of long-term success
and dis-adoption was attributed primarily to a failure of institutions to build the capacity of
community leaders or groups to continue adaptation actions after their exit. In such situations,
when the external support for guidance, management and resources end, the actions typically
collapse due to the absence of local ownership, leadership, knowledge, skills, and resources

necessary to sustain them (e.g. Fitzpatrick, 2022). Institutions have expressed concern about

196



the dependency of smallholder farmers and communities on their on-going support for
adaptation actions, especially when farmers’ expectations of support are unmet
(Chowdhooree et al., 2020). For example, in the Talensi district, the institutions noted that
subsidies created a dependency cycle, discouraged local input systems, fostered a culture of

expectation, and inhibited long-term, self-reliant adaptive behaviour.

In areas with multiple institutions, such as the Talensi district, their impact on adaptation
varies significantly based on how connected they are, their coordination in response to
climate hazards, and their articulation with external institutions and resources (Agrawal,
2008; Eriksen et al., 2021). Azhoni & Goyal (2018, p.474) described a lack of proper
coordination and interaction among institutions as a ‘lacuna’ in effective adaptation framing.
Institutional interactions may be limited by regulatory controls, bureaucratic rules and
procedures, competing planning agendas and leadership, ambiguous mandates, competing
priorities, and a lack of public support (Chenani et al., 2021). In the Talensi district, despite
the appearance of limited overlap in operations, there was a lack of coordination,
collaboration and partnership among the various institutions. Where cross-linkages of
platforms and actions existed, it was generally between civic/civil society and state/public
institutions, with the market/private institution having limited involvement or interaction with

the other institutions due to their market-oriented priorities and financial constraints.

Institutional interactions in Ghana have been described as ‘superficial, cosmetic and nothing
beyond tokenistic’ (Musah-Surugu et al., 2019, p. 321; Bawole & Hossain, 2015, p. 2071).
The superficial and cosmetic nature of interactions among institutions in the Talensi district
masks a lack of substantive, strategic alignment in their adaptation interventions, highlighting
a gap in the district’s overall approach to climate adaptation. This situation can result in
fragmentation, lack of cross-linkages and learning among institutions, inefficiencies, limited
resource sharing, and duplication of interventions (Tahiru et al., 2019). In the Talensi district,
all institutions reported that limited resources heavily constrained their activities. Ultimately,
a lack of alignment can result in the implementation of conflicting interventions that dilute
the institutional impact and confuse farmers about the best actions to adopt (Quarshie et al.,
2023; Tahiru et al., 2019). In addition, a lack of cross-linkages among institutions can result
in institutions not knowing about each other’s operations, challenging the importance of

continuity and sustainability of interventions (Forkuor & Korah, 2023; Tahiru et al., 2019).
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For institutional interactions to move beyond cosmetic to more sustainable and community-
driven outcomes, there must be a shift toward genuine collaborative and integrative
approaches in climate adaptation efforts, shared resource allocation, and a coordinated
approach to addressing smallholder farmers’ complex climate adaptation needs (Azhoni &
Goyal, 2018; Eriksen et al., 2021). Institutions must be interconnected in adaptation planning
and implementation to build a cohesive plan that aligns with local needs, is embraced by
communities, and maximises resource use to effectively reduce farmers’ vulnerability against

climate shocks.

The range of challenges to the sustainability of interventions identified by institutions in the
Talensi district highlight the multi-scale nature of adaptation influencing farmers’ adaptation
decisions, which operate not in isolation but rather in combinations with other factors and
may inadvertently drive maladaptive outcomes that reinforce, redistribute or create new
sources of vulnerability (Eriksen et al., 2021). Rahman (2021) found adaptation actions
unsustainable where planning and implementation were improper or inadequate, with
excessive focus on short-term targets and an inability to assess consequences prevailed. To
properly respond to climate challenges, institutions must make bolder decisions and more
significant changes that are harder and more audacious to promote system transformation
(Kates et al., 2012; World Bank, 2024). Additionally, mainstreaming adaptation into
development plans provides a potential way to enhance the adoption of adaptation actions
(Eriksen et al., 2021). World Bank (2024) asserts that protecting communities from high
climate risks requires the need to effectively mainstream adaptation and resilience into
economic and development policies. It is critical to ensure that beneficiary selection is need-
based to ensure adaptation is equitable (Rahman, 2021) so that vulnerable resource-
constrained farmers—disproportionately affected by climate change—are at the centre stage
in adaptation to promote equity, consistency, efficiency, and reduced vulnerability (Forkuor

& Korah, 2023; Pauw et al., 2022).

While institutional interventions play an essential role in supporting smallholder farmers to
adapt to climate change, the sustainability of these interventions remains a critical
challenge—and one with direct implications for farmers’ agency. Lindegaard & Sen (2022, p.
1) describe this situation as interrupted agency—‘externally driven formal interventions
interrupt existing adaptation strategies—and agency—of local actors, potentially leading to
maladaptation”. Interrupted agency highlights how targeted formal adaptation interventions

can disrupt individuals’ everyday adaptation actions. Importantly, these actions that constitute
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daily adaptive behaviours are not permanently stopped but are instead rearranged in ways that
may lead to maladaptive outcomes (Rahman & Hickey, 2019; Eriksen et al., 2021,
Lindegaard & Sen, 2022). When support from institutions is short-lived, fragmented, or
misaligned with local realities, it can create cycles of dependency rather than empowerment
to produce maladaptive outcomes, thereby increasing farmers’ vulnerability to multiple

livelihood stressors (Eriksen et al., 2021; Quarshie et al., 2023).

For example, farmers who begin to adopt certain climate-smart practices often do so based on
the assumption that inputs, training, or market access will remain consistent. However, when
donor priorities shift, funding ends, or coordination among institutions breaks down, these
interventions become unsustainable. This situation interrupts the continuity of farmers’
adaptation efforts and undermines their confidence in decision-making (Rahman & Hickey,
2019; Lindegaard & Sen, 2022). In such cases, farmers are forced to abandon or scale back
strategies they had begun to integrate, not because they were ineffective, but because the
support systems collapsed (Funder & Mweemba, 2019). This unpredictability constrains
farmers’ ability to plan long-term, experiment with new techniques, or fully take ownership
of the adaptation process. In effect, it interrupts their agency—Ilimiting their power to act
autonomously and make informed choices in response to climate variability. Therefore,
ensuring the sustainability of institutional interventions is not only a matter of programme
effectiveness but a prerequisite for safeguarding the adaptive agency of smallholder farmers

over time.
6.7 Conclusion, policy and practical implications

This study investigated the role institutions play in smallholder farmers’ climate adaptation in
the Talensi district of Ghana. To understand the role and influence of these institutions in
climate change adaptation, three dimensions of their operations—scale, scope and
sustainability were considered. The institutions played a multi-purpose role in addressing
general adaptation to reduce vulnerability and specific adaptation to address the contextual
effects of climate change. Thus, the institutions focused on the context of adaptation and
generally addressed broader livelihood issues to support the communities to respond to

developmental and environmental challenges.

The promotion of a range of adaptation interventions—training and capacity building,
technology transfer, input supply and marketing and value chain integration—by various

institutions in the Talensi district highlights the need for a coordinated and strategic approach
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to enhance the effectiveness and sustainability of their adaptation actions. Such synergy can
help build a robust and united front to tackle the complex challenges a changing climate
poses to smallholder farmers and support sustainable agricultural development. In
implementing their adaptation actions, the institutions were also confronted with several
sustainability challenges—including donor priority, market orientation, resources, policy
support, planning, transparency and group formation—that negatively impacted their ability
to reduce vulnerability and build the adaptive capacity of farmers. Addressing institutional
challenges in implementing adaptation interventions can create a more robust agricultural
sector capable of adapting to climate change, ultimately improving the livelihoods and well-

being of smallholder farmers and their communities.

To enhance smallholder farmers’ adaptation decisions, it is recommended that all types of
institutions—state/public, private/market, and civic/civil society—collaborate closely by
aligning their efforts and sharing resources. The current study concentrated on formal
institutions directly involved in promoting adaptation by smallholder farming communities.
Clear communication and collaboration across institutions implementing similar adaptation
actions can create a cohesive and comprehensive support system that ensures adaptation
actions are well-coordinated, locally relevant, and sustainable. Most importantly, the design
and implementation of actions must involve communities and farmers, especially the most
vulnerable, to engender a sense of ownership and sustainability to achieve long-term
adaptation needs. More equitable and sustained vulnerability reduction may be achievable if
adaptation actions prioritise collaboration, experimentation and deeper learning among
adaptation actors over delivering measurable material outputs under ‘development as usual’
standards (Eriksen et al., 2021, p.12). Shifting the terms of engagement between adaptation
institutions and local farmers participating in adaptation interventions, especially the most
vulnerable, is critical to have a deeper understanding of contextual vulnerability and engage

with the definition of success for adaptation.

One potential limitation of this study is its exclusive focus on formal institutions, which may
overlook the significant contributions and dynamics of informal institutions in the adaptation
process (e.g. Abass et al., 2018; Haque et al., 2024). Future studies should integrate the roles
of both formal and informal institutions to understand the diverse actors involved in climate
change adaptation comprehensively. Incorporating informal institutions will offer a more
nuanced and comprehensive understanding of the grassroots mechanisms and local

knowledge systems that support smallholder farmers’ adaptation decisions.
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Chapter Seven

General discussion
7.1 Introduction

In this chapter, I summarize and integrate my research findings, explaining how each
research question was addressed by referring to the empirical findings of the individual
chapters. 1 provide my perspectives on the key outcomes of each chapter, leading to the
overall conclusion of my thesis. This summary and integration serve to triangulate the
discussion of my empirical findings, which focus on climate change adaptation,
intersectionality, and institutional support for smallholder farmers in the Guinea Savannah

agro-ecological zone of Ghana.

I gathered empirical evidence through a mixed-methods approach in the Talensi district of the
Guinea Savannah agro-ecological zone of Ghana (see Chapter 3). Here, I document the
contributions of the thesis to existing knowledge in three key areas of adaptation to climate

change among small holder farmers:

1. Factors influencing climate change adaptation by smallholder farmers (see Chapter 4).

2. The role of intersectionality in shaping the adaptive capacity of smallholder farmers
(see Chapter 5).

3. The role of institutions in enhancing climate change adaptation by smallholder

farmers (see Chapter 6).

Chapter 4 examined how perception, livelihood capitals, and institutional interventions—both
individually and in combination—influence smallholder farmers’ adoption of a range of
common adaptation actions to reduce their vulnerability to climate change. I also assessed the
complementarity of multiple adaptation actions adopted by smallholder farmers. Furthermore,
I discussed the rationale behind farmers’ adoption practices, drawing on their lived
experiences and unique contextual realities. In Chapter 5 (published as Opoku Mensah et al.,
2025), I assessed how smallholder farmers’ stocks of capital, along with other socio-
demographic characteristics, intersect to either support or constrain their climate adaptation
efforts. I also explored smallholder farmers’ narratives of their lived experiences, providing
deeper insights into the role of social categories and their intersections in shaping adaptation

behaviours. Chapter 6 investigated various institutional-led adaptation interventions and their
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outcomes for smallholder farmers, as well as the challenges that hinder the effective

implementation of institutional adaptation measures.

In the following section, I provide a structured framework to integrate key insights from the

empirical chapters, considering their implications for policy and practice.

7.2 Factors influencing climate change adaptation

While recognising the difficulty of capturing the full complexity of adoption decisions and
limited consideration of technological and structural drivers (Rodriguez-Barillas et al. 2024;

Ricart et al. 2025), Chapter 4 addressed research question 1 and three sub-questions:

Research Question 1: Which factors influence climate change adaptation by smallholder

farmers?

Sub-research questions:

1. How do perception, livelihood capitals and institutional intervention, individually and
in combination, influence smallholder farmers’ adoption of a range of common
adaptation actions to reduce their vulnerability to climate change?

ii.  Is smallholder farmers’ adoption of multiple adaptation actions complementary?
iii.  What rationale—based on smallholder farmers’ lived experiences of unique contexts

and experiences—explains smallholder farmers’ practice adoption?

Climate change encompassed climate variability, extreme weather events, and long-term
temperature shifts. Here, I utilised primary data from 130 smallholder farmers and six focus
groups to analyse the factors influencing their adoption of climate change actions to reduce
the impacts of climate change and variability on their agricultural production and productivity.
I adopted a combination of quantitative stepwise regression modelling and qualitative
thematic and narrative analysis of discussions with farmers to identify the statistical
associations between model variables and the adoption of climate change actions and explain

the smallholder farmers’ adaptation behaviours.

I found that smallholder farmers in the Talensi district were experiencing climate change and
its impacts. The smallholder farmers were highly vulnerable to environmental threats and
uncertainties, including drought, storms, heat waves, and flooding. These events were the

district’s most typical extreme climate events. I also found that farmers were experiencing
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late onset, early cessation, and intense and short rainy seasons, which have been more
frequent over the past ten years and caused significant impacts on farmers’ agricultural
production. I identified that the most commonly experienced climate impacts were crop
failure, yield losses, decreased livestock productivity, unavailability of pasture and water

scarcity.

Exposure to these impacts reduced agricultural production and threatened livelihoods, driving
farmers in the Talensi district to seek innovative practices (see IPCC, 2023; Hanly &
McDowell, 2025) to reduce their vulnerability. I identified a range of climate change actions
such as changes in farming practices, the existence of complementary adoption of multiple
actions and the rationales explaining practice adoption. My findings revealed that all farmers
adopted one or more climate change actions, which included (from most to least common,
Figure 3 in Chapter 4) planting improved crop cultivars, livelihood diversification,
application of agrochemicals, practising agroforestry, planting calendar adjustments, and
raising additional livestock. The findings also showed that, in keeping with previous studies
(e.g. Gudina & Alemu, 2024), farmers’ climate change actions were not mutually exclusive;
they generally adopted multiple actions, providing evidence of complementarity among
practices—12 of 15 pairwise correlation coefficients were positive and significant at P=0.01,

indicating complementarity of adoption—(Figure 3 in Chapter 4).

The farmers’ choices of climate change actions were also consistent with those identified
under Climate-Smart Agriculture (CSA)—an overarching approach to marrying adaptation
and mitigation strategies with food production (FAO, 2017; Kabato et al., 2025). I found that
the climate change actions identified by farmers addressed at least two pillars of CSA, i.e.,
adaptation and increasing productivity. For example, adopting improved crop cultivars was
associated with drought resistance, improved yields, and pest and disease resistance
(Cishahayo et al., 2023). Senyolo et al. (2018) also found that while adopting improved crop
cultivars was not expected to have a direct mitigating effect on drought, it does allow for
harvesting even in adverse conditions and supports farmers in dealing with dry spells and

adapting to rain shortfall.

I also identified the farmers’ reasons for their complementarity in practice adoption. For
example, the adoption of improved crop cultivars was most often accompanied by the
application of agrochemicals and adjusting planting calendars to optimise the potential

benefits of these high-yield varieties. It was also often accompanied by raising additional
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livestock to diversify agricultural and livelihood practices to manage risks and promote
diversified and sustainable farming systems. Farmers also adjusted their planting calendar to
align crop sowing times with expected weather patterns, mitigating risks from unpredictable
climate variations to enhance growth conditions and productivity (Asante et al., 2024).
Additionally, the farmers often raised more livestock to diversify their agricultural practices,
which helped them manage risks and enhance soil fertility through natural manures, thereby
supporting their crop cultivation (Geda et al., 2024). With insights into the adaptation
practices of smallholder farmers, understanding local adaptation contexts can ultimately
inform farmer-led adaptation policies to empower smallholder farmers to adapt more
effectively through the promotion of ‘packages’ of complementary technologies (Alvarez

Carrillo et al. 2022, p. 378).

I also employed a stepwise logistic regression model to analyse the factors influencing
farmers’ adoption of climate change actions. I found that based on the value of the model
coefficients, some climate change actions were influenced by a large number of complex
interacting variables (e.g., planting improved crop cultivars) and others were less so (e.g.,
raising additional livestock). These variables were informed by the smallholder farmers’
climate perceptions of precipitation, temperature and extreme events (Grothmann & Patt,
2005; Chimi et al., 2022; Azine et al., 2025), livelihood capitals—human, social, natural,
physical and financial—(Ellis, 2000; Tong et al. 2024; Nath & Arrawatia, 2025), and
institutional interventions—training and capacity building, technology transfer, input supply
and marketing and value chain integration—(Agrawal 2010; Witinok-Huber et al., 2025; Puig

et al., 2025) that significantly influenced their adoption of climate change actions.

In keeping with the contemporary understanding of farmers’ adoption of agricultural
innovations (Llewelyn & Brown, 2020), I found that in addition to how, in practice, the
adoption of climate change actions was influenced variously by perception, livelihood
capitals and institutional interventions, several distinctive characteristics of smallholder
agriculture affected agricultural adoption and had relevance for climate change adaptation
actions (Llewellyn & Brown, 2020; Matos, 2025). For example, the attributes of practices—
relative advantage, complexity, compatibility, trialability and observability—influenced the
extent of adoption (Rogers, 2003; Zhang et al., 2023; Matos, 2025). In particular, I found the
compatibility of climate change actions with existing farming practices played a crucial role

in their adoption.
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Actions that seamlessly integrated into farmers’ daily lives and routines without demanding
significant changes to traditional methods (e.g., Farmer Managed Natural Regeneration
[FMNR] as part of adopting agroforestry) were accepted and sustained (Opoku Mensah et al.,
2024; Yiridomoh et al., 2025). Typically, farmers promoted FMNR through pruning,
mulching and protection of natural regeneration of vegetation. Since planting trees was not
required, FMNR was comparatively cheap and accessible, with a higher tree survival rate
because species regenerated naturally and were locally adapted (Rinaudo et al., 2021). Such
alignment with local norms and practices reduced resistance, as farmers were more
comfortable with and confident in actions that reflected their established ways of farming and

living (Fu & Huang, 2024; Suuk et al., 2025).

I argued that these findings are relevant for shaping policies that address the emotional,
cognitive, livelihood, and institutional factors and the attributes of the practices that influence
the adoption of climate change actions in the Talensi district. Agricultural policymakers,
development practitioners, and decision-makers at different institutional levels must intensify
their efforts to promote context-specific and targeted climate change actions through policy
interventions that effectively transform agricultural systems to enhance sustainable
agricultural productivity. It is critical to ensure that efforts to promote the adoption of climate
change actions enhance farmers’ awareness and understanding of climate risks and
opportunities. These efforts should include providing smallholder farmers with timely,
accessible and comprehensible climate-related information while appreciating their available
livelihood capitals and institutional support—to reduce their vulnerability—as well as the
potential benefits of adopting various climate change actions in a holistic and integrated

approach.

