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[bookmark: _Toc139394021][bookmark: _Toc181560911]ABSTRACT
This study explored smallholder farmers' knowledge of climate change, perceived risks of climate change on smallholder farming, and adaptation strategies in the Nandom Municipality of Ghana's Upper West Region. The study was guided by the assumption that farmers’ knowledge of climate change and its impacts on smallholder farming activities influence farmers' adaptation strategies. The study draws on the cultural theory of risk to changing climate, the Action Theory of Climate Change and adaptation and the sustainable livelihood framework and progresses with the development of a conceptual framework that illustrates the interplay between climate change manifestations and agricultural practices. Subsequently, the study employed a qualitative research approach for data collection and analysis. Multiple sampling techniques were employed to select the participants for the study. An interview guide was used as the data collection tool. The data collected were analysed thematically. The findings of the study revealed that male and female smallholder farmers in the Nandom Municipality exhibit knowledge of climate variability and change which they revealed manifest in delays in rainfall, erratic patterns, prolonged droughts, and flooding as manifestations of climate change. The findings also indicate that climate change affects men and women differently because of disparities in their roles, responsibilities, and power relations. Additionally, the study revealed that women employ more off-farm adaptation strategies such as shea-butter extraction and processing, pito-brewing, cake-making, soap-making, tailoring, and hairdressing and men employ more on-farm strategies such as cultivating early yield crops, using organic and inorganic fertilizers, and ploughing in ridges. Farmers’ choice of adaptation strategies is influenced by the socio-cultural, economic, political, education, asset control and social capital of farmers. The study recommends that farmers be provided with climate-resilient animal breeds and crop species at subsidized prices and that communities should come up with gazetted bylaws to protect the natural environment. 
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[bookmark: _Toc181560920]1.1 Background to the Study
In recent years, climate change has emerged as one of the most significant threats to human survival, with profound implications for ecosystems, economies, and societies worldwide (Emeka, 2008; Zhu & Zhou, 2010; Adger et al., 2013). Extensive evidence suggests that the impacts of climate change are felt across both industrialized and developing nations, with considerable economic, social, and environmental consequences (Kebede & Gizachew, 2017; Kompas et al., 2018; Kahsay et al., 2019). The Intergovernmental Panel on Climate Change (IPCC) highlights that although climate change affects all regions globally, its nature, intensity, and impact differ within and across various geographical locations, with poor and developing countries being particularly vulnerable due to their limited adaptive capacities and dependence on climate-sensitive sectors like agriculture (FAO, 2012; IPCC, 2014).
The African continent is among the regions most susceptible to the adverse effects of climate change, owing to a combination of climatic variability, fragile ecosystems, and socio-economic challenges (Bedeke, 2023). Smallholder farming, which forms the backbone of rural livelihoods in Africa, is especially at risk, as it is predominantly rainfed and relies heavily on stable climatic conditions (Antwi-Agyei & Nyantakyi-Frimpong, 2021). Rising temperatures, erratic rainfall patterns, frequent droughts, and extreme weather events such as floods exacerbate the challenges faced by smallholder farmers, threatening food security, agricultural productivity, and overall rural livelihoods (Yiridomoh et al., 2021a; Asare-Nuamah & Mandaza, 2020). As these climatic changes continue to intensify, smallholder farmers in Africa are increasingly forced to adopt adaptive strategies to cope with the growing risks associated with changing weather patterns.
However, there is a dearth of comprehensive empirical studies that examine the perceived risks and adaptive strategies employed by smallholder farmers in the face of climate change across different agroecological zones in Africa. As Paulos and Belay (2018) argue, the adoption and effectiveness of climate change adaptation strategies among smallholder farmers are shaped by a multitude of factors, including agroecological settings, socio-economic characteristics, institutional frameworks, and demographic factors. Moreover, the diversity in cultural, economic, and environmental conditions across different regions influences the nature and extent of adaptive responses. For example, while some farmers might diversify crops or engage in irrigation practices, others might resort to altering planting schedules or seeking off-farm employment to cushion against climatic shocks (Derbile, Chirawurah & Naab, 2022a). There is a pressing need to address the socio-cultural and contextual dimensions of smallholder farmers’ adaptation strategies to ensure they are not only effective but also sustainable in the long term.