Again, because the farmers’ choices of climate change actions were not mutually exclusive,
but they generally adopted multiple actions, these cross-correlations among climate change
actions have significant policy implications. Specifically, a policy change affecting one
action might have spillover effects on the adoption of other actions (Gudina & Alemu, 2024).
Understanding these interactions is key to developing appropriate packages of climate change
actions tailored to specific areas to intensify adoption and minimise climate risks to
agricultural productivity. Also, I argued that insights from this research provide a starting
point and a solid foundation for further research to inform rural development policies that
identify and promote climate change actions to enhance the sustainability of smallholder

farming in semi-arid regions.
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In the following section, I discuss how the smallholder farmers’ adoption of their adaptation
actions is influenced by the characteristics of the farmers in Talensi district (intersectionality)
and how their adaptation decisions are shaped by social inequalities. This section is important
because adaptation is not uniform but varies based on social identities. Intersectionality,
therefore, determines access to adaptation options, heightening adaptation constraints for

some farmers while providing greater access to adaptation-enabling resources for others.
7.3 The role of intersectionality in shaping adaptive capacity

In Chapter 5 (Opoku Mensah et al., 2025), I explored how the socio-demographics of
smallholder farmers in the Talensi district of Ghana intersected with their livelihood capitals
to shape their capacity for climate adaptation. This chapter addressed my second research

question and sub-questions:

Research Question 2: What role does intersectionality play in shaping adaptive capacity of

smallholder farmers?
Sub-research questions:

1.  How do indicators of smallholder farmers’ stocks of capital and other socio-
demographic characteristics intersect to either support or constrain their climate
adaptation efforts?

ii.  What smallholder farmers’ narratives about their lived experience provide insight into

social categories and their intersections?

In line with the growing calls for empirically grounded intersectional research, I adopted a
mixed-method approach to explore how intersecting identities shape adaptation in a highly
diverse context. This approach also examines the policies that could promote more equitable
adaptation within and across heterogeneous communities. By doing so, this study contributes
to a more nuanced and critical analysis of climate change and inequality dynamics

(Nyantakyi-Frimpong, 2020; Puig et al., 2025).

I drew from a systematic random sample of 130 smallholder farmers and six focus group
discussions with smallholder farmers who rated locally-derived indicators of each of the five
livelihood capitals, as to the level of support provided to adaptation. I employed descriptive

and inferential statistics and narrative analysis to unpack how livelihood capital indicators
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intersected with these farmers’ socio-demographics, either supporting or constraining their
climate adaptation efforts. Such an intersectionality approach allowed me to view
vulnerability not just as the characteristic of some socio-demographic groups but as an
outcome of interdependent and various societal stratification processes leading to multiple
dimensions of vulnerability and revealing a more nuanced understanding of vulnerabilities

and unpacked vulnerable groups (Nyantakyi-Frimpong, 2020; Yimam & Holvoet, 2023).

I found that while overall, the capitals appeared to provide limited support to adaptation
(Figure 2 in Chapter 5), the considerable variation in the range of ratings assigned to
individual indicators of each capital suggested that a deeper analysis was required to
understand vulnerability and intersectionality. Accordingly, I further analysed the frequency
distribution of ratings to categorise individual indicators into one of three groups. I found that
two groups consisted of indicators skewed towards higher ratings (support for adaptation) and
those skewed towards lower ratings (adaptation constraint) (Figure 3 and Table 2 in Chapter
5). Between these two extremes, I found a third group of indicators which appeared to show
two distinct peaks, often at opposite ends of the rating scale, i.e. a bimodal pattern. This
pattern suggests that the support for adaptation provided by these indicators was perceived

differently by sub-groups of farmers within the sample (Table 5 in Chapter 5).

Specifically, the analysis of adaptive capacity showed that gender constrained women
smallholder farmers more than their men counterparts. However, gender was not the only
important factor. For example, where gender intersected with low economic status, age, and
residential status, it heightened the constraint on adaptation experienced by women. I found
that decisions over farmland constrained more women aged between 15 — 35 years and
supported men 60 years or older (see also Lawson et al., 2020). Due to the patriarchal nature
of the Talensi district (Koomson-Yalley & Kyei, 2022; Opoku Mensah et al., 2025), women
farmers, particularly younger women, were unable to own land because they had to obtain it
in ways that raised their insecurity, including depending on men relatives and leasehold
agreements and borrowing from relatives, which impacted their capacity to implement
innovative adaptation practices. Women’s limited control and land ownership in patriarchal
communities impede their adaptation because access to land in such communities is crucial

for sustainable adaptation (Akugre et al., 2022).

I also found that while gender has been the subject of many studies on intersectionality and

climate change vulnerability, other socio-demographic characteristics have received less
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attention, especially in the Global South (Ravera et al., 2016; Erwin et al., 2021). Previous
studies (e.g. Erwin et al., 2021; Yimam & Holvoet, 2023) emphasised how gender intersected
with different identities to shape adaptive capabilities. I also revealed that it is important to

account for community dynamics related to ageing in designing adaptation interventions.

Furthermore, in keeping with Assan et al. (2018) and Opoku Mensah et al. (2023), I found
that access to credit supported women who belonged to community groups, while
constraining men outside of these groups. Within the study communities, institutions,
particularly civic/civil society institutions, supported farmers—particularly women farmers—
to cultivate a savings culture and provided access to low-interest microcredit for starting new
businesses and productive investments in agriculture. This finding supports the idea that
women’s circumstances are diverse (Nyantakyi-Frimpong, 2020) and that separating “being
poor from being women or the generalisation.... that all women are poor and that the poor are
always more vulnerable” (Arora-Jonsson, 2011, p. 746) could support the development of

inclusive climate policies (Chaplin et al., 2019).

I found that the smallholder farmers’ residential status also impacted access to resources (e.g.
Erwin et al., 2021). Specifically, I found that residential status intersected with farmer
networks and remittances to constrain migrants. These findings suggest that migrants may
have been marginalised from these networks and could not draw on financial resources from
remittances. Again, I found that women migrants were constrained by farmer networks.
During the focus group discussions, I found that local farmer networks were tight-knit and
tended to exclude migrants and limited their involvement in these networks where locals
share resources and knowledge. This condition placed them in a disadvantaged position with

comparatively less access to livelihood capitals (see Lawson et al., 2020).

In line with Fatuase & Ajibefun (2014) and Yimam & Holvoet (2023) who revealed a
relationship between higher educational attainment, adaptation options and reduced
vulnerability, I found that the farmers’ level of education supported those with tertiary
education and men with high economic status and constrained those with no formal education
and women with low economic status. I found that the intersectionality between educational
status and gender often led to divergent income diversification opportunities for men and
women (see also Erwin et al., 2021). Unskilled women, in particular, found fewer
opportunities to diversify their income, which impeded their individual and households’

capacity to adapt. Such structural inequalities constrain marginalized groups from fully
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engaging in adaptation. Through the focus group discussions, I discovered that farmers with
higher levels of education owned land and earned salaries from jobs outside of agriculture.
Thus, they had a secondary occupation that supported their capacity. Notably, such farmers
reported employment in various fields, including nursing, teaching, civil/public services,

entrepreneurship, banking and crafts.

In terms of social networks, I found that the farmers’ economic status was a key indicator that
influenced their access to social networks for climate change adaptation. Men with low
economic status had more grassroots connections and influence within social networks,
particularly male-dominated ones. These connections informally supported them through
knowledge sharing and access to communal resources that were not readily available to
farmers with high economic status. Farmers with high economic status were perceived as
more distant or less in need of support. Such intersectional analysis and social differentiation

determine who benefits from adaptation support and who is left behind.

I found that although the associations between ratings of adaptive capacity and socio-
demographic characteristics were clearest for indicators with bimodal patterns—i.e.
supporting for some while constraining for others—other indicators were also associated with
socio-demographics. For example, I found that land tenure, which predominantly constrained
farmers’ adaptive capacity, was generally influenced by age and marital status (e.g. Lawson
et al., 2020). Particularly, younger (36 — 59 years) and married and widowed women farmers
rated land tenure lower than men farmers between 15 — 59 years and men who are married.
This finding was likely due to the patriarchal nature of the Talensi district (Opoku Mensah et
al., 2023; 2024), where it is socio-culturally against norms, customs and traditions for a
widow to head a household. When a man succeeds a deceased household head, he
automatically becomes the household head and gains more ownership and control over land
(Alare et al. 2022). Also, improved agricultural practices and secondary occupation—
indicators rated as predominantly supporting farmers—was primarily supporting farmers with

high economic status and men, respectively.

Finally, I found that despite these differences, there were common indicators to consider
when identifying possible intersectional impacts. These common indicators included climate
variability and access to information, which constrained all smallholder farmers. An

intersectional approach that identifies common factors prevalent across all locations and
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among all smallholder farmers is essential to unpacking unique intersectional dynamics

(Axelrod et al., 2022).

Based on these findings, the intersection of the farmers’ socio-demographic characteristics
and adaptive capacity is apparent and consistent with the understanding that vulnerability is
socially heterogeneous. It may be experienced differently by sub-groups in a community
according to socio-demographic characteristics (Yimam & Holvoet, 2023; Puig et al., 2025).
Intersectionality creates unequal adaptation outcomes where marginalized groups are often
more vulnerable. Differential vulnerabilities and social marginalization determine who can
adapt, how they adapt, and the effectiveness of adaptation measures. Consequently, I argued
that when indicators are categorised in this way, it influences how institutional adaptation
responses are formulated. Where most farmers identified an indicator as constraining
adaptation, a broad-scale response would appear desirable to build adaptive capacity. Where
some indicators supported the majority of farmers, it suggests that efforts by institutions or

local conditions have enhanced adaptive capacity.

The third group of indicators with a bimodal pattern presents the most problematic situation
for building capacity. They require an institutional understanding of local conditions through
engagement with disadvantaged social groups to formulate context-specific responses, which
are seldom realised through centralised interventions (Nyantakyi-Frimpong, 2020; Puig et al.,
2025). Thompson-Hall et al. (2016) posit that such nuanced interpretation of localised
realities within specific agricultural contexts offers insights into how these settings fit and
intersect within the larger agricultural landscape. Such understanding is vital for supporting
and planning climate-sensitive interventions grounded in principles of social justice. Without
a vulnerability analysis that unmasks differences or moves beyond binary gender
categorisations, subsequent interventions might overlook the needs of numerous individuals

and potentially exacerbate existing vulnerabilities (Nyantakyi-Frimpong, 2020).

My findings have significant implications for human-environment researchers, practitioners
and policymakers in adaptation in theorising climate vulnerability and inequality and
formulating effective adaptation policies and interventions that facilitate effective adaptation
among smallholder farmers with diverse backgrounds. While the disparities between men and
women can deeply shape their vulnerability, I suggested that other socio-demographic factors
might hold equal or greater significance. Vulnerability assessments need to identify people or

places that are most vulnerable to climate change and variability to identify vulnerability-
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reducing actions (Luers, 2005). For example, social marginalization—based on factors such
as age, gender, class, disability, political affiliation, ethnicity and sexuality—is a major cause
of vulnerability and is present in all societies (Puig et al., 2025). It arises from existing
structural inequalities that affect resource distribution and opportunities, a lack of recognition
and representation in decision-making, biases driven by incumbency positions and

information asymmetry (Swanson, 2021).

Therefore, human-environment researchers, particularly practitioners and policymakers in
adaptation must consider additional factors like age, residential status, socio-economic status,
and education level in designing adaptation interventions. Failure to consider these multiple
and complex sources of vulnerability within a socio-ecological system and to enfranchise
marginalised groups by promoting negotiation and deliberation to subvert exclusionary
practices can result in misguided response strategies, potentially leading to significant

unintended results or surprises (Adger, 2006; Puig et al., 2025).

Although such nuanced analysis is problematical for resource-constrained governments of
SSA, incorporating these elements can lead to better adaptation outcomes (Thompson-Hall et
al., 2016). From a policy perspective, the integration of intersectional analysis can be time-
consuming and complicated (Hankivsky & Cormier, 2011). Nevertheless, avoiding simplistic
analyses that overlook the various dimensions of intersectionality is decisive. The failure to
do so can result in suboptimal policies that further marginalise specific groups of farmers
through a failure to acknowledge their differential interests and varied access to adaptive
strategies (Chaplin et al., 2019; Puig et al., 2025). By adopting an intersectional approach,
policymakers can broaden their understanding of the differential needs of farmers at
individual, household and community levels to better target resources and support diverse
adaptive strategies. Recognising that vulnerability is socially heterogeneous (Puig et al.,
2025), policies must be tailored to reflect different farmer groups’ diverse needs and
capacities. This approach will ensure that interventions are targeted, equitable, and inclusive
to obviate farmers’ vulnerability, particularly those marginalised by their socio-demographic

characteristics to foster sustainable agricultural communities.

In the next section, I discuss how institutions enable smallholder farmers to navigate climate-
related risks and effectively adapt. This is significant because realising complex and
ambitious goals, such as effective adaptation (UNFCCC, 2020), climate equity and justice
(Kerr et al., 2022), and the Sustainable Development Goals (SDGs) (United Nations [UN],
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2015; Pradhan et al., 2025), requires institutions to continue to be active in promoting

adaptation (IPCC, 2022b; Witinok-Huber et al., 2025).

7.4 The role of institutions in enhancing climate change adaptation

In Chapter 6, I sought to investigate the role and influence institutions play in smallholder
farmers’ climate adaptation in the Talensi district of Ghana, which addressed my third

research question 3 and its sub-research questions:

Research Question 3: What roles do institutions play in enhancing climate change

adaptation by smallholder farmers?
Sub-research questions:

1. What are various institutional-led adaptation actions and their outcomes for
smallholder farmers?

ii.  What challenges limit the implementation of institutional adaptation actions?

In this chapter I adopted a qualitative research approach to provide a nuanced understanding
of the role of institutions in smallholder farmers’ climate change adaptation practices in the
Talensi district. I utilised a case study approach of eight institutions to answer my research
questions. I adopted semi-structured interviews to collect primary qualitative data to analyse
experiences, events and opinions and better understand how different institutional
respondents perceived and interpreted these meanings. In terms of analysis, I employed a
deductive approach to qualitatively analyse the data and understand the contextual

contributions of institutions to smallholder farmers’ climate adaptation practices.

I found that the three principal types of formal institutions (state/public, private/market, and
civic/civil society) operated in the Talensi district to support smallholder farmers in changing
the way they farm in response to the changing climate (see Table 14 in Chapter 6). Four of
the eight institutions identified were state/public (TDA, EPA, DoA and GMet). One was a
market/private institution (KDC). Three were civic/civil society institutions (FTC, WOM and
WVG). To understand the role and influence of these institutions in climate change

adaptation, I considered three dimensions of their operations: scale, scope and sustainability.
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7.4.1 Scale

I found that at the district scale, Talensi district attracted considerable institutional presence.
This may be due to its relatively high vulnerability to climate change (Abunyewah et al.,
2024). The aims of the institutions were multi-purpose—to reduce general vulnerability and
promote specific adaptation actions. Thus, the institutions rarely focused solely on
adaptation; instead, they generally addressed broader livelihood issues to support the
communities to respond to developmental and environmental challenges. Specifically, the
institutions focused on climate resilience, environmental sustainability, climate-smart
agriculture (under drought conditions), risk assessment and planning, alternative livelihoods
(specifically for women) and agricultural productivity (see Table 14 in Chapter 6). I found
that the state/public institutions collectively focused on building climate resilience by
promoting sustainable land use, water management, and climate-smart agricultural practices.
While the market/private institution consulted with farmers on climate-smart technical
solutions, the civic/civil society institutions primarily focused on building community
resilience through capacity-building programmes, climate-resilient farming, livelihood

diversification, and empowering vulnerable groups.

Foremost among the types of institutions were the state/public institutions. I found that they
were mandated to promote the development of the entire district. They implemented
government policies and programmes to reach as many farmers as possible, and their
interventions were broadly applicable at a wide scale (He et al., 2022). The state/public
institutions operated with public resources and were often required to demonstrate that their
interventions benefited entire communities and sought to avoid the perception of favouritism
or exclusion (Rahman, 2021). T also found that the civic/civil society institutions operated
across the district. However, they tended to intervene in selected communities (e.g. WVG) or
with specific social groups (e.g. WOM and women) guided by their strategic plans. I found
that the civic/civil society institutions primarily focused on building community resilience
through capacity-building interventions, climate-resilient farming, livelihood diversification,
and empowering vulnerable groups. These institutions commonly used community-centric
and grassroots approaches (e.g., Tahiru et al., 2019; Rahman, 2021) due to their ability to
engage closely with local needs, ensuring that the chosen interventions are relevant and

impactful to vulnerable smallholder farmers.
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Although not highly active in the district, I found that the single market/private institution
consulted with farmers on climate-smart technical solutions in selected communities based on
its strategic plan and potential for commercial returns. The agriculturally risky Talensi district
is placed at a relative disadvantage in attracting support from commercial entities—
market/private institutions—because climate variability can dramatically affect agricultural
outcomes (TDA, 2022; Abunyewah et al., 2024). This situation is not uncommon as
commercial entities rely heavily on market-driven funding mechanisms (Mendelsohn, 2006;
Crick et al., 2018) ensuring they are risk-averse when investing in adaptation interventions

involving uncertainties.

At the community level, I found that institutional presence was spatially ‘patchy’. This
finding is critical as spatial heterogeneity is a major feature of agricultural production
systems that is crucial in analysing adaptation (Antle et al., 2004; Liu & Masago, 2023).
Specifically, I found that the reach and types of interventions available varied considerably
across communities and groups. This spatial heterogeneity meant that not all farmers had
access to the full range of support options for climate adaptation. Even though the
state/public institutions were mandated to promote the development of the entire district,
limitations in funding, personnel, and logistical capabilities restricted their ability to extend
their impact to cover broader geographic areas or reach a more significant number of farmers
simultaneously. Therefore, they focused on relatively small and easy-to-reach communities
with some communities and farmers likely to be unable to access support. The civic/civil
society institutions targeted groups that aligned with their mission. They were driven by
specific development goals, such as empowering vulnerable groups, promoting gender
equality, and supporting marginalised communities. They worked closely with local
communities to identify the most vulnerable populations, such as women, widows, and
vulnerable children, including orphans, to tailor their interventions to address their unique

needs and challenges directly (e.g. Tahiru et al., 2019; Rahman, 2021).

I found that the community-centric and grassroots approaches of civic/civil society
institutions were confronted with challenges and their decision-making sometimes excluded
parts of a region or community. Such uneven presence and activity of civic/civil society
institutions across different spaces and scales have been documented by Bebbington (2004)
and Rahman (2021) to lead to uneven distribution of resources, knowledge, ideas, power, and
values often dictated by donor interest and priority rather than local realities. Similarly, the

civic/civil society institutions’ interest-based selection of their beneficiaries has been
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criticised as biased, undermining the potential impact of adaptation interventions and their
ability to meet long-term transformative goals (Bebbington, 2004; Banks et al., 2015;
Rahman, 2021). Unsurprisingly, I found that the commercial imperatives of the
market/private institution (Mendelsohn, 2006; Crick et al., 2018) ensured its presence was
limited to interventions that maximised returns and commercial viability, such as general
farming practices and technologies across a broad farmer base without tailoring its support to
specific groups. It often focused on areas with the potential for quick returns to seek a broad
market appeal to justify its investments and achieve profitability. These practices limited its
involvement with vulnerable smallholder farmers, as focusing on these groups specifically

might limit their market scope and the scalability of their interventions.

7.4.2 Scope

In terms of scope, I found that the institutions supported a variety of adaptation actions for
farmers in pursuing their adaptation objectives (see Table 15 in Chapter 6) through a range of
interventions, including training and capacity building, technology transfer, input supply and
marketing and value chain integration. These interventions formed part of a matrix of support
offered to assist farmers in everyday challenges and deal with climatic shocks (see Yomo et
al., 2020). Within this available matrix of support, the institutions played a multi-purpose role
by implementing specific adaptation actions to reduce place-based climate change
vulnerability and by supporting improvement in developmental and environmental challenges
related to broader livelihood issues that went beyond impacts on agricultural production alone
(see Tables 14 and 15 in Chapter 6) (e.g. Forkuor & Korah, 2023). These adaptation
interventions align with Smith & Lenhart’s (1996) specific options for water resources,
forests, ecosystems and agriculture to reduce climate risks, and with the need for local
empowerment, direct climate service provision, and climate advocacy to enhance adaptive

capacities for community development (Musah-Surugu et al., 2019; Patnaik & Das, 2017).

In relation to the civic/civil society institutions, although limited in scale to targeted
communities, I found that typically they led actions on community development, including
life skills, microenterprise development, business management and microenterprise coaching.
These actions reflected their more holistic approach to wvulnerability reduction. The
commitment of resources by civic/civil society institutions to both on-farm (farming
practices) and off-farm (support for livelihoods) adaptation interventions can enhance the

well-being and stability of smallholder farmers and enable them to navigate developmental
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challenges and climate-related risks effectively (UNFCCC, 2024; Haque et al., 2024). Béné et
al. (2018) identified the need to align largely separate communities of practice related to
social protection, disaster risk reduction and climate change adaptation to more effectively
address chronic poverty, disasters and extreme events or long-term changes in climate
conditions and their distribution over time and space respectively. They described the
humanitarian-development continuum to improve resilience as a framework of response from
coping through incremental adjustment to transformational responses, with the latter

requiring interventions to address the long-term structural causes of vulnerability.

7.4.3 Sustainability

Here, I found that although the institutions contributed to minimising vulnerability and
enhancing the adaptive capacity of communities and farmers through their interventions, they
were confronted with several sustainability issues. Most often, among state/public institutions,
already existing development interventions were rebranded as adaptation interventions and
new adaptation interventions were co-opted to support existing development agendas. These
two processes dovetail into a form of ‘retrofitting’ and hinder addressing the root causes of
vulnerability (Eriksen et al., 2021, p. 8). This situation arose because state/public institutions
did not appropriately mainstream climate change adaptation into comprehensive planning
processes. Also, I identified procedural and systemic differences that impeded the effective
integration of civic/civil society and market/private institutions’ adaptation plans into a
broader planning framework in the district. Schipper et al. (2020) advised that where this
situation occurs, adaptation interventions may not be designed with vulnerability reduction as
a top priority; rather, climate change adaptation becomes a lower priority that other
developmental or environmental objectives can overshadow. Also, I found that the
institutions’ current adaptation efforts were largely incremental adjustments relying on
modifications to existing systems rather than aimed at achieving systemic transformation (see
Di Fant et al., 2025; Callahan, 2025). Chowdhooree et al. (2020) and Rahman (2021)
concluded that institutional actions, particularly those of civic/civil society institutions, are
frequently small in scale, ineffective and unsustainable in providing the broad-scale benefits

needed to foster transformation (Kates et al., 2012; Di Fant et al., 2025; Callahan, 2025).

Factors such as top-down planning, lack of participation platforms, market orientation and
power dynamics were found to limit the involvement of farmers in institutional adaptation

planning. In such situations, some institutional interventions undermined farmers’ agency by
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insisting on actions contrary to what farmers are comfortable with. Such actions were often
rejected by farmers, who cite incompatibility with existing farming systems, undermining
their local adaptation actions and eroding their agency to manage production challenges
(Quarshie et al., 2023). Similarly, Mikulewicz (2020) stated that although often required,
community-level participation in planning adaptation actions is frequently problematic as
participating local farmers have limited agency within the process of framing and defining
adaptation responses. More critically, though institutional interventions are to be planned for
the most vulnerable individuals and households (Forkuor and Korah, 2023; Puig et al., 2025),
they are the least involved in institutional responses and may not significantly benefit from

interventions—especially in the global south (Patnaik & Das, 2017; Petzold et al., 2023).

A lack of long-term success and dis-adoption was attributed primarily to a failure of
institutions to build the capacity of community leaders or groups to continue adaptation
actions after their exit. In such situations, when the external support for guidance,
management and resources end, the actions typically collapse due to the absence of local
ownership, leadership, knowledge, skills, and resources necessary to sustain them (e.g.
Fitzpatrick, 2022). Also, the institutions expressed concern about the dependency of
smallholder farmers and communities on their on-going support for adaptation actions,
especially when farmers’ expectations of support are unmet (see Chowdhooree et al., 2020).
Specifically, the institutions noted that subsidies created a dependency cycle, discouraged
local input systems, fostered a culture of expectation, and inhibited long-term, self-reliant

adaptive behaviour.

In areas with multiple institutions, their impact on adaptation varies significantly based on
how connected they are, their coordination in response to climate hazards, and their
articulation with external institutions and resources (Agrawal, 2008; Eriksen et al., 2021).
However, I found that, despite the appearance of limited overlap in operations, there was a
lack of coordination, collaboration and partnership among the various institutions. Where
cross-linkages of platforms and actions existed, it was generally between civic/civil society
and state/public institutions. The market/private institution had limited involvement or
interaction with the other institutions due to their market-oriented priorities and financial
constraints. Azhoni & Goyal (2018, p.474) described such a lack of proper coordination and
interaction among institutions as a ‘lacuna’ in effective adaptation framing. This ‘superficial’
(Musah-Surugu et al., 2019, p. 32), ‘cosmetic and nothing beyond tokenistic’ (Bawole &

Hossain, 2015, p. 2071) nature of interactions among institutions in the Talensi district
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masked a lack of substantive, strategic alignment in their adaptation interventions,
highlighting a gap in the district’s overall approach to climate adaptation. This situation can
result in fragmentation, lack of cross-linkages and learning among institutions, inefficiencies,

limited resource sharing, and duplication of interventions (Tahiru et al., 2019).

The institutional interactions were limited by regulatory controls, bureaucratic rules and
procedures, competing planning agendas and leadership, policy gaps, ambiguous mandates,
competing priorities, and a lack of public support (see Chenani et al., 2021). Weak
institutional mechanisms and co-ordination may reinforce inequalities by failing to reach
those most in need. For example, institutional policies often fail to account for differential
vulnerabilities and social marginalization, creating adaptation gaps (Puig et al., 2025).
Ultimately, a lack of alignment can result in the implementation of conflicting interventions
that dilute the institutional impact and confuse farmers about the best actions to adopt
(Quarshie et al., 2023; Tahiru et al., 2019). In addition, a lack of cross-linkages among
institutions can result in institutions not knowing about each other’s operations, challenging
the importance of continuity and sustainability of interventions (Forkuor & Korah, 2023;
Tahiru et al., 2019). This range of challenges to the sustainability of institutional
interventions highlights the multi-scale nature of adaptation influencing farmers’ adaptation
decisions, which operate not in isolation but rather in combinations with other factors and
may inadvertently drive maladaptive outcomes that reinforce, redistribute or create new
sources of vulnerability (Eriksen et al., 2021). To prevent maladaptation, adaptation actions
should be designed to address long-term adaptation needs while accounting for a range of

possible future scenarios (Di Fant et al., 2025).

Based on the findings above, I argued that addressing institutional challenges in
implementing adaptation interventions can create a more robust agricultural sector capable of
adapting to climate change, ultimately improving the livelihoods and well-being of
smallholder farmers and their communities. I recommended that promoting a range of
adaptation interventions—training and capacity building, technology transfer, input supply
and marketing and value chain integration—by various institutions in the Talensi district
highlights the need for a coordinated and strategic approach to enhance the effectiveness and
sustainability of their adaptation actions. Such synergy can help build a robust and united
front to tackle the complex challenges a changing climate poses to smallholder farmers and
support sustainable agricultural development. Therefore, to enhance smallholder farmers’

adaptation decisions, I recommended that all types of institutions—state/public,
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private/market, and civic/civil society—collaborate closely by aligning their efforts and

sharing resources.

Similarly, clear communication and collaboration across institutions implementing similar
adaptation actions can create a cohesive and comprehensive support system that ensures
adaptation actions are well-coordinated, locally relevant, and sustainable. For institutional
interactions to move beyond cosmetic to more sustainable and community-driven outcomes,
there must be a shift toward genuine collaborative and integrative approaches in climate
adaptation efforts, shared resource allocation, and a coordinated approach to addressing
smallholder farmers’ complex climate adaptation needs (Azhoni & Goyal, 2018; Eriksen et
al., 2021). Institutions must be interconnected with each other in adaptation planning and
implementation to build a cohesive plan that aligns with local needs, is embraced by
communities, and maximises resource use to effectively reduce farmers’ vulnerability against

climate shocks.

To properly respond to climate challenges, institutions must make bolder decisions and more
significant changes that are harder and more audacious to promote system transformation
(Kates et al., 2012; IPCC, 2022b; World Bank, 2024; Callahan, 2025). Implementing
adaptation actions requires creating enabling conditions and addressing such governance and
institutional barriers (Pradhan et al., 2025). Additionally, mainstreaming adaptation into
development plans provides a potential way to enhance the adoption of adaptation actions
(Eriksen et al., 2021). World Bank (2024) asserts that protecting communities from high
climate risks requires the need to effectively mainstream adaptation and resilience into
economic and development policies, which is essential for developing comprehensive models
that address vulnerability at a systemic level. Additionally, it is crucial to ensure that these
policies are coordinated with national and international climate agreements and aligned with
global commitments. This approach can foster a resilient agricultural sector capable of
adapting to climate change and variability while securing sustainable livelihoods for

smallholder farmers (Azine et al., 2025).

It is critical to ensure that beneficiary selection by institutions is need-based to ensure
adaptation is equitable (Rahman, 2021) so that vulnerable resource-constrained farmers—
disproportionately affected by climate change—are at the centre stage in adaptation to
promote equity, consistency, efficiency, and reduced vulnerability (Pauw et al., 2022;

Forkuor & Korah, 2023). Most importantly, I argued that the design and implementation of
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adaptation actions must involve communities and farmers, especially the most vulnerable, to
engender a sense of ownership and enfranchise marginalised groups to achieve sustainability
and long-term adaptation needs (Adger, 2006; Puig et al., 2025). Institutional interventions
can either alleviate or exacerbate differential vulnerabilities and social marginalization. They
are, therefore, crucial in bridging the gap between policy and practice, ensuring that climate
adaptation is inclusive and equitable. More equitable and sustained vulnerability reduction
may be achievable if adaptation actions prioritise collaboration, experimentation and deeper
learning among adaptation actors over-delivering measurable material outputs under
‘development as usual’ standards (Eriksen et al., 2021, p.12). Shifting the terms of
engagement between adaptation institutions and local farmers participating in adaptation
interventions, especially the most vulnerable, is critical to have a deeper understanding of

contextual vulnerability and engage with the definition of success for adaptation.

In the following section, I reflect and synthesize the core findings from my empirical
chapters—Chapters 4, 5 and 6——connecting the relationships between climate change
adaptation, intersectionality, and institutional support for smallholder farmers in the Guinea
Savannah agro-ecological zone of Ghana. These relationships influence and interact—
reinforcing the need for an integrated and inclusive approach to vulnerability reduction in
smallholder farming systems. This reflection extends beyond a summary of findings to
critically examine their implications, challenges, and contributions to knowledge, policy, and
practice. It also highlights the interplay of the various dimensions shaping farmers’ adaptive
capacities, emphasizing the importance of integrated and equitable approaches to climate

adaptation.

7.5 Interconnections between adaptation, intersectionality and institutional support

The research findings showed that smallholder farmers in the Talensi district employ diverse
adaptation actions in response to climate change—including variability, extreme weather
events, and long-term temperature shifts. However, adaptation is not a straightforward
process. Instead, it is shaped by a combination of socio-demographic factors, access to
livelihood resources, and the role of institutional support. For example, the findings
highlighted that key socio-demographic factors (e.g., gender, age, education, and economic
status) shaped farmers’ adaptive capacities and demonstrated how these social variables
interacted, creating inequalities in access to resources and opportunities. These resources and

opportunities are critical for adaptation. According to IPCC (2022b), climate impacts are
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present, pervasive, and predicted to persist and progress. In response, individuals and groups
engage in climate adaptation—adjusting to actual or expected climate and its effects to
moderate harm or exploit beneficial opportunities. As shown in Figure 15, these findings
underscore the need for a holistic approach to adaptation that integrates individual-level
adaptation behaviours, intersectionality, and institutional frameworks at community scale. By
integrating these three dimensions, we can develop inclusive and sustainable adaptation

policies that recognize the diverse vulnerabilities and capabilities of smallholder farmers.
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Figure 15: Conceptual diagram illustrating interconnections between smallholder

farmers’ adaptation actions, intersectionality, and institutional support
Source: Author’s construct, 2025
Note: The icons and images were made from www.flaticon.com and Dall.e

Figure 15 visualises the interconnections between adaptation, intersectionality and
institutional support. It illustrates the multifaceted influence of farmer adaptation behaviours,
intersectionality, and institutional interventions. The ‘adaptation actions’ section depicts
farmers working on their farms. It shows the adoption of various adaptation actions—plant
improved crop cultivars, livelihood diversification, application of agrochemicals, practising
agroforestry, planting calendar adjustments, and raising additional livestock under the
influence of resource availability. These actions represent how smallholder farmers actively

respond to their perception of meteorological parameters—precipitation, temperatures and
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extreme events—as climate risks. The ‘intersectionality’ section illustrates how diverse
groups of farmers (men, women, elderly, youth, etc.) with varying socio-demographic
backgrounds face different social and economic challenges. It shows that within a community
of smallholder farmers, some groups are more vulnerable and face greater barriers to
adaptation than others due to socio-economic inequalities. This section symbolizes how
farmers’ socio-demographics shape their adaptive capacity, emphasising that different

farmers have varying levels of access to adaptation opportunities.

The ‘institutional support’ section demonstrates how institutions implement interventions
through training and capacity building, technology transfer, input supply and marketing and
value chain integration to support smallholder farmers in adopting specific adaptation actions.
It shows how they enable or hinder adaptation for different social groups. The ‘harmonized
approach’ section as depicted in the centre of Figure 15 shows the interplay between
adaptation actions, socio-economic vulnerabilities leading to intersectionality and
institutional support. It shows how adaptation decisions are shaped by both social inequalities
and institutional interventions. It suggests an integrated approach where adaptation is shaped
by intersectional factors and enhanced by institutional interventions. This infographic
integrates these elements explored in this thesis to explain the importance of a context-
sensitive and policy-supported adaptation framework. In the following sections, I formulate
recommendations that could enable the realization of a more harmonious approach to

adaptation by smallholder farmers.

7.6 Moving beyond ‘one-size-fits-all’ adaptation interventions

One of the most significant insights from this research is the inadequacy of universal
adaptation interventions that assume all smallholder farmers have the same needs, capabilities,
and constraints (Yimam & Holvoet, 2023; Puig et al.,, 2025). Farmers are not equally
vulnerable to climate impacts (Nyantakyi-Frimpong, 2020; Opoku Mensah et al., 2025). My
findings highlight that adaptation decisions are influenced by a complex interplay of factors,
including personal and institutional factors. These factors create significant disparities in
adaptive capacity among farmers (Opoku Mensah et al., 2025). Interventions that fail to
recognize these differences risk exacerbating existing inequalities rather than mitigating
climate vulnerabilities (Puig et al., 2025). A major implication of this research is that
adaptation cannot be generalized across smallholder farmers and farmer groups. For example,

some farmers, especially women, migrants, and young farmers, face barriers due to
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entrenched social inequalities (e.g. Erwin et al., 2021; Lawson et al., 2020). Social
inequalities shape adaptation decisions, with marginalized farmers facing greater challenges
in accessing adaptation opportunities (Alare et al., 2022; Puig et al., 2025). If adaptation

interventions are not sensitive to these realities, they risk reinforcing structural inequalities.

Such a context-specific and intersectional approach is essential for making adaptation efforts
more inclusive, effective, and sustainable. Moving beyond a ‘one-size-fits-all’ model
acknowledges that smallholder farmers are not a homogeneous group and that adaptation
interventions must reflect these diverse socio-economic and institutional realities (Thompson-
Hall et al., 2016; Nyantakyi-Frimpong, 2020). I suggest that tailoring interventions to local
contexts and specific farmer needs can help ensure that climate adaptation is both equitable
and transformative in the long run. Based on the findings of this thesis, I make five

recommendations to address these structural barriers constraining adaptation:

i. Invest in climate education, skill development, and farmer-led innovations to help
farmers make informed adaptation choices (e.g. Morrison et al., 2025; Baffour-Ata et
al., 2025).

i. Promote gender-responsive adaptation interventions to ensure that women have
secure access to land and credit (e.g. Forkuor & Korah, 2023; Opoku Mensah et al.,
2025).

ii. Create women-led agricultural cooperatives to facilitate knowledge-sharing and
collective bargaining (e.g. Soto Alarcon & Sato, 2019; Sarkki et al., 2024).

iii. Target young farmers and migrants through social protection policies and offering
them support for climate-resilient farming (e.g. Mukwedeya & Mudhara, 2024;
Asare-Nuamah et al., 2025).

iv. Expand education and skill-building programmes to empower farmers with

knowledge on climate adaptation (e.g. Asante et al., 2024; Alhassan et al., 2025).

7.7 Institutional coordination and policy integration

While institutions play a critical role in supporting adaptation, their effectiveness varies.
Institutions can enable or hinder adaptation actions, depending on how well they address
farmers’ needs (Chowdhooree et al., 2020; Fitzpatrick, 2022). Some farmers may benefit
from well-established agricultural extension services and input supply interventions, while

others in remote or marginalized communities may struggle with poor institutional reach,
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lack of market access, or weak policy implementation (Stringer et al., 2020; Fitzpatrick,
2022). A uniform policy that does not account for such institutional disparities may leave the
most vulnerable farmers behind (Puig et al., 2025). To ensure equitable and effective
adaptation outcomes, institutions must move toward context-specific, inclusive, farmer-
centered and intersectional approaches. This means that institutions must develop
differentiated adaptation support mechanisms by designing tiered support interventions that
address the varying levels of resources and capacities among smallholder farmers (e.g. Opoku

Mensah et al., 2025).

Accordingly, adaptation interventions should be gender-responsive, socially inclusive, and
locally tailored. For instance, institutions must support commercial-oriented smallholders
with market access, value chain integration, and technology adoption. Also, institutions
should ensure equal and targeted access to land, credit, services, training, etc., for resource-
poor farmers such as women. Here, it is critical to conduct participatory vulnerability
assessments to identify disadvantaged farmers and farmer groups and offer them adaptation
incentives. Thus, institutions should seek to reduce adaptation inequalities by targeting
marginalized groups, or they may reinforce inequalities if their interventions fail to be

inclusive (Forkuor and Korah, 2023; Petzold et al., 2023).

It must, however, be acknowledged from the ensuing discussion that institutions operate
within resource constraints, which can limit their ability to implement differentiated
adaptation support mechanisms fully. While I emphasize the need for context-specific,
inclusive, and intersectional adaptation interventions, it is important to recognize that
institutional capacity, funding limitations, and competing priorities often shape the extent to
which these interventions can be realized (e.g., Tahiru et al., 2019; Rahman, 2021).
Institutions, therefore, need to balance these constraints while striving to enhance equitable

adaptation outcomes for smallholder farmers.