Ghana has not been spared from the detrimental effects of climate change, as the country experiences significant shifts in temperature, rainfall variability, and increased occurrences of extreme weather events (Asare-Nuamah & Mandaza, 2020). Smallholder farmers in Ghana, who constitute a large proportion of the rural population, are particularly vulnerable due to their reliance on rainfed agriculture (Derbile et al., 2022a). The impacts of climate change manifest in various ways, including reduced crop yields, livestock losses, and heightened food insecurity. For instance, research by Napogbong (2019) highlights how climatic changes have adversely affected cattle production, leading to a decline in livestock productivity and associated livelihood disruptions.
Smallholder farmers in Ghana have historically employed a range of coping mechanisms to manage climate-related risks. These include adopting drought-resistant crop varieties, changing planting and harvesting times, engaging in mixed farming, and utilizing indigenous knowledge to predict weather patterns (Alhassan et al., 2018). Despite these efforts, the growing unpredictability of climatic conditions often outpaces the efficacy of traditional adaptation practices, necessitating the development of more robust, science-based adaptation strategies. The gaps in adaptation measures, as highlighted by Derbile et al. (2022a), stem from the lack of comprehensive assessments of smallholder farmers’ vulnerability at the community level, resulting in a bias in the implementation of adaptation policies at the national and regional levels.
The success of climate change adaptation efforts largely depends on smallholder farmers’ perceptions and knowledge of climate-related risks. According to Assan et al. (2020), understanding how farmers perceive climate change is crucial for designing effective adaptation strategies. This is because perception influences decision-making processes and the willingness of farmers to adopt specific adaptation measures. Studies in Ghana have shown that while smallholder farmers are aware of the climate changes, their perceptions regarding the causes and appropriate responses often vary (Asante et al., 2021; Aidoo et al., 2021; Appiah & Guodaar, 2022). These variations are influenced by factors such as age, educational background, access to climate information, and previous experiences with climate-related shocks (Appiah et al., 2018).
The interaction between perceived risks, knowledge levels, and adaptation strategies underscores the need for location-specific studies that explore how smallholder farmers understand and respond to climate change. For example, Alhassan et al. (2018), emphasize the importance of examining gender dynamics in the context of climate adaptation, as men and women often experience and respond to climatic risks differently due to distinct socio-cultural roles and access to resources.
Adaptation to climate change is not a one-size-fits-all approach. In rural communities, the choice of adaptation strategies is often influenced by local realities, including social networks, cultural beliefs, and the availability of resources (Owen, 2020). Smallholder farmers in the Nandom Municipality of Ghana, for instance, operate within an agroecological setting characterized by semi-arid conditions and limited access to water resources (Ghana Statistical Service (GSS), 2014). This makes them particularly vulnerable to the adverse effects of climate change, as prolonged dry spells and erratic rainfall patterns directly threaten their agricultural livelihoods. Consequently, understanding how farmers in this locality perceive climate risks and the adaptation strategies they employ is critical for designing contextually relevant interventions that can enhance resilience and sustainability.
[bookmark: _Toc181560921]1.2 Problem Statement  
In both developed and developing countries, climate change has significant impacts on agricultural production, manifesting in rising temperatures, irregular and unpredictable precipitation patterns, and resulting in droughts and water scarcity (Alhassan et al., 2018). Africa's agricultural ecoregions, including semi-arid areas, face considerable challenges as temperatures rise and precipitation declines (Gbegbelegbe et al., 2017). These changes threaten sustainable development by affecting the availability of fresh water, agricultural productivity, and other essential natural resources (Thinda et al., 2020). Consequently, researchers have shown growing concern about the increasing vulnerability of smallholder farmers to climate change and the strategies they use to adapt and mitigate its impacts (Derbile et al., 2022b; Antwi-agyei & Nyantakyi-Frimpong, 2021; Asare-Nuamah et al., 2021; Aryal et al., 2020).