My research also highlighted that a fragmented institutional landscape weakens adaptation
efforts. Strengthening multi-stakeholder partnerships ensures better resource allocation,
knowledge dissemination, and long-term sustainability of adaptation measures. Cross-
institutional collaboration is, therefore, important to support smallholder farmers effectively.
Weak institutional coordination has led to fragmented and sometimes conflicting adaptation
interventions. In relation to interventions on adaptation by formal institutions, I suggest

policymakers should:
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ii.

iil.

Enhance collaboration between institutions, particularly state/public and civic/civil
society institutions, to provide integrated support (e.g. Azhoni & Goyal, 2018; Puig et
al., 2025).

Mainstream climate adaptation into development policies rather than treating it as a
separate issue (e.g. Eriksen et al., 2021; World Bank, 2024).

Ensure equitable resource allocation so marginalized farmers are not excluded from

institutional support (e.g. Pauw et al., 2022; Puig et al., 2025).

7.8 Rethinking the sustainability of institutional interventions

Many adaptation interventions lack long-term sustainability because they are often short-term,

donor-driven, and externally imposed. This thesis suggests that locally-led adaptation efforts

(e.g. Pilgreen et al., 2025; O’Brien et al., 2025) that build on farmer knowledge and traditions

have greater potential for sustainability. Here I make a series of recommendations to improve

the sustainability of institutional interventions on adaptation:

ii.

iil.

1v.

V1.

Move beyond short-term adaptation actions to long-term capacity-building efforts (e.g.
Kates et al., 2012; Callahan, 2025).

Promote community-led adaptation planning to increase local ownership (e.g. Eriksen
etal., 2021; Puig et al., 2025).

Reduce dependence on external donor funding by integrating adaptation into national
development agendas (e.g. World Bank, 2024; Azine et al., 2025).

Bridge adaptation inequalities to reduce differential vulnerabilities and social
marginalization (e.g. Puig et al., 2025; Opoku Mensah et al., 2025).

Overcome intersectional barriers by providing targeted interventions that consider
marginalized farmer groups’ needs (e.g. Nyantakyi-Frimpong, 2020; Opoku Mensah
et al., 2025).

vii. Create equitable adaptation outcomes and enhance climate resilience (e.g. Rahman,

2021; Pauw et al., 2022; Forkuor & Korah, 2023).

viii. Bridge the gap between available adaptation options and farmers’ ability to

1X.

implement them to ensure equitable adaptation outcomes (e.g. Tahiru et al., 2019;
Quarshie et al., 2023)
Support farmer-to-farmer learning exchanges (e.g. Martini et al., 2023; Morrison et al.,

2025).
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x. Promote the use of traditional knowledge alongside modern adaptation techniques

(e.g. Guodaar et al., 2021; Baffour-Ata et al., 2025; Maskell et al., 2025).

7.9 Conclusion

This reflection highlights how my findings on adaptation, intersectionality, and institutional
support are deeply interconnected. Understanding such interconnection is necessary to
explain the importance of a context-sensitive and policy-supported adaptation framework.
The relationship between these three factors emphasises that effective climate change
adaptation must be socially inclusive and institutionally supported (IPCC, 2022b; Puig et al.,
2025; Witinok-Huber et al., 2025). An integrated approach that aligns adaptation actions,
intersectionality, and institutional support is necessary for effective and inclusive climate
adaptation interventions. Policies should integrate targeted institutional interventions that
address the intersectional barriers faced by different farmer groups, ensuring equitable access
to adaptation resources (Nyantakyi-Frimpong, 2020; Opoku Mensah et al., 2025). An
integrated approach, where adaptation is driven by both individual capacities (intersectional

factors) and shaped external enablers (institutional interventions) is critical.

Smallholder farmers’ adaptation actions are shaped by socio-economic and institutional
factors that influence their ability to respond to climate risks (He et al., 2022). Institutions
play a critical role in supporting adaptation, but structural inequalities and coordination
challenges limit the effectiveness of interventions (Tahiru et al., 2019; Rahman, 2021).
Addressing these challenges requires a shift toward inclusive, context-specific, and long-term
adaptation interventions. Recognizing the diverse vulnerabilities of farmers, strengthening
institutional coordination, and addressing structural barriers will be key to vulnerability
reduction in Ghana’s smallholder farming communities. Effective climate change adaptation
for smallholder farmers requires a coordinated approach that integrates individual adaptation
efforts, institutional interventions, and an understanding of differential vulnerabilities (Puig et
al., 2025). Inclusive policies, tailored support, and equity-driven interventions can result in

more effective climate adaptation for smallholder farmers.

In the next chapter, I discuss the overall conclusion of my thesis. I summarize the
significance of my study in relation to the research methods, empirical evidence, and

theoretical insights. I also offer recommendations for future studies.
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Chapter Eight
Conclusion
8.1 Introduction

In this thesis, I examined the complex dynamics of climate change adaptation among
smallholder farmers in the Talensi district of Ghana, focusing on three core areas: factors
influencing adaptation, the role of intersectionality, and institutional support. Through a
hybrid research design that combined qualitative and quantitative methodologies (mixed-
methods approach), I generated empirical evidence that deepens understanding of how
smallholder farmers navigate climate change challenges, how socio-demographic
intersections shape their adaptive capacity, and how institutional interventions enhance or
constrain adaptation efforts. This methodological integration demonstrates that vulnerability
and adaptation cannot be fully understood through singular methodological lenses. Adopting
a mixed-methods approach allowed me to dissect the complex climate realities and contexts
within which the rural people of the Talensi district live. This research exemplified how
qualitative narratives complemented quantitative assessments to reveal nuanced insights into

the factors shaping adaptation decisions and outcomes.

The triangulation of methods—enhanced the validity and credibility of research findings by
cross-verifying data from different data sources (data triangulation) and combined qualitative
and quantitative methods to comprehensively address the research questions (methodological
triangulation) (Donkoh & Mensah, 2023; Kalman & Malomsoki-Santha, 2023)—enhanced
the validity and reliability of my findings, enabling a robust examination of adaptation
behaviours, social inequalities, and institutional frameworks. This research approach was
particularly useful in the complex social contexts and the multicultural and interdisciplinary
nature of this study, as it allowed me to capture diverse perspectives and a more holistic view
of research questions to produce more nuanced insights and robust conclusions (e.g. Flick,
2017; Meydan & Akkas, 2024). The mixed-methods approach also addressed the limitations
of purely quantitative or qualitative studies by providing richer contextual understanding and

explanatory depth (Creswell & Creswell, 2023).

Furthermore, the research operationalized an intersectionality approach (McCall, 2005;
Hankivsky & Cormier, 2011) in adaptation studies (e.g. Erwin et al., 2021), an approach that

remains underutilized in climate research, particularly in African contexts (e.g. Nyantakyi-
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Frimpong, 2020; Opoku Mensah et al., 2025). The institutional analysis also extended
traditional governance research by mapping how various institutions—state/public,

private/market and civic/civil society—operated in a multi-scalar adaptation landscape.

In this concluding chapter, I synthesize the empirical, theoretical, and practical contributions
of my research, acknowledge its limitations, and outline potential directions for future

research.

8.2 Empirical contributions

The research contributes to knowledge by confirming three major empirical findings within
the Ghanaian context. First, it identified the specific factors that influence climate change
adaptation among smallholder farmers, including perception of climate change, livelihood
capitals, and institutional support. The study confirms that adaptation actions are not
undertaken in isolation but rather in complementary ways (e.g. Adeagbo et al., 2023; Gudina
& Alemu, 2024; Atta-Aidoo & Antwi-Agyei, 2025), with farmers often adopting multiple
strategies. Understanding local adaptation contexts can ultimately inform farmer-led
adaptation policies to empower smallholder farmers to adapt more effectively through the
promotion of ‘packages’ of complementary technologies (Alvarez Carrillo et al. 2022, p. 378).
The findings also reveal that the extent of adaptation was determined by the availability and

accessibility of livelihood resources, as well as institutional support mechanisms.

Second, the research highlights the role of intersectionality in shaping farmers’ adaptive
capacities. It demonstrated that adaptation is not uniform across farmer groups but is instead
shaped by intersecting socio-demographic characteristics such as gender, age, economic
status, and residential tenure (e.g. Yimam & Holvoet, 2023; Opoku Mensah et al., 2025). By
applying an intersectional lens, the research contributes to a more nuanced understanding of

adaptation inequalities and highlights the need for differentiated adaptation policies.

Third, the research provides empirical insights into the role of institutions in shaping climate
adaptation in smallholder farming systems (He et al., 2022; Azhoni et al., 2024). It identified
institutional interventions as crucial enablers of adaptation as well as institutional challenges.
The findings emphasized that while institutions play an essential role in facilitating
adaptation, their effectiveness is contingent on overcoming their capacity constraints and

structural and governance challenges.
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8.3 Theoretical contributions

The thesis advances theoretical debates on vulnerability and adaptation in several ways. By
integrating concepts from climate adaptation, intersectionality, and institutional governance,
the study contributes to an interdisciplinary understanding of adaptation dynamics. The
research reinforces theories of adaptive capacity by illustrating how access to resources,
information, and institutional support mediate farmers’ ability to respond to climate risks
(Tong et al., 2024; Nath & Arrawatia, 2025; Witinok-Huber et al., 2025). Additionally, the
research builds on the intersectionality approach by demonstrating that adaptation constraints
are not merely determined by exposure and sensitivity to climate risks but are also deeply
embedded in socio-economic and political structures (e.g. Thompson-Hall et al., 2016;
(Nyantakyi-Frimpong, 2020; Puig et al., 2025). This theoretical extension provides a more
holistic understanding of climate vulnerability by acknowledging the interlocking systems of
disadvantage that shape adaptation outcomes. Furthermore, the institutional analysis in this
study aligns with governance theories on adaptation, emphasizing the importance of
institutional landscapes, accessibility, and linkages in shaping adaptation actions. By
identifying institutional barriers and enablers, the research contributes to ongoing discussions

about the role of institutions and governance in vulnerability reduction.

Theoretically, climate change adaptation, intersectionality, and institutional support are
deeply intertwined, creating feedback loops of vulnerability that disproportionately affect the
most marginalized farmers and communities. This thesis has demonstrated how these
elements interact and reinforce one another, often perpetuating cycles of disadvantage and
vulnerability. By exploring these interactions, this research identifies key leverage points that
can drive more inclusive and effective interventions, ultimately fostering transformative

change.

8.4 Practical implications: Bridging research, policy and practice

The findings of this research have significant policy and practice implications. For adaptation
strategies to be effective, they must be tailored to the diverse needs and constraints of

smallholder farmers. I conclude that policymakers should:

1. Enhance institutional coordination: Given the fragmented nature of institutional
interventions, there is a need for greater synergy among the various institutions to

ensure a holistic and sustained approach to adaptation. Strengthening institutional
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11.

1il.

1v.

Vi.

vil.

Viil.

coordination, integrating local knowledge into adaptation planning, and fostering
multi-stakeholder collaboration are essential steps toward more sustainable adaptation
governance.

Promote inclusive adaptation policies: Recognizing the intersectional barriers faced
by different farmer groups, adaptation interventions should be designed with a focus
on equity, ensuring that marginalized farmers, particularly women and youth, have
access to adaptation resources and decision-making processes.

Organize technology fairs/field days and educational campaigns: To encourage the
adoption of improved agricultural practices, technology fairs/field days and
educational campaigns can be organized to showcase the benefits and practical
applications of modern agricultural practices that are appropriate to a developing
world context. These initiatives should incorporate local languages and culturally
relevant materials to make the adaptation actions more accessible and foster their
successful implementation and maintenance.

Strengthen local capacity: Investment in farmer training and education on climate
adaptation techniques is crucial to empowering smallholders with the knowledge and
skills needed to implement effective adaptation strategies.

Promote farmer-centred and participatory methods: Smallholder farmers should be
actively engaged in adaptation planning, with their local knowledge and experiences
informing policy decisions.

Develop context-specific adaptation packages: The research highlights that farmers
often adopt multiple adaptation actions simultaneously. Future adaptation policies
should promote integrated and complementary adaptation packages rather than
isolated interventions.

Address structural barriers: Policy reforms should focus on improving land tenure
security, financial inclusion, and market access to support smallholder adaptation
efforts.

Invest in rural infrastructure: Investing in community-based infrastructure—
including irrigation facilities, roads and storage facilities—while actively involving
local farmers in their planning and implementation processes to would enhance the

effectiveness of adaptation actions.
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8.5 Looking ahead: Limitations and future research directions

While this thesis provides a firm foundation and valuable insights into the interplay between
climate change adaptation, intersectionality, and institutional support for smallholder farmers
in the Guinea Savannah agro-ecological zone of Ghana to inform targeted interventions and
adaptation actions in the most affected areas, its limitations must be acknowledged. These
limitations present opportunities for future research to expand and refine the findings. First,
while the mixed-methods approach provided depth, the reliance on cross-sectional data limits
the ability to capture long-term adaptation dynamics. The research presents a snapshot of
adaptation strategies, intersectionality and institutional responses at a specific point in time.
However, adaptation is a dynamic process that evolves as climate risks change and new
policies or interventions emerge. A longitudinal study would provide a more comprehensive
understanding of how adaptation behaviours, intersectionality, and institutional support
evolve, particularly in light of ongoing changes to climate in Ghana. Also, a longitudinal
social network analysis (e.g. Maya-Jariego & Holgado, 2015; Valente et al., 2015; Popelier,
2018) could be used to monitor and evaluate institutional interventions and their potential
impact over time. Understanding such an evolution could provide deeper insights into the

sustainability of adaptation actions, with lessons for SSA more generally.

Second, the research is limited to two communities in the Talensi district in Ghana’s Guinea
Savannah agro-ecological zone. While the findings provide rich, context-specific insights, the
generalizability of these results to other agro-ecological zones and socio-political contexts
remains uncertain. Different regions may have unique socio-economic conditions,
governance structures, and climate risks that influence adaptation differently. Comparative
studies across different agro-ecological zones in Ghana and other regions in Africa could

provide broader insights into adaptation patterns and institutional effectiveness.

Third, one of the limitations of this study is the lack of in-depth exploration of how the
specific attributes of climate change adaptation actions influence their adoption by
smallholder farmers. While this research has examined key factors such as perceptions,
livelihood capitals, and institutional support, it did not assess how the characteristics of
adaptation actions themselves—such as their cost, complexity, relative advantage, perceived
effectiveness, compatibility with existing farming practices, trialability and observability—
affect adoption decisions (Rogers, 2003; Zhang et al., 2023; Matos, 2025). Adaptation actions

are not adopted in isolation; rather, their inherent attributes interact with external socio-
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economic and institutional conditions to determine whether farmers will take them up. Future
research should build on the findings of this study by explicitly investigating how the
attributes of different adaptation actions influence their adoption rates among smallholder
farmers. Similarly, it will be critical to examine how institutional support mechanisms
influence farmers’ perceptions of the attributes of adaptation actions and, consequently, their

adoption rates.

Fourth, the research applied an intersectional approach to analyze how different socio-
demographic identities shape adaptation capacity. The research focused on agro-pastoral
households, defined as those who considered crop farming as their primary source of income
and owned at least five head of cattle and a herd of sheep or goats (Zampaligré et al., 2014).
Since agricultural activities and adaptive capacities within the communities are not limited to
only these respondents, the descriptive power of the results may not extend to the two study
communities as a whole or to other similar communities beyond the case study areas. A
future intersectional analysis of a broader set of household members/community members
might reveal additional layers of inequalities in decision-making power that would
significantly impact the adaptive capacities of the groups and community-level resilience to
climate change. Also, deeper power dynamics within households and communities—such as
decision-making hierarchies, intra-household bargaining, and political influence over
resource allocation—remain underexplored. Understanding these hidden power relations

could further explain disparities in adaptation access and effectiveness.

Fifth, the study focused on formal institutions, but informal institutions and traditional
knowledge systems also play a crucial role in shaping adaptation behaviours (Abass et al.,
2018; Haque et al., 2024). Future research could explore how customary practices,
indigenous knowledge systems and local governance structures influence adaptation
decisions. More critically, future studies should integrate the roles of both formal and
informal institutions to understand the diverse actors involved in climate change adaptation
comprehensively. Incorporating informal institutions will offer a more nuanced and
comprehensive understanding of the grassroots mechanisms, local knowledge systems and

institutional dynamics that support smallholder farmers’ adaptation decisions.

Finally, future research should investigate the impact of emerging climate adaptation
financing mechanisms, such as climate insurance and carbon credit schemes, on smallholder

adaptation. Such investigation could offer new perspectives on adaptation sustainability.
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There is also a need for further exploration of how digital and mobile-based climate

information services can enhance adaptive capacity among farmers.

By addressing these limitations, future research can contribute to a more nuanced
understanding of the decision-making process behind climate adaptation, ensuring that
interventions are better designed and targeted, contextually relevant, and effectively

implemented to enhance resilience in smallholder farming systems.

In the last section, I reflect on the findings of my research. I provide a comprehensive
summary, highlight key contributions, and offer reflections on the study’s significance. Also,
I provide a final, impactful statement that ties everything together, ensuring that my research
is coherent, meaningful, and valuable to both academia and practice. As a hybrid thesis, |
ensure that the thesis is seen as an integrated body of work rather than a collection of separate

papers.
8.6 Final thoughts: Towards an inclusive adaptation pathway

In summary, this thesis has provided a comprehensive analysis of smallholder farmers’
climate change adaptation in the Talensi district, emphasizing the interconnected roles of
smallholder farmers’ adaptation to climate change, the role of intersectionality in shaping
adaptive capacities, and the influence of institutional interventions. The localized nature of
vulnerability and the socio-economic contingencies and specific local conditions or contexts
of adaptive capacity (Adger et al., 2004) are key concerns that this research addresses. By
identifying effective adaptation actions and their drivers, this research provides valuable
insights for developing targeted interventions and policies to address the specific challenges
faced by vulnerable farming communities. Furthermore, this research lays the foundation for
future research by highlighting the need for methodological advancements, deeper socio-
cultural and demographic analyses, and the exploration of institutional interventions. By
bridging the gap between empirical findings and practical applications, this research
contributes to the broader goal of building sustainable and resilient agricultural systems in the

face of climate change (Azine et al., 2025).

The findings demonstrate that climate adaptation is not a one-size-fits-all solution but rather a
multidimensional process shaped by farmers’ perceptions, access to livelihood resources, and
institutional frameworks. By adopting a mixed-methods approach, the study has shed light on

the complexities of climate vulnerability and adaptation, highlighting both the structural
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constraints and the opportunities that exist within smallholder farming systems. The research
underscores the need for integrated, inclusive, and well-coordinated adaptation strategies that
address both the structural and social dimensions of climate vulnerability. A key takeaway
from this research is the need for context-specific adaptation actions that recognize the
diversity of smallholder farmers and ensure that they exercise their agency in selecting
adaptation solutions that are best for their circumstances rather than being handed
interventions (see Quarshie et al., 2023). While all farmers engage in adaptation actions to
mitigate climate risks, their choices and effectiveness vary significantly based on their socio-
demographics and access to institutional resources. This research underscores the importance
of equitable adaptation policies that acknowledge social inequalities and ensure that

vulnerable groups—such as women and resource-poor farmers—receive targeted support.