In Ghana, the adverse effects of climate variability and change are pronounced, particularly in northern regions where agriculture is predominantly rain-fed. Northern Ghana faces a higher vulnerability to climate change compared to other parts of the country due to limited adaptive capacity and inadequate agricultural infrastructure (Ministry of Environment, Science, Technology, and Innovation (MESTI), 2013; Stanturf et al., 2014). Smallholder farmers in these areas are at heightened risk, given their reliance on rain-fed agriculture and the increased frequency of extreme weather events. While there is substantial research on smallholder farmers’ perceptions of climate change, as well as their awareness and adaptive responses (Kichamu et al., 2017; Jezeer et al., 2019), the existing studies often emphasize general vulnerabilities and adaptation practices at a broader scale. There is still a need to delve deeper into the local dynamics that influence farmers’ understanding and responses at the community level.
Despite the available research, there is insufficient emphasis on the specific contextual factors shaping smallholder farmers' knowledge, perceived risks, and adaptation strategies in particular regions such as the Upper West Region of Ghana. Few studies comprehensively address how socio-cultural, economic, and environmental factors influence smallholder farmers’ choices and effectiveness of adaptation strategies in specific localities like Nandom Municipality. Moreover, existing literature often overlooks how smallholder farmers' awareness and perceived risks interact with other factors, such as access to information, traditional knowledge, and community-based resources, to shape adaptation behaviors. This study aims to fill this gap by investigating smallholder farmers' knowledge of climate change, their perceived risks associated with climatic variability, and the adaptation strategies they employ within Nandom Municipality in the Upper West Region of Ghana. The study will explore how local experiences and perceptions affect adaptive behaviors, providing insights that could help enhance climate resilience for smallholder farming communities in the region.
[bookmark: _Toc181560922]1.3 Research Objectives
[bookmark: _Toc181560923]1.3.1 Main Research Objective
To explore the knowledge and perceived risk of climate change on smallholder farming and adaptation measures employed by smallholder farmers in the Nandom Municipality
[bookmark: _Toc181560924]1.3.2 Specific Research Objectives
The specific research objectives investigated include:
i. To examine the  perspectives of smallholder farmers regarding climate change in the Nandom Municipality of Ghana.
ii. To assess the perceived effects posed by climate change on smallholder farming in the Nandom Municipality
iii. To examine the adaptive strategies deployed by smallholder farmers to mitigate the vagaries of climate change in the Nandom municipality 
iv. To assess the factors that influence smallholder farmers’ decisions about their climate adaptation strategies in the Nandom Municipality.
[bookmark: _Toc181560925]1.4 Research Questions
[bookmark: _Toc181560926]1.4.1 Main Research Question
How does the knowledge and perceived risk of climate change impact smallholder farming and adaptation measures employed by smallholder farmers in the Nandom Municipality?
[bookmark: _Toc181560927]1.4.2 Specific Research Questions
The specific research questions investigated include:
i. What are the perspectives of smallholder farmers regarding climate change in the Nandom Municipality of Ghana?
ii. What are the perceived effects posed by climate change on smallholder farming in the Nandom Municipality?
iii. How does smallholder farmers in the Nandom Municipality adapt to vagaries of climate change?
iv. What factors influence smallholder farmers’ decisions about their climate adaptation strategies in the Nandom Municipality?