Ultimately, this thesis emphasises the urgency of building inclusive, and well-supported
adaptation systems for smallholder farmers. Climate change presents an ongoing challenge
(IPCC, 2022b; O’Brien et al., 2025), but with targeted policies, institutional support, and an
intersectional approach, smallholder farmers can be empowered to navigate climate
uncertainties effectively. Bridging research, policy, and practice is essential to ensuring that
adaptation interventions are not only effective in the short term but also sustainable and
transformative in the long run. By contributing to empirical knowledge, theoretical
advancement, and practical applications, this study lays the foundation for tailored, inclusive,
and context-specific adaptation policies that can enhance the resilience of smallholder

farmers in Ghana and beyond.

Climate change is an ongoing and evolving challenge (IPCC, 2022b), requiring continuous
research, adaptive policy frameworks, and innovative governance models. As we move
forward, the co-creation of knowledge with farmers, institutional actors, and policymakers
will be essential in developing equitable, transformative, and sustainable adaptation pathways
(Taylor et al., 2025; Cartagena et al., 2025). Addressing structural inequalities, power
imbalances, and financial constraints will be key to ensuring that smallholder farmers are not
just adapting but also thriving in a changing climate. Future research must continue to
challenge assumptions, refine methodologies, and push the boundaries of knowledge to
ensure that adaptation efforts do not leave the most vulnerable behind but instead empower

them to be active agents of resilience and transformation.
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Appendices

Appendix I: Focus group guide

LZUTS

FOCUS GROUP DISCUSSION TOOL)|

UNIVERSITY
OF TECHNOLOGY
SYDNEY

Interview Date: {2022

Interview Time: Start..........am .........pm End..... . am. ... pm
Community Name: N T

Community Code: N

Name of Moderator: ||| _II_J_JI SN

Name of Note Taker: |_|LJLILIAI I L2
1. CLIMATE CHANGE AND EXTREME EVENTS

1. Have you noticed any changes in the climate in this area over vour lifstimesT

1b. What are zome of tha changss m climate that vou have personally expenienced lving in this area?
{Hint: Could be extreme climate event(s) or slow chamges)

le. Which of the changes does this commumty sxpenience more fraquently”

2. Apart from the climatic-related event(s) discuszad above, which other non-climatic events have you experianced
Lz in thiz area that 1z affecting vour agnicultural activities?

2a. What are the impacts of these non-climate events on your agriculturs activities?
1. COMMUNITY ADAPTIVE CAPACITIES

1. What resources/aszets ara available locally to suppert your agriculturs activities?
(Hinz: Nemwral capiral- remewable and non-renswable rezowrces and emvironmesntal services which gererats
wseful vesowrces for livelihoods. They includs water, frees, land, minerals, and their devived services like nutriant
cyeling, clean aiv, and land productivige:; Physical capital: the built infrasructure and squipment thar support
Iivelihoods and enable access to othsr asssis and increase productivity. They include roads, buildings, watsr,
teckmolosy, rosport systews, energy, commumicarion fstems, and mackinery: Soctal copival: memberchip and
participation of peaple in networks and groups based on identity ties and common social and sconomic ehjectives
that enabls them to acces: a wider range qf resowrces. They includs pavticipation in commurily boavds, political
partiss, and religiouws amd cultwral groups, a sense of belonging, organizational structures, rust, and
collaboration. Social capital can alro imclude accerr to actors in the private, goverronental, awd non-
govermmmental sectovz, Human capiral- individual capabilities that are necezsary to appropriate and transiorm
other forms of capital. They include skills, experisnce, Imowledss, abilities, sducation, and health that enable an
individual 1o sngage in productive acrivities; Finencial capiral- availabls stocks (vesources accessibls for uze or
sasily rangferrable to liguid asssts like cash, profits, savings, investments, capital, credit, or jewellery src.) and
the regular ingflows of mongy (rents, penzions and remittancss, sfz.)

S5 | AszetzResourcez Available azsetz'rezources
Matural
Plrovsical
Social
Human

Financial

on | |t f b s

la. How do the changes m climate vou have expenienced affact the way vou use your asseta’Tezourcas?

SN | AszzetaRezources Effectz

Matural
Plrveical

Social

Human

o s | s f e

Financial
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3. ADAPTIVE ACTIONS AND INSTITUTIONAL ACCESS/SUFPORT

1. What mstihitions (formal and mformal [2.g. governmental /G0 FBOs/ C30s / CBO:/ groups / cooperativas
[ aszociations]) are promoting practices to help vou change the way vou farm in response to the changing climate
(meludmz chimate vanzbility/zsazonal vanations, extremes weather svent(=), lonz-term temperaturs changze ate)
in ths district mn this commmmity?

(Hinz: pleace look owt for practices that are promoted as climate change strategies as well as those rot promoted
as climats change rivategiaz)

5N Inztitution Practice: promoted

la. For how long have vou been receiving and implementing these practices?
5N Practices promoted Lensth of time

1k How wndely are the promoted practices usad?
SN Practices promoted How widely uzed Why

1e. What benafits has the commmmity received by implamenting these practices?
SN Practice: promoted Benefitz

2. hd the commmmity plav any role in desiznmz/developing the new practicaz? If “Yez, pleazs explamm howr. ..
3. Are there condition{s) affached to recervmg support from any of the wentified imstrutions? Please axplaim.
5N Institotion Condition Rationale for condition (if
known)

4. Do vou encounter any challanges 1n gethng support from the metitutione? What are they7

3N Institution Challenge

4a. How can theze challanges be addressad?

N Challengs How to addrezz challenga

5. Im addition to the practices promoted by metitutions, are thers any other farming practices devaloped localk
that kelp farmers cope with vanations n sezsonal weather conditions?
5N Local Practices How widely uzsed Why

3a. Are these locally developed farmmng practice: effective — do they help? How?
5N Locally developed farming practices How effective

3b. Dio the practices promoted by mmstriutions work well with those developed locally or zre they meompatible?
Do vou need to zlter thern at allT
SN | Practices promoted | Adapted (chanzed/modified) | How
Promoted Practices

Locally developed farming practices

Thank vou for your participation
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Appendix II: Interview guide

UNIVERSITY
U T OF TECHNOLOGY
SYDMNEY

¥

INSTITUTIONAL SURVEY TOOL

Date of Interview: o 4202202023 |

Time of Interview: Start......am __._.._.pm End .. . am. . . .pm
Name of Institwtion:  |_J|_|_J_J LU LI UL
Institutional Code: A L

Name of Interviewers  |_J|_|_J I LI LI

1. INSTITUTIONAL ACCESSSUPPORT

1. What practices is your instriution promoting among agro-pastoral commumities househelds to help them change
thie way they fanm m responzs to the changing climate (inclodms climate varizbility'zsazonal vanations, extrams
weather event(s), long-tarm temperature change ate.) m thiz distrct?

(Hinz 1: pleare lock out for practices that ave promoted az climate charge straregiss ar well ar those not promored
az climats change sivategies)

(Hinr I please refer to the sxplanatery sheet and look out for izsues of mobility, storage, diversification,
conmrunal pooling, and market exchargs).

1b. How long have vou been promoting these practices?
5N Practicez promoted Length of time

le. In what form 1= the practices promoted?
(Hinr: The fovm could be financial support, eapacity building, training, supplies, infrastrusiue pravision ate ).
5N Practicez promoted Form

1d. How widely are the promoted practices used among the beneficiary commmnities households and why?
5N Practicez promoted Spread Raazon

le. Have anv of the practices vou promote been adapted (changed/modified) to st local condibions and actions

2. How do you decide which practices to promete (or not) in different locationsT

3. What condifions do agro-pastorzl commmmitisz’honssholds hawve to meet before they recaive your
LT O

4. What challenges doas your institution face m worlang wath agro-pastoral commmumties households? .
5. How can thezs challenges be addrazsad? e

I INSTITUTIONAL ARTICULATIONINTERFACE

1. Are vou aware of what other instrtuhon(s) (formal and mformal [e.z. governmental / WGE0  FBO= / C20s /
CBOs/ groups | cooperatives | associztion]) ars promotmg in the local arsa?
5N Instrtution Practice
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3. Does vour organization work with other mshitutions to promote theza practices? Ifso, how? oo

3z, What are the advantages or dizadvanfages from s interaction to vowr mehtutions and the beneficany
communitieshowseholdsT e

4. Arevour activities linked to esusting national policies progranmmes ‘plans targetad at prometing practices to halp
farmers change the way they famm and hom T e e

5. Was yvour orgamization mvolved m the preparation’dsvelopmeant of thess policies? If so, how? If net,

Thank vou for your participation
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Appendix III: Household questionnaire

&
UNIVERSITY
U T OF TECHNOLOGY
SYDMNEY

HOUSEHOLD SURVEY TOOL

Interview Number: L]

Interview Date: oot 2222023

Interview Time: Start ....._am .. pm Fod. ... . am.. . .. pm
Name of Community:  |_|[_J|_II I U 2

Community Code: I A
Name of Interviewers LI IH 0 s Znen

1. S0CTO-DEMOGRAFHIC CHARACTERISTICS

1. Age of respondent:

a.-clE[ Je 18-30[ Je 31-43[ Jid)46—60[ Je. =60 1]

2. Sex of respondent

(z) Mala [ ] () Femala[ ]

3, Mantal status

(2) Mamied [ ] (b) Bingle[ ] (=) Widowed [ ] (d) Divereed [ ] (2) Separated [ ]

4. Ethnic orign

(=) Mole-Daghani [ ] (&) Akan [ ] () Ga-Dangbe [ ] (d) Ewe (2) Goan [ 100 Gumma [ ](z) Gme=i [ ] () Manda
[] (i) Others [ ] (specify)....

{Hint: please refer to the s:q:!m-mtan .shﬂst .ra lzwow which tribe belongs fo which sthnic group and zelect
appropriately)

5. Belizions affilation

(=) Christiamity [ ] ib)Islam [ ] (o) Traditiomal [ ] {d) Mo relizton [ ] (2) Other=[ {zpecify)...........

6. Have yvou evar aftended school or pra-school?

(&) Yes[ ] &) M

6. Highast level of seheol you affamed

{2} Basic (Primary, J23/THE, Middle) (1) Secondary (332/5HS, Techmeal Vocatiomal) (c) Terbiary [ ] (d) Other

Secondary Occupation. ......o.ooooeeiieienan
&. Avarage housshold meome per month?

9. A.Tera,,e earning: < from each D‘:E‘JPHJIJJJ per I

(Hiriz: The sum of the average earrings must correspond fo the answer in Qusstion 5}

10 Do vou beleng to any formal and’'or mformal group or organization?

(@) Yes[ ] (&) Mo

10z What broad group de vour group belong to?

{2} Farmer based group [ ] (b) Cammalbasedgrm:p [ ] (c:] Faith basad-group [ ] Ed}Other(spemfl.j
1. What 1= the name of'tha group or lJIgE]‘.‘IJ.'ZEhDI‘.‘I. -
10, What benefit(z) do vou obtain from the g;mup

10d. What challengzais) d.n'rm.lg;mup or Drganlzanun ﬁce

10e. How do vou address these challenges as a group?.
11. Total Honzahaold Size (including yoursalf). e e e
Males: =18[ 1k 18-30[ Je 31-45] B 46-60[ Jz =60 1]

Females: = 18[ 1k 18-30[ ] 31-45[ B4 46—-60[ Jz=60[ ]

. HOUSEHOLD PRODUCTION CHARACTERISTICS
a) Land

1. What 1= the estimated ziza {1 hactaresz) of vour farmlands?
{Hiwt I- 1 hectave = 2.47 agres)|
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{Hinz 2- If the same piecs of land is wsed for both cvop forming and animal rearing, record the size for one and
0° for the other).

la. Foreropfamming. ...

1b. For Irvestock rearmng . . .ooeeveieecee e

2. What 1z the mam land temre amangament for your farmlands?

{2) Crom land [ ] (k) Family-owmed land [ ] i) Inherited land [ ] (d) Raated land [ ] (&) Others [ ]
(=pecify)...

3. Fﬂuthasbemthetrmdmﬁemmaﬂmnfmmlanddumg&elast 10 weaarsT

(z)Expandmz [ ] (W) Shrmking[ ] ()Mo change[ ] {d)Don'tlmow| ]

3z If expandimgz, what are the maim rezsonsT

{Hirz: allow multiple responzes)

{2} Dimumizhing demand for land= [ ] (b) Beatter manazement of lands [ ] {2} Good clomatie conditions [ ] (d)
Diacrezzmg of cultrvated lands [ ] () Afforestation Feforestation Fagenaration [ ] (f) Better land manzgement
practices [ ] (g) Others [ ] (zpecify).....

3k, If shrinkans, what are the mam reasons?

(Hirz: allow multiple responses)

{2} Increasing demand for lands  (b) Poor managament of lands [ ] (2) Poor climatic conditions [ ] (d) Expansion
of cultivated lands [ ] (2) Land degradation [ ] (f) Better land management practices [ ] (g) Encroachment
[ 1{k)Bushbuming [ ] (1) Expansion of ssttlement= [ ] (7) Increasing family size [ ] (k) Other=[ ] {zpecify). ..

b} Crop Production

.

1. How many years have you been m crop
{ay=lwear[ ]b. 1-10vears[ ] = 11- EE':.EB::.[ 1. 21-30wear= [ ] e =3 vear=[ ]

2. What types of crops do vou mamly grow?

(Hirz: allow multiple responses)

(ayhdaize[ ] (o) hiillet[ ] () Sovabeans[ ]{d) B-a.mham'l:lem[ ]{E} Zorghum [ ] (D Bice[ ]1(g) Vezetablas
[ 1 (k) Tres cropsicazsh erops [ ] (1) Others [ ] (zpecify)....

3. What was the estimated vield of the crops vou produced last season’

5N Crop Produced Eztimated yield in appropriate unit
3z, | Maize
3k, | Willet
3e. Sova beans
3d. | Bambara beans
3e. Sorghum
3f Fica
1z | Vegstables
3bh. | Tres crops'cash crops
3 Oihers
4. Chat of the crops vou produced last season, what quantrty was consumead by your household?
5N Crop Produced Estimated consumption in appropriate umit
3z, | Maize
3k, | Mllet
3c. Sova beans
3d. | Bambara heans
e, Sorghun
3f Rica
3z, | Vegstzhles
3bh. | Tres crops'cash crops
kT Oithers
5. Ot of the crops vou produced the last season, what quantity waz sold by vour honsshold?
5N Crop Produced Estimated zale in appropriate unit
4z. | Maize
4k | WAillet
4e. Sova beans
4d. | Bambara hezns
de. Sorshom
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4f. Fire

4z, | Vegstahles

4h. | Tres crops/cash crops
1. CHhers

6. What major constraint(s) do your household face in your crop farmung activitiesT

(Hinz: allow multiple recponzes)

{2) Pests and diseaze= [ ] (b) Unmnproved technology [ ] (c) Reduced soil fartility [ ] (d) Boil erczion [ ] (&)
Unfavourable land terure arranzements [ ] (£ land confhicts [ ] (2) Bush fires [ ] (h) Deforestztion | ] (1)
Land desradation [ 1 (j) Poer agriculturs suppert (both policy and metitutionzD) [ ] (k) Low mput wse [ ] (DD
Poor access to financial rescurces (J) Poor access to agniculhural services and mmformation [ ] (k) Poor access to
market [ ] (m) Labouor constraints (n) Floods [ ] (o) Drought [ ] (p) Land degradation [ ] (g) Lomited
education (1) gender magualitisz and marzma]uaton[ ] I:!.:I Orthers [ ] I:EpECLf_‘.J ......

6z, How do vou addrass these constramts7..

¢} Liveztock Production

1. Howr many vears have vou been m lvestock rearmg”

(@y=lwear[ Jb. I-10vears[ ] o 11-20wvears[ ]d 21-30yearz[ ] & =30 wvearz[ ]

2. What majer livestock type{s) do vou rear?

(Hinz: allow multiple recponzes)

(2} Cattle[ ] (&) Goatz[ ] () Sheep[ ] (d)Pigz[ ] (=) Gumnea fowls [ ] (f) Chuckens [ ] (2] Draught animals
(horses, camels, ballocks and donkevs) (k) Others [ ] {specify)......

3. What 1z the current mumber of vour Irvestock?

5N Livestock Cuorrent number
2a. Cattla
b, | Goats
e Sheep
2d. | Pizs
Ze. (ruinea fowls
2f Chickens
2z | Draught animal: (horses, camels, bullocks
and donkevs)
Zh | Chhers

4. Why do vou rear livestock?

(Hirt: allow multiple responses)

{2} To conzume its products (g milk, meat, egz ate) [ ] (b) Az source of meomea [ ] (2) For trachon power [ ]
{d) For transportation [ ] () As source of wealth status/cultural value (f) Others [ ] (specify)...

5. What 12/are the mam scurce(s) of feed'fodder/'pasture for vour Livestock?

(Hirz: allow multiple responses)

{2} Openrangeland= [ ] (b). Enclozurs —Prvata [ ] () Enclosure - cormumal [ ] (d) Hay and fead supplements
[ ] (f)Others [ ] (specify). ..

6. What major constraimt(s) dnE.'mm housshold face m your hvestock rearmg activitiesT

{Hinz: allow multiple recponzes)

{2) Pests and dizszse [ ] (b) Unfavourabls land temore arrangements [ ] (2] land conflicts [ ]{d) Chanzes in tha
availability of feed'fodder/pashure [ ] () Livestock theft [ ] (f) Poor access to financial resources [ ] () Poor
access to azmcultoral zervices and mformation [ ] (k) Poor agrnienlhrs suppert (both pelicy and metrhrtional) [ ]
{1) Poor access to market [ ] (j) Labour constramtz [ ] (k) Fleods [ ] (1) Drought [ ] {m) High stocking rata

{n) Limuted education [ ] (o) Gendar mequahtu and ma:g;ma]rza‘hnu [ ] I:]J]I Othars [ ] I:“pEf_':Ifj } ......
6z, How dovou addrass thezs constraints7T.. -

3. AWARENESS AND CLIMATE CHANGE IMPACTS

1. Hawe vou noticed any changes m climata m this area over vour lifetime?

(a) Yes[ ] ® Mo [ ] () Don’tImew [ ]

1a. How would vou desenibe the changas?

{2} Moticeable bt ot substantially affecting apriculture (b} Moticeable and having zome effectz on zencultura
{c) Noticezble and substantially affecting agniculture {d) MNoticeable and completely changed agricultural practices
2. Whach climate event(s) 1s'are conpnon m this commnmity7

(Hirz: allow multiple responses)
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(2) Drought [ ] (b) Floodmg [ ] (c) Storms[ ] (d)Heatspells[ ] (g) Other=[ ] (specify)......

3. Which mpact{=) of theza event(s) does vour bousehold frequently experiancea?

(Hirnt- allow multiple responses)

{a) Crop lossesfanlure [ ] (b) Yieldloss [ ] (c) Decreased lrvestock productivity [ ] (d) Water scarertv [ ]
(&) Unavailablity of feed fodderpasture [ ] () Others [ ] (specafi)......

4. To what extent do you agres with the following statements?

Agreement
1 (strongly disagrae), 2
N (diszgree), 3 (neutral'don't
&N Statement mii?f[a;ee), 5I:Itl'ﬂﬂ;1}'
agres

1 2 3 4 3

4a. | Fandall (ramfall vanakbadity) over vour hifstimes 15 more unpredictable
4b. | Average temperature over vour lifetime has baen higher

4c. | Theare has been chanzes m the length of the cropping season over vour
Lifetime

4d. | Extreme events (2 g droughts, floods, storms, heat spells) over vour
Iifstime are mors frequant

4e. | Extreme events (eg. droughts, floods, storms, heat spells) are
problems for my asmenliural actriahies

4f MNen-climatic events'changes (ez. lack and'or limited instibitional
support, unfavourabla land tenure arranzement and land conflict, poor
access to agnicultural serviess and mfommation, (render lﬂ.quil.aJIh.E-E-
and marzimalization} are problams for mv asncultural actiatias.

4. HOUSEHOLD ADAPTATION STRATEGIES

1. Have vou changed the way you fanm in response to the changing climate (including climate vanability/seasonal
vanations, exireme weather event(s), lonz-term temperature changs ate )7

() Yes[ ] () Mo

la If "No', why have vou not changad the way youw Lammn T ... e b em s e enann
1k If "Yes’, how have you changzed the way you farm?

(Hinz: allow multiple responses)

{a) I plant late or earlv/adjust planting calendar [ ] (b} I plant mmproved, drought tolerant and sarly maturimg
crops [ ] () I change my herd sizalivestockpoulty [ ] (d) I undartake frea ranze ammal rearing [ ] (=) 1
apply agrochermicals (chemmeal fartilizar)y [ ] () [ mdertake rmzation [ ] (g) [ use and modam technologies [ ]
(h) I mange treesforest [ ] (1) I drversify pay livelibood [ ] () ] use local knowledze and actions [ ] (k) Others
{zpecify])...

le. If a respondent mantions (), probe to knowr what percentage of farmland 15 wnder migation ...
1d. If a respondent mantions (), prebe to kmow the modem teclnologies used . ... ..
le. If 2 respondent mentions (1), which of the follovwing hvelibood actiities are you engaged n?

(Hirnt: allow multiple responses)

{2) Sell farm azzetz [ ] (k) Sell non-farmy azzetz [ ] {c) Engage m small-scale minmgz [ ] (d) bdigrate to work
elzawhere [ ] {e) Bun and sell charcoal [ ] (f) Engage m wage labour [ ] (g) Enzage in handicrafiz (e z.
weaving and wood carvmg) [ ] (h) Engage m petty tradmz [ ] (1) Enzazemlogging [ ] () Enzagzem
proceszing (2. shea butter, nice, dawadawa ete )} [ ] (k) Brew local alechol'pito [ ] (1) Othars [ ] {zpecifi). ..
1f If' a respondent mentions ), pmb& to kmow the local kmowladze and actions ... ... ..
lz. Are these practices commmonly used in thiz commumrty?

() Yes[ ] (b) Mo

1h. Have thaze practices bean effective i helping vou farm better?

(&) Yes[ 1] (&) He

lha How effective hava these practices been m halping vour agriculture activitiesT

(2) Very inaffactiva [ ] (b)) Ineffective ] (o) Neutral'don'tlmow[ ]| (d)Effective| ] (2) Very effectiva
[]

B T R P
11, What motivatad vou to use these practicas?

{2} It 1= our locally developad farming practices [ ] (k) It was mirodecad tous[ ] (c)Both | ] (d) Ctherz[ ]
(zpeaify). ..

(Hine: If a respondert i motivated by (b} o (2, ask Question I and section 3. Also, [ a respordsnt is motivared
by fat or (d), ckip to section §).
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1j. Are the practices mtroduced by mstitutions compatible with local lmowladge and practics?

(@) Yes[ ] (&) Ha
B D R

2. Pleaza complete the table usmng a Likert zezle of 0 — 3 (0 = constraimng affective chmate adaptation and 5 =
Supporting effective climate adapiztion)

Capital Indicator Capacity sconng scale Feason for score
O (1 |12 (314 |3

| Fanming experiance
Leval of aducation

Crander

Age

Commumity group

Apcess to imformation

Social Arcess to instriutonal support

Socal networks

Farmmer natworks

Land tenure syztam

Iiznagemeant of trees forast

Matural Fammland arsa

Deacision over farmlands

Climzte variabilty

Commnmication systems

Infraztructurs

Farmm machmery and tools

Improved practices

Secondary cccupation

Access to credit

Finaneial Azrienttural subsidy

Eemittances

Value of livestock

Plyzical

5. INSTITUTIONAL SUFPORT

1. Which msttutions (formal and mformal [z governmentzl / WGED 7 FBOs 7 C80s [/ CBO: / groups /
cooparatives | associztion]) introduced vou o these practicesT e
2. How long have you been practicmg them”

(@y=lvear[ J(b)1-3vears[ ] (cdd-Bwyears[ ] (d)7-%years[ ](d)= 10 years

3, Why did vou accapt help from thosa imstiutons?. .

4. How difficult’sasy 1= 1t to get halp about farmumg from t'l:ue m:h.tm.mns wl:.en ].auneed |.t

(=) Very difficult [ ] (b) Diffieult [ ] (c) Meutalden'tkmow [ ] (d)Basy [ ] (&) Very easy [ ]

Ab. Plaazs extplaiml. oo e e e e

5. Are there condition(s) attached to receiving support from any of the identified instiutions”

{2) Yes[ ] &) Ma

Sa. What are the comdiiomaT e

&. Doz vour honsshold encounter amy constramts m workmgz with the mstruhens?

(@) Yes[ ] (&) Mo

6z, What are these constramts7... S
b, How can these constramts b& adﬂressed"

6. ACCESS TO CLIMATE INFORMATION AND SERVICES

1. Do vou have access to waather-related mformation to be able to predict the weather conditions?
(a) Yes[ ] (&) Mo

la. How do vou access weather-related mformation?

(Hirz: allovwe multiple recponses)
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(2} I depand on local kmowledze [ ] () I depend on metsorclogical and weather forecasts grven to us m the
comrnuty [ ] (2) I depend on mateorolosical and weather forecasts from traditional and alactrome madia such
as radio, TV, newspapers, mobils phones, ete ) [ ] (d) [ depend on informaton from fnendsfannly neighbours
[ 1] {E:II d.epEﬂ.d on mformation from commmmty and group leaders (f) I dapend on mformation from other
mstitutens (formal and mformal (=g governmental WEHFBO: TS0 CBO: sroups/cooparatives association])
apart from the Ghanz Metrological Agency [ ] (g) Others [ ] (zpecify)......

1k If a respondent chooses (a), probe for some of the local wayvs by wiiuch sha 1z able to predict the weather. ...
lc. If a respondent chooses (b)), probe for who provades the weather-related mformation m the commumity..........
1d. If a respondent choozes (¢}, probe for some of the commumication gadszets the household uzaz to accass
waather-related MIoTInEton .. ... o et et et s
{Hinr: The commurtication gadgets may includs but not limited to radio zet. TV zet. newspapers, mobils phones,
&t

le. How confident are vou m uzing available weather-relatad information for decision making on vour farm?

(z) Wot at all confident [ Jib) Mot confident [ ] () Meuwraldon't kmow [ ] (d) Confident [ ] () Verv
confident [ ]

Tea Pleama emplam. oot e e e e e
2. Do vou have access to extension sarvices/'advice for your agneulture actrvtes?

(a) Yes[ ] (&) Mo

Za. If “Yes', what kind of services advica? .

2b. How often do extension officers -uppm:t 'mum]. our a.mculh:re B.Etl.'l.'ltl.E-

(@) Rarely[ ] (%) Sometimes[ ] (c)Don’tremember[ ] (d)Often[ ] (e) Very often[ ]

2e. How satizfled are you with the extension sarvices advice you recerved?

(2) Very unsatisfied [ ]{b) Unsatizfied[ ] (c) Neutral'don'tkmow [ ] (d) Satisfied [ ] (&) Very satsfied [ ]

3. Do vou have access to credit for vour agricultural activibiesT

(=) Yes[ ] (&) Mo

3z Where do you gat cradit from?”.

@) Family erfnend=[ ] (k) Lﬁm r;red.lt agency or orea.msatmu [ ] I:I::I B:mk u::-rr.red:t men[ ] I:-:I:I I'I.'ID]‘.'I.E"E
lender (mdradualy [ ] (&) Savmgs Group [ ] () Don't neadwant to borrow money [ ] Other (Specifi) [ ]
3za. Pleass explam whv this somroe. e
3ab. If (f) 1= zalact, probe 1o Bouomi sy . e e e e n e e
3b. Are you zble to access the credit whan vou need 1t and the amount vou need?

(2) Some ofthetime [ ] (b)Mostofthetime[ ] (o) All ofthetima [ ]

3¢, When do you get this cradit?

{z) Beginning of farmumz sezson [ ] (b) Middle of farming season [ ] ic) End of farming seazon [ ] After the
farmmg seascn [ ]

4. Do vou receive remrttances from family or frendsT

(z) Yes[ ] (&) Mo

4k. How often do vou receive such remittances?

(@) Rarely [ ] (b) Sometimesz [ ] [chontr&m&mher[ ] {d}ﬂﬂa‘n[ ] I:E}‘.er'. DﬂErl[ ]

4¢. How much do vou recerve as renuttances per yvear?. .

Thank vou for your participation
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Appendix IV: Ethics approval

HREC Approval Granted - ETH22-7303

From Research Ethicsi®uts.edu.au <Research Ethics@®uts edu.au=
Date Tue 20/09/2022 1347

To  Research Ethics <research.ethicsi@uts.edu.au>; Brent Jacobs <BrentJacobs@uts.edu.au=; Seth Opoku
mensah <Seth.Opokumensah@student uts edu.au=

il 1 attachment (438 KB)
Ethics Application.pdf;

Dear Applicant

Re: ETH22-7303 - "Institutions and Adaptive Capacity to Climate Change in Agro-Pastoral
Production Systems in the Semi-Arid Guinea Savannah Agro-Ecological Zone of Ghana.”

Thank you for your response to the Committee's comments for your project. The Committee agreed
that this application now meets the requirements of the National Statement on Ethical Conduct in
Human Research (2007) and has been approved on that basis. You are therefore authorised to
commence activities as outlined in your application.

You are reminded that this letter constitutes ethics approval only. This research project must also be
undertaken in accordance with all UTS policies and guidelines including the Research Management
Policy.

Your approval number is UTS HREC REF MO. ETHZ2-7303.

Approval will be for a period of five (5) years from the date of this correspondence subject to the
submission of annual progress reports.

The following standard conditions apply to your approval:

= Your approval number must be included in all participant material and advertisements. Any
advertisements on Staff Connect without an approval number will be removed.

#  The Principal Investigator will immediately report anything that might warrant review of
ethical approval of the project to the Ethics Secretariat.

#  The Principal Investigator will notify the Committee of any event that requires a modification
to the protocol or other project documents, and submit any required amendments prior to
implementation. Instructions on how to submit an amendment application can be found here.

#  The Principal Investigator will promptly report adverse events to the Ethics Secretariat. An
adverse event is any event (anticipated or otherwise) that has a negative impact on
participants, researchers or the reputation of the University. Adverse events can also include
privacy breaches, loss of data and damage to property.

#=  The Principal Investigator will report to the UTS HREC or UTS MREC annually and notify the
Committee when the project is completed at all sites. The Principal Investigator will notify the
Committee of any plan to extend the duration of the project past the approval period listed
above.

» The Principal Investigator will obtain any additional approvals or authorisations as required
(2.g. from other ethics committees, collaborating institutions, supporting organisations).
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= The Principal Investigator will notify the Committee of his or her inability to continue as
Principal Investigator including the name of and contact information for a replacement.

This research must be undertaken in compliance with the Australian Code for the Responsible
Conduct of Research and National Statement on Ethical Conduct in Human Research.

You should consider this your official letter of approval. If you require a hardcopy please contact the
Ethics Secretariat.

If you have any queries about your ethics approval. or require any amendments to your research in
the future, please don't hesitate to contact the Ethics Secretariat and gquote the ethics application
number (e.g. ETH20-xxxx} in all correspondence.

Yours sincerely,
The Research Ethics Secretanat

On behalf of the UTS Human Research Ethice Committees
Ci- Research Office

University of Technology Sydney

E: Research Ethics@uts. edu.au

Ref: E38
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Appendix V: Participant information sheet

LUTS o=

PARTICIPANT INFORMATION SHEET

ETH22-7203 - INSTITUTIONS AND ADAPTIVE CAPACITY TO CLIMATE CHANGE IN AGRO-
PASTORAL PRODUCTION SYSTEMS IN THE SEMI-ARID GUINEA SAVANNAH AGRO-ECOLOGICAL
ZONE OF GHANA

WHO IS CONDUCTING THIS RESEARCH?

My name is [Seth Opoku Mensah] and | am a student at UTS. My supervisor is &/Prof. Brent lacobs [Email:
brent jacobs@uts.edu.au; Mobile: +61 |

WHAT IS THE RESEARCH ABOUT?

The purpose of this research is to investigate the role of local institutions and faith-based organizations in
facilitating agro-pastoral households” adaptation responses to climate change impacts. This research
seeks to address three interrelated aspects of vulnerability: (i) the determinants of vulnerability to climate
change of agro-pastoral households in the Talensi district of Ghana; (i) institutional role in addressing
climate change in the Talensi district; and {iii) the contribution of faith-based organizations (as institutions)
in reducing climate change vulnerability of agro-pastoral households in the Talensi district.

WHY HAVE | BEEN INVITED?

You have been invited to participate because of your agro-pastoral livelihood activities as a
househaold/community and/ar your suppaort to agro-pastoral households/communities as an institution in
building their adaptive capacities.

Before you decide to participate in this research study, please confirm you are an agropastoral household
and/finstitutions (including faith-based organizations) supporting agropastoral households and
communities to build their adaptive capacities.

FUNDING

Funding for this project has been received from the Institute for Sustainable Futures, University of
Technology Sydney, Australia.

WHAT DOES MY PARTICIPATION INVOLVE?

If you decide to participate in the household interviews, it will be conducted in your home either very
early mornings or evenings so the interview process does not interrupt your activities. It is expected to
last for at least 45 minutes to an hour.

All focus group discussions will be organized late afternoons after you have returned from their farming
activities to ensure your full and effective participation. It will be done at the community level. The
discussion is expected to last averagely three hours each. For the purposes of later transcription, the
discussions will be tape recorded and photos taken with prior notification when necessary to take any
photo.
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All face-to-face institutional interviews are expected to last an hour. However, where face-to-face
institutional interviews are practically impossible, institutional surveys tools will be provided to complete
at your convenience and collected by me at an agreed location, date and time. You will have the
opportunity to review all interview transcripts and have access to their final transcripts if needed. Please
revert to me per my contact details for any clarifications.

ARE THERE ANY RISKS/INCOMVEMIENCE?

Yes, there are some inconvenience. | will need your time throughout the interview process. If at any point
in time you experience fatigue and need a break or you totally want to discontinue the interview, please
alert me.

DO | HAVE TO TAKE PART IN THIS RESEARCH PROJECT?

Participation in this study is voluntary. It is completely up to you whether or not you decide to take part.
If you decide not to participate, or to withdraw from the study, it will not affect your relationship with the
researcher or the University of Technology Sydney.

WHAT IF | WITHDRAW FROM THIS RESEARCH PROJECT?

If you wish to withdraw from the study once it has started, you can do so at any time without having to
give a reascn, by contacting me in person or at mobile: +233 or email:
zeth.opokumensah@student uts.edu.au. If you withdraw from the study, your data that has already been
collected will be deleted or destroyed.

WHAT WILL HAPPEN TO INFORMATION ABOUT ME?

By signing the consent form you consent to the research team collecting and using personal information
about you for the research project. All this information will be treated confidentially. Your information
will only be used for the purpose of this research project and it will only be disclosed with your permission,
except as required by law.

It is anticipated that the results of this research project will be published and/or presented in a variety of
forums. In any publication and/or presentation, information will be provided in such a way that you cannot
be identified, except with your permission. &ll information collected will be de-identified and stored
securely on OneDrive as well as Drophbox.

In accordance with relevant Australian and/for NSW Privacy laws, you have the right to request access to
the informaticn about you that is collected and stored by the research team. You also have the right to
request that any information with which you disagree be corrected. Please inform the research team
member named at the end of this document if you would like to access your information.

The results of this research may also be shared through ocpen access (public) scientific databases, including
internet databases. This will enable other researchers to use the data to investigate other important
research questions. Results shared in this way will always be de-identified by removing all personal
information (e.g. name, address, date of birth etc.).
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WHAT IF | HAVE ANY QUERIES OR CONCERNS?

If you have gueries or concerns about the research that you think | can help you with, please feel free to

contact me in person or at mohile: + 233 or email: seth.opokumensah@student.uts.edu.au.
You can also speak to a local independent contact, Dr. Addaney Michael, Lecturer at University of Energy
and Matural Resources, Sunyani at mobile: +233 or email: michael addaney@uenr.edu.gh.

You will be given a copy of this form to keep.

MNOTE:

This study has been approved in ling with the University of Technology Sydney Human Research Ethics Committee
[UTS HREC] guidelines. If you have any concerns or complaints about any aspect of the conduct of this research that
you wish to raise independently of the research team, please contact the Ethics Secretariat on ph.: 61 2 8514 2478
or email: Research Ethicsi@uts.edu.au], and quote the UTS5 HREC reference number. Any matter raised will be
treated confidentially, investigated and you will be informed of the cutcome.
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Appendix VI: Consent form

-

CONSENT FORM

ETH22-7303 I- INSTITUTIONS AND ADAPTIVE CAPACITY TO CLIMATE CHANGE IN AGRO-
PASTORAL PRODUCTION SYSTEMS IN THE SEMI-ARID GUINEA SAVANNAH AGRO-ECOLOGICAL

ZOMNE OF GHAMNA
i [participant’s name] agree to participate in the research project being
conducted by Seth Opoku Mensah, seth.opokumensah@student.uts.edu.au and +61 .

understand that funding for this research has been provided by Institute for Sustainable Futures.
| have read the Participant Information Sheet or someone has read it to me in language that | understand.

| understand the purposes, procedures and risks of the research as described in the Participant
Infermation Sheet.

| have had an opportunity to ask guestions and | am satisfied with the answers | have received.

| freely agree to participate in this research project as described and understand that | am free to withdraw
at any time without affecting my relationship with the researcher or the University of Technology Sydney.

| understand that | will be given a signed copy of this document to keep.

| am aware that | can contact Seth Opoku Mensah and Dr. Addaney Michael if | have any concerns about
the research.