[bookmark: _Toc181560928]1.5 Significance of the Study
This study is significant because it seeks to provide an understanding of smallholder farmers' knowledge, perceived risks, and adaptation strategies in the Nandom Municipality amidst increasing climate variability. By analyzing the local dynamics that shape farmers' responses to climate change, the findings will not only contribute to the broader literature on smallholder agriculture and climate change adaptation but also offer valuable insights for practical and policy-oriented interventions. Specifically, the study's contributions are in threefold:
The study added to the body of knowledge on smallholder farmers' responses to climate change by examining the connection between farmers' knowledge, perceived risks, and adaptive behaviors in a localized context. Unlike many existing studies that focused on general trends at the national or regional level, this research provided context-specific insights into how socio-cultural, economic, and environmental factors shape smallholder farmers' understanding and responses to climate change in the Nandom Municipality. By doing so, the study filled a gap in the literature concerning the micro-level factors influencing adaptation, thus serving as a valuable reference for future research and guiding scholars interested in exploring the specificities of climate change adaptation at the community level.
The findings of the study are instrumental for policymakers, particularly those within the Nandom Municipal Department of Agriculture, in formulating and refining climate adaptation policies that are tailored to the unique challenges and conditions of the local context. The research highlighted the specific risks perceived by smallholder farmers, the existing adaptation practices, and the barriers to effective adaptation. This information would help policymakers design interventions that address these barriers, improve access to relevant climate information, and promote agricultural practices that are more resilient to climate change. Ultimately, these tailored strategies could enhance agricultural productivity, improve farmers' livelihoods, and contribute to ensuring food security in the region.
By providing insights into how smallholder farmers adapt to climate change, the study can help identify strategies that could increase agricultural production and promote sustainable farming practices. Improved adaptation strategies can lead to more stable and increased agricultural yields, which would boost income levels and contribute to local economic development. The study also provided evidence-based recommendations for enhancing the resilience of smallholder farming systems, which could support the diversification of livelihoods and reduce the economic vulnerability of farming households in the Nandom Municipality. This can have a multiplier effect on the local economy, fostering a more sustainable and resilient economic base for the community.
[bookmark: _Toc181560929]1.6 Scope of the Study
[bookmark: _Hlk155269397]Geographically, the study was conducted in the Nandom Municipality of the Upper West Region of Ghana. In the Municipality, over 85% of the households are engaged in agricultural activities as their livelihood (Ghana Statistical Service (GSS), 2014). The study focused on gender dimension of small-scale farmers in the Nandom Municipality. The idea of gender includes all traits that are socially and culturally, rather than physiologically, defined. This corresponds to patterns where women are typically marginalized over men because of how society defines acceptable behavior and how women and men have access to authority (Shekhawat, 2018). The concept of "gender" is used in comparison to "sex" to emphasize social roles and interactions between men and women rather than the biological differences between the sexes. Gender relations are social interactions between men and women that go beyond simple gender differences. These include ways that male and female social categories interact in every area of social interaction, such as how they influence resource availability, power, participation in cultural, religious practices and farming activities. Conceptually, the study assessed smallholder farmers’ undestanding of climate change, perceived risks, and the adaptation measures employed in response to the observed changes in the climate. 
[bookmark: _Toc181560930]1.7 Organisation of the Study
The study has been structured into five (5) chapters. Chapter one presents the introduction to the thesis providing a background, problem statement, research questions and significance. Chapter two contains the literature review of concepts, empirical, theoretical foundations of the study and conceptual framework adopted for this study. Chapter three presents the methodology adopted in carrying out the study. In particular, the chapter covers the study profile area, research approach, philosophy, design, sampling, data collection, and analysis in addition to ethical considerations. Chapter Four presents the study's conclusions and explanations of those conclusions. Chapter 5 presents a summary of the study's main findings, conclusions, and suggestions in addition to the study's contribution to knowledge.