Y S
MName and Signature [participant] [Date

Y S
MName and Signature [researcher or delegate] Date

Y S
Name and Signature [witness*] Date

¥ Witness to the consent process

If the participant, or if their lzgally acceptable representative, is not able to read this document, this form must be
witmeszed by an independent person over the age of 18. In the event that an interpreter is used, the interprater may
not act 35 a witness to the consent process. By signing the consent form, the witness attests that the information in
the consent fiorm and any other written information was accurately explained to, and apparently understood by, the
participant (or representative) and that informed consent was freely given by the participant |or representative)
(delete this section and the “Signature of witness’ section above if this form does not need to be signed by g witness
to the consent process).
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Supplementary materials

Chapter Four

Supplementary material 1: Description of variables

Type Variable Description
Explained Plant improved crop cultivars Whether the household planted improved crop cultivars (Yes = 1, No = ()
Variables Diversify livelihood Whether the household diversified their livelihoods into non-farm activities (Yes = 1, No = 0)
Apply agrochemicals Whether the household applied agrochemicals (Yes = 1, No = 0)
Practice agroforestry Whether the household practiced agroforestry (Yes = 1, No = 0)
Adjust planting calender Whether the household adjusted planting calender (Yes =1, No = 0)
Raise more livestock Whether the household raised more livestock (Yes =1, No = 0)
Institutional Training and capacity building Whether the household participated in training and capacity building (Yes =1, No = 0)
interventions Technology transfer Whether the household benefitted from technology transfer (Yes = 1, No = 0)
Input supply Whether the household received input supply (Yes = 1, No = 0)
Marketing and  value chain Whether the household was introduced or linked to marketing and value chain (Yes = 1, No =
integration 0)
Climate perception Precipitation Household perception of variation in precipitation (Decrease = 1, No change = 2, Increase = 3)
variables Temperature Household perception of variation in temperature (Decrease = 1, No change = 2, Increase = 3)
Extreme events Household perception of variation in extreme events such as drought and floods (Decrease =

1, No change = 2, Increase = 3)

Human capital Farming experience Number of farming years
Household size Number of persons in the household
Age Age of household head
Level of education Education level of the household head by assigned value (No formal education = 0, Primary =

1, Junior High School =2, Senior High School = 3, Tertiary = 4)
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Gender Gender of the household head (Male = 1, Female = 0)

Social capital Community group Household belonged to community group? (Yes = 1, No = 0)
Farmer networks Household belonged to farmer networks? (Yes = 1, No = 0)
Social networks Household belonged to social networks? (Yes = 1, No = 0)
Access institutional support Household ever received support from any institution? (Yes = 1, No = 0)
Access to information Household had access to information? (Yes = 1, No = 0)
Natural capital Manage tree/forest Household managed tree/forest on farmlands? (Yes = 1, No = 0)
Decision over farmlands Household had decision-making control over farmland? (Yes = 1, No = 0)
Farmland area Household farmland area in hectares
Land tenure system Household main land tenure arrangement for your farmlands (Inherited land = 0, Family-

owned land = 1, Own land = 2)

Climate variability Household were affected by climate variability (Yes = 1, No = 0)
Physical capital Improved agricultural practices Household was introduced to improved agricultural practices (Yes = 1, No = 0)
Farm machinery and tools Household had access to farm machinery and tools (Yes = 1, No = 0)
Communication systems Whether the household had communication systems such as radio, television and mobile

phones (Yes = 1, No =0)
Infrastructure Whether the household had access to infrastructure such as irrigation facilities, dams, roads,

etc.) (Yes=1,No=0)

Financial Capital Secondary occupation Household engaged in secondary occupation (Yes = 1, No = 0)
Value of livestock Types and number of livestock holding (Tropical Livestock Unit [TLU])*®
Access to credit Household had access to credit (Yes = 1, No = 0)
Agricultural subsidy Household received agricultural subsidy (Yes = 1, No = 0)
Remittances Household received remittances (Yes = 1, No = 0)

% The average number of livestock owned by the sampled farmers is expressed in Tropical Livestock Units (TLU). TLU standardizes different types of livestock into a common unit for easier comparison. The
conversion factors used are as follows: cattle = 0.7, sheep = 0.1, goats = 0.1, pigs = 0.2, and chickens = 0.01 (Benoit & Veysset, 2021; Gebre et al., 2023; Zeleke et al., 2024).
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Supplementary material 2: Institutional interventions in the Talensi district

Interventions

Activity

Training and capacity building

Technology transfer

Input supply

Train farmers on good agronomic practices

Train farmers on animal husbandry production

Train farmers on environmentally friendly farming practices
Train farmers on crops and livestock value chains

Train farmers on support services

Train farmers on best practices for seed planting and management
Train farmers on machine operation and maintenance

Provide farmers with real-time climate information

Train farmers on life skills and microenterprise

Train farmers on business management and vocational skills
Train farmers on microenterprise coaching and mentoring
Train farmers on integrating trees into farming landscapes
Form and support farmer-based organisations and cooperatives
Facilitate the creation of savings and loans groups

Impose mandatory obligations or restrictions

Develop climate change adaptation plans

Supply farmers with equipment for irrigation

Provide water storage and management solutions

Transfer technologies for better post-harvest handling

Procure and supply small-scale farming machinery

Transfer modern aquaculture technologies and practices
Implement financial technologies tailored to the needs of farmers

Supply farmers with high-quality/improved/certified seeds
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Marketing and value chain integration

Supply farmers with chemical fertilisers

Supply farmers with pesticides, insecticides, fungicides and herbicides

Supply farmers with basic farming equipment/tools

Supply animal feed and health products

Promote effective marketing techniques

Link farmers to ready markets

Establish linkages between farmers and buyers

Improve the marketability of agricultural produce

Motivate farmers to use input and output markets

Establish strong linkages among farmers, aggregators and institutions

Undertake small-scale enterprise or business development activities

Connect farmers to international markets

Design a sustainable value chain development plan

Create tree and land-based jobs and income-generating opportunities

Establish sustainable production of high-value dryland products

Supplementary material 3: Estimation results for variables that influenced households to adopt climate change actions

Types Variables Plant improved crop cultivars Diversify livelihoods Apply agrochemicals Practice agroforestr Adjust planting calender Raise more livestock
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Intervention Training and capacity 0.225%* 0.100* 0.082* 0.239%%* 0.129* -0.118%*
building (1.252) (1.105) (1.085) (1.270) (1.138) (0.889)
Technology transfer 0.14]%** 0.181%* -0.051 -0.025 0.002 0.075
(1.151) (1.198) (0.950) (0.975) (1.002) (1.078)
Input supply 0.084** 0.174 0.134%* 0.127%* 0.016 0.040*
(1.088) (1.190) (1.143) (1.135) (1.016) (1.041)
Marketing and value 0.123* 0.262%%* 0.171 0.105%* 0.045 -0.024
chain integration (1.131) (1.300) (1.186) (1.111) (1.046) (0.976)
Human Farming experience 0.092%* 0.003%* 0.146 0.132 0.158* 0.142%* 0.134%* 0.086** 0.054** 0.085%** 0.030%* 0.044%**
capital (1.096) (1.003) (1.157) (1.141) (1.171) (1.153) (1.143) (1.090) (1.055) (1.089) (1.030) (1.045)
Household size -0.073 -0.033 0.027** 0.056%* -0.047 -0.059 -0.031 -0.004 0.007 -0.001 -0.034 -0.031
(0.930) (0.968) (1.027) (1.058) (0.954) (0.943) (0.969) (0.996) (1.007) (0.999) (0.967) (0.969)
Age -0.018 0.002 0.044* 0.040%* -0.009 -0.008 0.023 0.006 0.033%* 0.039** 0.010 0.014
(0.982) (1.002) (1.045) (1.041) (0.991) (0.992) (1.023) (1.006) (1.034) (1.040) (1.010) (1.014)
Level of education 0.016%** 0.011%** 0.003%** 0.001%%** 0.001%* 0.006%** -0.007 -0.006 0.015%* 0.019%* 0.011 0.013
(1.016) (1.011) (1.003) (1.001) (1.001) (1.006) (0.993) (0.994) (1.015) (1.019) (1.011) (1.013)
Gender 0.025 0.013* 0.047 0.144%** 0.068 0.060 0.055%* 0.062%* -0.029 -0.027 0.003 0.002
(1.025) (1.013) (1.048) (3.139) (1.070) (1.062) (1.057) (1.064) (0.971) (0.973) (1.003) (1.002)
Social Community group 0.036 0.032 0.091%* 0.094%* 0.056 0.055 -0.029 -0.028 0.048%* 0.049%* -0.057 -0.058
capital (1.037) (1.033) (1.095) (1.099) (1.058) (1.057) (0.971) (0.972) (1.049) (1.050) (0.945) (0.944)
Farmer networks 0.016* 0.027%* 0.041 0.023 -0.014 -0.010 0.026 0.618%* 0.031 0.029 0.012 0.003
(1.016) (1.027) (1.042) (1.023) (0.986) (0.990) (1.026) (1.855) (1.031) (1.029) (1.012) (1.003)

254



Natural
capital

Physical
capital

Financial
capital

Climate
Perception

Social networks

Access institutional
support

Access to
information
Manage tree/forest

Decision over
farmlands

Farmland area

Land tenure system
Climate variability
Improved agricultural
practices

Farm machinery and
tools
Communication
systems
Infrastructure
Secondary
occupation

Value of livestock
Access to credit
Agricultural subsidy
Remittances
Precipitation
Temperature
Extreme events
Wald chi?

Prob > chi?
Pseudo R?

0.068%**
(1.070)
0.030%**
(1.030)
-0.097+*
(0.908)
9.12
0.000
0.043

0.003%**
(1.003)
0.012%*
(1.012)
-0.149% %%
(0.862)
0.075
(1.078)
0.029*
(0.971)
-0.034*
(0.967)
-0.020%%*
(0.980)
-0.107*#%
(0.899)
0.033
(1.034)
-0.047%*
(0.954)
-0.054
(0.947)
-0.052%#%
(0.949)
0.074%*
(1.077)
0.110%**
(1.116)
0.024
(1.024)
-0.033*
(0.968)
0.026%**
(1.026)
0.065%*
(1.067)
0.076%*
(1.079)
0.181%*
(0.834)
23.59
0.000
0.360

0.007%%*
(1.007)
0.009% %+
(1.009)
-0.091%*
(0.913)
1.040%*
(2.829)
0.014*
(1.014)
-0.007
(0.993)
-0.043%*
(0.958)
0.117%*
(0.890)
0.982%**
(2.670)
-0.164*
(0.849)
-0.038
(0.963)
-0.026%*
(0.974)
0.019%*
(1.019)
0.043%%x
(1.044)
0.502%*
(1.652)
-0.021
(0.979)
0.007%*
(1.007)
0.048% %
(1.049)
0.011%*
(1.011)
0.117
(1.124)
23.59
0.000
0.594

0.044%%
(1.045)
0.437%%
(1.548)
0.308% %
(1.489)
11.06
0.000
0.043

0.022*
(1.022)
0.044*
(1.045)
0.376
(1.456)
0.039*
(1.040)
0.118
(1.125)
0.133
(1.142)
0.055%*
(1.057)
0.009%
(1.009)
0.012
(1.012)
-0.055
(0.946)
0.048
(1.049)
0.011%*
(0.989)
0.081%%*
(1.084)
0.079%#+
(1.082)
0.018*
(1.018)
-0.000
(1.000)
0.027*
(1.027)
0.036*
(1.037)
0.299%
(1.349)
0.253%
(1.288)
17.6
0.000
0.377

0.013*
(1.013)
0.049%*
(1.050)
0.393
(1.481)
1.012%*
(2.751)
0.124
(1.132)
0.142
(1.153)
0.050%*
(1.051)
0.052%#+
(1.053)
0.008
(1.008)
-0.907
(0.404)
0.041
(1.042)
-0.001*
(0.999)
0.065%**
(1.067)
0.053%#+
(1.054)
0.005%*
(1.005)
-0.025
(0.975)
0.025*
(1.025)
0.037%*
(1.038)
0.273%5
(1314)
0.233%%
(1.262)
17.6
0.000
0.419

0.002
(1.002)
0372
(1.451)
0.391%*
(0.676)
7.03
0.000
0.027

20.015 20.006
(0.985) (0.994)
0.002 0.003
(0.998) (1.003)
0.205 0.175
(1.228) (1.191)
-0.031 -0.027
(0.969) (0.973)
-0.028 -0.038
(0.972) (0.963)
-0.057 0.073
(0.945) (0.930)
-0.052 -0.075
(0.949) (0.928)
0.224%* 0.271%*
(1.251) (1.311)
0.019* 0.002%#
(1.019) (1.002)
-1.223 -1.070
(0.294) (0.343)
-0.081 -0.068
(0.922) (0.934)
-0.090 -0.065
(0.914) (0.937)
0.194%* 0.188%*
(1.214) (1.207)
0.180 0.176
(1.197) (1.192)
0.019* 0.022%*
(1.019) (1.022)
0.017* 1.016%*
(1.017) (2.762)
0.027* 0.036*
(1.027) (1.037)
0.027 0.029
(1.027) (1.029)
0.256 0321
(1.292) (1.379)
0.233% 0288
(0.792) (0.750)
21.57 21.57
0.000 0.000
0.331 0.359

-0.041
(0.960)
0.253*
(1.288)
0411
(1.508)
225
0.000
0.046

20.057
(0.945)
0.043
(1.044)
0.443
(1.557)
0.144%%
(1.155)
0.026%*
(1.026)
0.043
(1.044)
-0.076%*
(0.927)
0.119
(0.888)
0.003*
(1.003)
1.271
(3.564)
0.130
(1.139)
0.040
(1.041)
0.057
(1.059)
0.026
(1.026)
0.013
(1.013)
0.086
(1.090)
0.017
(1.017)
-0.075
(0.928)
0.200*
(1.221)
0.371
(1.449)
7.97
0.000
0.289

0.073
(0.930)
1.343%*
(3.831)
0.405
(1.499)
0.174% %
(1.190)
0.018%*
(1.018)
0.055
(1.057)
0.043
(1.044)
-0.140
(0.869)
0.004%%*
(1.004)
1.113%*
(3.043)
0.134
(1.143)
0.031
(1.031)
0.033
(1.034)
-0.002
(0.998)
-0.004
(0.996)
0.070
(1.073)
0.015
(1.015)
-0.049
(0.952)
0.181%*
(1.198)
0.365
(1.441)
7.97
0.000
0.324

0.435% %
(1.545)
0.012%%+
(1.012)
0.037%%+
(1.038)
66.15
0.000
0.610

0.024%%*
(1.024)
0.014
(1.014)
0.063%*
(1.065)
0.026
(1.026)
-0.003
(0.997)
0.012
(1.012)
-0.008
(0.992)
0.060%%*
(1.062)
0.060
(1.062)
-0.946
(0.388)
0.145*
(1.156)
0.027
(1.027)
-0.049
(0.952)
0.021
(1.021)
-0.011
(0.989)
0.006
(1.006)
0.018
(1.018)
0.396%%*
(1.486)
0.070%**
(1.073)
0.099%%%
(1.104)
73.23
0.000
0.754

0.027%%*
(1.027)
0.012
(1.012)
0.089%*
(1.093)
0.013
(1.013)
0.005
(1.005)
0.025
(1.025)
0.018
(1.018)
0.046%*+
(1.047)
0.076
(1.079)
-1.137
(0.321)
0.138*
(1.148)
0.016
(1.016)
-0.033
(0.968)
0.040
(1.041)
-0.004
(0.996)
-0.004
(0.996)
0.012
(1.012)
0.387%%+
(1.473)
0.098%#*
(1.103)
0.125% %
(1.133)
7323
0.000
0.765

0.455%%%
(1.576)
0.004%%*
(1.004)
-0.011%*
(0.989)
78.66
0.000
0.748

0.014
(1.014)
0.012
(1.012)
0.054
(0.947)
0.019%*
(1.019)
-0.005
(0.995)
0.023%*
(1.023)
0.032
(1.033)
0.070%*
(1.073)
0.041%
(1.042)
-0.659
(0.517)
0.082
(1.085)
0.008
(1.008)
0.012%*
(1.012)
0.001%%%
(1.001)
0.022
(0.978)
0.023
(1.023)
0.004%*
(1.004)
0.422%%%
(1.525)
-0.032%%*
(0.969)
-0.056%*
(0.946)
84.03
0.000
0.810

0.014
(1.014)
0.009*
(1.000)
-0.031
(0.969)
0.010%*+
(1.010)
0.002
(1.002)
0.033%*
(1.034)
0.048
(1.049)
0.054%*
(1.055)
0.046**
(1.047)
-0.690
(0.502)
0.076
(1.079)
0.002
(1.002)
0.015%*
(1.015)
0.002%
(1.002)
-0.021
(0.979)
0.014
(1.014)
0.003% %
(1.003)
0.415%%x
(1.514)
-0.048%*
(0.953)
0.071%+
(0.931)
84.03
0.000
0.817

Note: *, ** *** indicate significant statistical levels of p < 0.1, p < 0.05, p < 0.01, respectively. Estimated Coefficient (B) and Odds Ratio (O.R.) are illustrated outside and

within parentheses.
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Supplementary material 4: Qualitative analysis of variables associated with strategy

adoption
Influence of livelihood capitals on the adoption to plant improved crop cultivars
Level of education

In particular, farmers who had completed tertiary studies in agriculture reported advantages

as follows:

... I had the opportunity to study agricultural science [after secondary school]. /
gained a deeper understanding of the scientific principles behind farming...about the
genetics of crops, soil health, and how to manage pests and diseases more effectively.
This knowledge has been invaluable in helping me select and plant improved crop
cultivars best suited to our local conditions.

Awaredone Youth FGD
Social networks
Farmers reported benefits from membership in these groups:

1t is challenging to be a woman in a patriarchal community like ours, especially when
accessing new agricultural technologies and knowledge. However, I have found
strength and shared previously inaccessible knowledge by joining our women’s
farming group... This solidarity has enhanced my farm’s productivity and given me a
voice in a space where women are often overlooked.

Yameriga Female FGD
Land tenure
Women and youth typically expressed the following comment during the discussions.

The biggest hurdle we face as youth and women is securing land for agriculture in
our patriarchal communities, where land ownership is predominantly in the hands of
older men. It is disheartening to have the knowledge and the drive to make a
difference but be held back by outdated practices...

Yameriga Youth FGD
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Infrastructure

Some farmers reported watching helplessly as inadequate water resources damaged their

Crops.
Our hopes were high with the completion of a new dam in our communit to support
our irrigation needs. Unfortunately, shortly after its completion, the dam broke setting
back our immediate planting plans and raising serious concerns about our
community’s capacity to support sustainable agricultural advancements.

Yameriga Male FGD

Remittances

A farmer reported:

The remittances I receive from my son enabled me to invest in improved crop
cultivars, which were once beyond my reach. Furthermore, the extra money has
allowed me to hire additional labour during peak seasons, ensuring the crops are

well-tended and harvested at the right time.
Awaredone Female FGD

Influence of livelihood capitals on the adoption of livelihood diversification
Level of education
Farmers that had completed higher levels of education reported advantages as follows:

Completing my university studies in business administration opened my eyes to the
vast potential outside traditional agriculture. I have set up a small supply chain for
agricultural inputs, diversifying my income and supporting the local farming

community by selling essential inputs.

Awaredone Youth FGD
Climate Variability
A farmer commented:

Climate variability has been a harsh teacher, but it has also opened my eyes to the

potential of combining agriculture with new income-generating activities.
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Awaredone Female FGD

Secondary occupation

Working as a carpenter has opened my eyes to the opportunities outside my farm’s
confines. The income I gained from carpentry enabled me to invest in poultry farming,
which requires less land and is less affected by the erratic weather patterns that
challenge our crop production. My experience has taught me that success in our

changing world.
Awaredone Youth FGD

Value of livestock

One farmer said:

I have started a small agribusiness that processes and sells livestock and livestock
products. Livestock’s stability, regarding its market, income and food security, has

enabled me to take risks and invest in this new venture.
Awaredone Male FGD

Influence of climate perception on the adoption to adjust planting calendar
Temperature

A farmer expressed:

To counter the impacts of rising temperatures, I have started planting later in the
season when the temperatures are slightly cooler and more conducive to seedling

growth.
Awaredone Male FGD

Extreme events
The discussions in Awaredone revealed:

Experiencing a devastating drought and a destructive flood within two years
compelled me to rethink when and what I plant. To adapt, I shifted my planting to

later in the season, aiming to avoid the peak times for these extreme events.

Awaredone Youth FGD
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Influence of livelihood capitals on the adoption to adjust planting calendar
Farming experience
A smallholder farmer reported:

My decades of farming in this community have shown me the critical need to be
flexible with my planting calendar. This strategic flexibility, born from years of
observing and learning from the land, has been vital in maintaining my farm
productivity.

Yameriga Male FGD

Social networks
A farmer commented:

Being a member of our women’s group has been invaluable for sharing insights and
strategies about when to plant, especially as the weather patterns become more
unpredictable. During our meetings, experienced farmers share their observations on
the changing climate, prompting us to adjust our planting calendar to better match
the onset of the rains. This collective wisdom has helped me avoid planting too early
or too late, ensuring my crops have the best chance to thrive.

Awaredone Female FGD
Climate variability
The farmers commented:

We no longer rely on our old calendar, which dictated planting times. I closely
monitor seasonal forecasts and adjust my planting schedule accordingly. Last season,
I delayed planting my groundnuts by several weeks to avoid the dry conditions
predicted by the local weather service. This adjustment paid off, as my crop took full
advantage of the late rains. Adapting our planting calendar based on current weather
trends and reliable information is essential for our survival and success in farming.

Yameriga Male FGD
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Influence of climate perception on the adoption to raise more livestock
Temperature
A farmer stated:

With temperature increasing year by year, my crops suffered tremendously, leading
me to rethink my reliance on crop farming alone. I noticed that my small herd of
goats was faring much better, even in drier conditions, prompting me to expand my
livestock holdings. The decision to raise more livestock, particularly goats and sheep
that are more resilient to variable weather conditions, has provided a more stable and

reliable source of income for my household.

Awaredone Male FGD
Influence of livelihood capitals on the adoption to raise more livestock
Value of livestock
This statement was encapsulating during the discussions:

After I became aware of the potential of livestock to provide a regular income through
the sale of meat, milk, and other livestock products—even when crops fail—motivated
me to raise more livestock to enjoy the multiple benefits of a crop-livestock integrated

farming system.
Yameriga Youth FGD
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Chapter Five

Supplementary material 1. Description of selected indicators of adaptive capacity

Capitals Description Indicators of adaptive capacity =~ Implications for adaptive capacity Sample sources
Human Human  capital encompasses Farming experience Human capital encompasses the DFID, 2000; Pagnani et al., 2021;
individuals’ skills, health, and Level of education necessary expertise and an optimal Ngaiwi et al., 2023; Tangonyire &
education, contributing to labour Household size blend of individuals capable of Akuriba, 2021
productivity and the capacity to Gender understanding the impacts of stressors
enhance, manage, and optimise Age and mobilising resources in response to
benefits derived from their multiple challenges.
resources.
Social Social capital encompasses the Community group Social capital facilitates connections DFID, 2000; Pagnani et al., 2021;
networks and supportive between local organisations and their Chepkoech et al., 2018; Zakaria et
relationships among individuals Access to information external counterparts, thereby improving al., 2020; Sarku et al., 2022
and  organisations, facilitating  Access to institutional support ~ the quality of communication and
collaboration, idea sharing, and networking among local and external
mutual assistance. Social networks entities.
Farmer networks
Natural Natural capital signifies the assets Land tenure system Natural capital forms the basis for Choden et al., 2020; Nawrotzki et

inherent to the nature of a specific

locale. It  represents  the
productivity of land, actions to
maintain this productivity, and the
utilisation of water and biological
which

resources on rural

Management of trees/forest
Farmland area

Decision over farmlands
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households’ livelihood activities, well-

being and employment.

al., 2012; Pagnani et al., 2021;
Zhang et al., 2022; Kandel et al.,
2022



Physical

Financial

livelihoods depend.

Physical capital consists of assets
generated by economic activities
using other forms of capital.
These assets may include
infrastructure that supports other
forms of capital, equipment, and
enhancements to genetic
resources such as crops and

livestock.

Financial capital refers to the
level, variability, and diversity of
income sources and access to
other financial resources, such as
credit and savings, collectively

contributing to wealth.

Climate variability

Communication systems
Infrastructure

Farm machinery and tools

Improved agricultural practices

Secondary occupation
Access to credit
Agricultural subsidy
Remittances

Value of livestock

Physical capital bolsters other forms of Ellis, 2000; Nawrotzki et al., 2012;
capital and connects local inhabitants, FAO, 2022
institutions, or businesses to the broader

world.

Prudent use and investment of existing Ellis, 2000; Williges et al., 2017;
funds and the pursuit and acquisition of Azad & Pritchard, 2022; Opoku
new funding sources enhance adaptive Mensah et al., 2023

capacity.
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Supplementary material 2. Intersection of indicators and socio-demographics

Human Capital
Indicator Intersecting factor(s) Rating X2 P-value
Women Men
0 69% 31%
1 549 469
Gender gender 3 Percentage 68‘;: 3 20/2 12.943 0.012
4 count 28% 72%
5 40% 60%
Women Men
15-35 36-59 >60 15-35 36-59 >60 years
years years years years years
0 0, V) o 0, 0,
Gender gender, age (1) i’s;(r:lt;ntage }ézl"//: 42%02 }Z"//Z 3(2 ;302 (5)02 32.489 0.038
3 5% 30% 32% 5% 5% 23%
4 3% 4% 20% 21% 7% 45%
5 8% 5% 27% 20% 10% 30%
Women Men
Low economic  High economic =~ Low economic High economic
status status status status
: 0 0 o0 0,
Gender f; rtllcllzr, economic (1) Percentage count 2202 12(2 42‘202 g(;; 49.274 0.001
3 18% 50% 9% 23%
4 20% 7% 21% 52%
5 0% 40% 20% 40%
No Formal Primary JHS SHS Tertiary
Education
Level of level of education 0 Percentage 60% 25% 10% 5% 0% 12.354 0.033
education 1 count 42% 25% 21% 6% 6% ’ ’
2 7% 11% 17% 26% 39%
4 12% 12% 14% 19% 43%
Women Men
Level gf gender, age Percentage 15-35 36 -59 >60 15-35 36-59 >60 years 33 543 0.004
education count years years years years years
0 10% 30% 39% 4% 2% 15%
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1 8% 21% 35% 4% 13% 19%
2 21% 15% 4% 35% 19% 6%
4 19% 5% 5% 36% 28% 7%
Women Men
Low economic  High economic ~ Low economic High economic
Level of gender, economic Percentage status status status status
education status ’ 0 count 49% 30% 15% 6% 38.519 0.001
1 41% 23% 21% 15%
2 8% 27% 23% 42%
4 5% 25% 17% 53%
15 — 35 years 36 — 59 years >60 years
0 14% 39% 47%
1 Percentage 8% 23% 69%
Age age 5 oeie 48 o 170, 25.612 0.001
3 67% 18% 15
4 61% 31% 8%
Women Men
15-35 36 -59 >60 15-35 36 -59 >60 years
years years years years years
V) 0, 0, o 0, 0,
Age gender, age (1) f(c)elr;;ntage g;‘: ?goﬁ égoﬁ; g;; ;02(: 1302 50.737 0.001
2 18% 30% 0% 30% 5% 17%
3 23% 7% 0% 44% 11% 15%
4 25% 13% 3% 36% 18% 5%
Note: 1) The Chi-square test’s absolute numbers were presented as percentages to facilitate direct group comparison.

2) To satisfy the condition of the Chi-square test, which stipulates that no group should have very few counts (refer to Onchiri, 2013), the P-value of the Fisher’s
Exact Test was reported in cases where any cell contained fewer than five counts rather than using the Pearson Chi-Square P-value.
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Social capital

Indicator Intersecting factor(s)  Rating 12 P-value
Women Men
Access to Percentage <2 hectares > 2 hectares <2 hectares > 2 hectares
o . gender, farmland area
information 0 count 37% 12% 31% 20% 11.337 0.697
1 16% 46% 8% 15%
Women Men
Indigene Migrant Indigene Migrant
Farmer gender, residential | Percentage 7% 19% 3% 3% 9.804 0.013
networks status count
3 36% 5% 54% 5%
4 39% 1% 53% 7%
Women Men
Low economic High economic Low economic High economic
Social q ) P . status status status status
ocia gender, economic ercentage
14.908 0.021
networks status 1 count 9% 42% 6% 43%
4 37% 19% 26% 18%
5 11% 11% 78% 0%
Women Men
Access to Percentanc 15-35 36-59 >60 15-35years 36-59 >60 years
institutional ~ gender, age count £ years years years years 18.072 0.002
support 0 3% 25% 33% 9% 11% 19%
1 9% 14% 36% 5% 9% 27%

266



4 12% 25% 8% 23% 28% 4%

5 13% 27% 7% 40% 13% 0%
Women Men
Yes No Yes No
ﬁiififliial group membership ‘ Percentage e e e 2% 18.121 0.034
support 1 count 27% 32% 18% 23%
4 33% 12% 38% 17%
5 50% 7% 40% 3%

Note: 1) The Chi-square test’s absolute numbers were presented as percentages to facilitate direct group comparison.
2) To satisfy the condition of the Chi-square test, which stipulates that no group should have very few counts (refer to Onchiri, 2013), the P-value of the Fisher’s
Exact Test was reported in cases where any cell contained fewer than five counts rather than using the Pearson Chi-Square P-value.
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Natural capital

Indicator Intersecting Rating x2 P-value
factor(s)
Women Men
Land 0 Percentage 81% 19%
gender
tenure 1 count 82% 18% 69.849 0.001
2 6% 94%
Women Men
15-35 36 -59 >60 years 15 — 35 years 36-59  >60 years
Land Percentage years years years
tenure gender, age 0 count 15% 45% 21% 4% 13% 20 20 0.001
1 15% 46% 21% 3% 12% 3%
2 0% 4% 2% 44% 42% 8%
Women Men
Land ender. marital Percentage Single Married Widowed Single Married ~ Widowed  Divorced
- s 0 e TS 2% 55% 24% 4% 15% 0% 0%  81.885 0.001
1 6% 30% 46% 0% 12% 6% 0%
2 0% 4% 2% 10% 66% 16% 2%
Women Men
15-35 36 -59 >60 years  15-35 36 -59 =60 years
Decision Percentace years years years years
over gender, age 0 count £ 41% 25% 13% 13% 8% 0% 35.229 0.002
farmlands 2 6% 56% 13% 0% 25% 0%
3 13% 17% 26% 0% 9% 35%
4 8% 6% 22% 9% 19% 36%
Women Men
Climate Percentage 15-35 36 -59 >60 years  15-35 36 -59 >60 years
variability gender, age count years years years years 4.231 0.517
0 7% 27% 13% 23% 24% 6%
1 13% 34% 15% 13% 23% 2%

Note: 1) The Chi-square test’s absolute numbers were presented as percentages to facilitate direct group comparison.
2) To satisfy the condition of the Chi-square test, which stipulates that no group should have very few counts (refer to Onchiri, 2013), the P-value of the Fisher’s

Exact Test was reported in cases where any cell contained fewer than five counts rather than using the Pearson Chi-Square P-value.
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Physical capital

Indicator Intersecting factor(s) Rating x2 P-value

Women Men

Communication 0 Percentage 63% 37%
system gender 1 count 46% 54% 7.978 0.019

2 17% 83%

Women Men

Low economic  High economic =~ Low economic High economic

Communication gender, economic Percentage status status status status
system status 0 count 51% 12% 23% 14% 19.673 0.003

1 31% 15% 42% 12%

2 0% 17% 33% 50%

No Formal Primary JHS  SHS Tertiary

Communication . Percentage Education

system level of education 0 count 40% 20% 17%  17% 6%
1 49% 19% 23% 4% 5% 17.674 0.024

2 8% 17% 17%  25% 33%

Low economic status High economic status

0 100% 0%

Improved . 1 Percentage 100% 0%
agr1cpltural economic status 2 count g 29% 71% 14.089 0.015

practices 3 18% 82%

4 47% 53%

5 26% 74%

Note:

1) The Chi-square test’s absolute numbers were presented as percentages to facilitate direct group comparison.

2) To satisfy the condition of the Chi-square test, which stipulates that no group should have very few counts (refer to Onchiri, 2013), the P-value of the Fisher’s
Exact Test was reported in cases where any cell contained fewer than five counts rather than using the Pearson Chi-Square P-value.
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Financial capital

Indicator Intersecting Rating 12 P-value
factor(s)
Women Men
Secondary 2 44(;%’ 56((:%’
occupation gender i Percentage count ;g(;z 2;‘0;: 19.751 0.001
5 22% 78%
No Formal Education Primary JHS SHS Tertiary
2 64% 18% 18% 0% 0%
Secondary 1\l of education 3 Percentage 7% 9% 15% 21% 48% 17.880 0.008
occupation count
4 4% 9% 18% 29% 40%
5 9% 9% 18% 19% 45%
Women Men
Yes No Yes No
Access to gender, group 0 Percentage 0% 43% 18% 39%
. . 25.333 0.003
credit membership 1 count 21% 36% 16% 27%
3 30% 23% 29% 18%
4 56% 11% 22% 11%
Women Men
15-35 36 -59 >60 years 15-35 36-59  >60 years
. Percentage
Remittances  gender, age count years years years years 8.842 0.047
0 10% 15% 33% 5% 13% 24%
4 21% 12% 7% 34% 24% 2%
1to5 6to 10 11to 15 16 to 20
Remittances  household size 0 57% 33% 9% 1% 2.513 0.022
4 2% 10% 43% 45%
Women Men
Remittances  residential status 0 ESE:Emage Indlgzr;/eo Mlgsr;;: Indlgir;/i Ml%:?(r)z 11.125 0.011
4 36% 5% 45% 14%

Note: 1) The Chi-square test’s absolute numbers were presented as percentages to facilitate direct group comparison.

2) To satisfy the condition of the Chi-square test, which stipulates that no group should have very few counts (refer to Onchiri, 2013), the P-value of the Fisher’s
Exact Test was reported in cases where any cell contained fewer than five counts rather than using the Pearson Chi-Square P-value.
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Chapter Six
Supplementary material 1

Institutional accessibility
Capacity building
1. A KDC staff member shared:

Our awareness and sensitisation programmes focus on practical, climate-smart
agriculture techniques, reaching hundreds of farmers across the district. We have seen
remarkable progress in how these farmers adapt to the impacts of climate change on
their livelihoods.

KDC staff member

2. The quote below from a WOM staff member explains the importance of such groups in

supporting farmers’ livelihoods and adaptation activities:

We promote savings groups because they empower farmers, especially women, by
giving them the financial resources and support networks needed to invest in their
farms and adapt to changing climate conditions. These groups provide a safety net by
encouraging farmers to pool resources, making it easier for them to access cheaper
loans and invest in climate-smart practices.

WOM staff member
Technology transfer

3. A staff member explained:
Aquaculture requires reliable water sources, and in a semi-arid district like ours,
consistent access to water is a major challenge. Our priority is to help farmers
improve crop and livestock production, which are more in line with their needs and
better suited to the district’s local conditions and natural resources.

TDA staff member
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Input supply

4. A staff member of TDA commented:

One of the challenges we face with subsidies is that they do not always reach the
farmers who need them the most. Due to issues like favouritism, logistical barriers,
and limited resources, more connected farmers often benefit, while the most
vulnerable smallholders are left out.

TDA staff member
Institutional linkages
Institution-to-institution linkages

5. A representative of WVG explained the institution’s role in international market

development as:

We aim to connect farmers in the Talensi district to international markets to increase
their income and expose them to higher standards and practices, which drives the
adoption of more sustainable and resilient farming methods. By linking them to global
buyers, we help them become competitive and better equipped to withstand climate-

related challenges.

WVG staff member
6. Explaining this trend, a staff member from the FTC remarked:

Each institution has its own priorities and targets to meet, and we often do not
coordinate because of the different timelines and mandates. However, we recognise
that working together would streamline our efforts and achieve greater impact.

FTC staff member
Institutions-to-farmers linkages
7. A WVG staff member added:

We are driven by specific development goals, such as empowering vulnerable groups,
promoting gender equality, and supporting marginalised communities. We often work
closely with local communities to identify the most vulnerable populations, tailoring

our interventions to address their unique needs and challenges directly.
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WVG staff member
8. A TDA staff member reported:

As a public institution, we ensure our presence in every community, aiming to
promote comprehensive development. However, reaching every farm household
remains challenging due to logistical, funding and personnel constraints.

TDA staff member

273



Supplementary material 2

Adoption and sustainability of institutional adaptation actions

1. The staff commented:

Honey is a highly sought-after product with established markets both locally and in
larger towns. The demand for natural, organic honey and related products like
beeswax has steadily grown, making beekeeping a viable and profitable adaptation

action among farmers.

WVG staff member

2. A WOM staff member said:

Shea butter has a ready market locally and internationally, especially in the cosmetics
and food industries. This market demand encourages farmers and women’s groups to
engage in sustainable shea tree management and butter production and processing.

WOM staff member

3. A WVG staff member commented:

Interventions must include strategies to secure ongoing funding, such as building
local savings groups, accessing microloans, or generating income through value-
added activities. Such actions tend to be more relevant, accepted, and sustained

without constant external support.

WVG staff member
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Supplementary material 3

Operational challenges of institutions
Resources
1. A staff member from DoA stated:

We face significant challenges where other institutions offer farmers allowances at
their training workshops. Our inability to provide such incentives skews community
attendance and engagement, resulting in lower participation rates. Such practice
severely impacts our ability to disseminate vital climate information.

DoA staff member

Planning
2. A TDA staff member highlighted......

While we recognise market/private and civic/civil society institutions’ valuable
contributions to climate adaptation in the district, integrating their adaptation plans
into our formal planning processes is challenging due to differing operational
timelines and priorities. They often initiate actions rapidly in response to immediate
community needs, whereas government planning cycles are longer and require

extensive bureaucratic approvals.

TDA staff member

Transparency

3. For example, a DoA staff member noted the perceived inefficacies in their beneficiary

selection processes:

Despite our efforts to facilitate a democratic beneficiary selection process to ensure
inclusiveness and transparency, we are aware of ongoing concerns about nepotism
and favouritism. We admit there are instances where our adherence to these
democratic principles has not led to the intended outcomes to reach the most

vulnerable farmer. We are actively looking for ways to improve these processes.

DoA staff member
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