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[bookmark: _Toc181560932]LITERATURE REVIEW
[bookmark: _Toc181560933]2.1 Introduction
This chapter presents a review of the concepts, theories, and empirical literature that direct the study. This study has been guided by an analysis and application of the action and cultural theories of climate change adaptation and risks, as well as the sustainable livelihood framework. To direct the course of the investigation, a conceptual framework has been developed based on theories and conceptual literature. Again, the chapter reviews empirical literature on smallholder farmers' undestanding of climate change, perceived dangers of climate change on smallholder farming, the adaption strategies, and the factors influencing farmers’ choice of adaptation strategies.
[bookmark: _Toc181560934]2.2 Outline of Main Concepts Reviewed
i. Overview of Climate variability and change
ii. Climate Change and Agriculture
iii. Perceptions of Climate Change Among Smallholder Farmers
iv. Climate Change Adaptation Strategies
v. Community-based adaptation
vi. Vulnerability and Resilience of Smallholder Farmers
[bookmark: _Toc181560935]2.3 Overview of Climate Variability and Change
Climate change refers to long-term alterations in temperature, precipitation, wind patterns, and other elements of the Earth's climate system over several decades or longer (Ahmed et al., 2023). The Intergovernmental Panel on Climate Change (IPCC) (2013) describes climate change as a change in the state of the climate that persists for an extended period, typically decades or longer, caused by shifts in the mean and/or variability of its properties. This alteration may result from natural internal processes or external forces such as variations in the solar cycle, volcanic activity, or significant human-induced changes in atmospheric composition or land use (IPCC, 2018). Similarly, Turner et al. (2020) highlight that climate change encompasses continuous shifts that impact global or regional climate conditions over extended timeframes.
Climate change manifests through shifts in climatic parameters such as temperature, precipitation, and the frequency of extreme weather events (Harvey et al., 2020). It is driven by complex interactions between natural and anthropogenic factors. Natural factors include variations in solar radiation and the Earth's orbital cycles, while human activities such as greenhouse gas emissions, land-use changes, and deforestation have increasingly contributed to observed changes over the past century (IPCC, 2014). These drivers interact in ways that exacerbate climate variability, which refers to the temporary changes in climate on a cyclical or irregular basis (World Meteorological Organisation, 2003).
Recent studies emphasize the urgency of addressing the impacts of climate change, especially in regions that are disproportionately vulnerable. For instance, in sub-Saharan Africa, and specifically Ghana's Northern Region, the agricultural sector is highly sensitive to climatic variations, affecting food security and livelihoods (Yaro, 2016; Asare-Nuamah, 2021; Asante et al., 2021). Research indicates that increased temperatures and changing precipitation patterns in this region have led to shifts in growing seasons, more frequent droughts, and heightened vulnerability of rain-fed agriculture (Ayanlade & Jegede, 2016).
The concept of climate variability involves changes in the frequency and intensity of specific weather patterns or events, such as temperature fluctuations, rainfall irregularities, or prolonged droughts (Seneviratne et al., 2021). It can be observed over a range of temporal scales, from seasonal to decadal (Khanal et al., 2021). Understanding climate variability is essential for interpreting the broader changes associated with climate change, as it highlights short-term deviations that can have significant cumulative impacts (Khanal et al., 2021).
In Ghana, particularly in the Savannah Ecological Zone, climate variability has profound effects on rural livelihoods due to the population's reliance on natural resources and rain-fed agriculture (Yaro, 2016). The high poverty levels in these areas exacerbate the impact of climatic changes, as low adaptive capacity limits the ability to cope with unpredictable weather (Yaro, 2016). More recent studies corroborate that rural farmers in the Savannah region experience more severe consequences of climate variability, including crop failures, reduced income, and food insecurity (Asare-Nuamah, 2021).
The drivers of climate change can be broadly categorized into natural and human-induced factors. Natural drivers include variations in solar energy output, volcanic eruptions, and changes in the Earth's orbit, which have historically contributed to climatic shifts over millennia (IPCC, 2014). However, since the industrial era, human activities have emerged as the predominant drivers of climate change, primarily through the emission of greenhouse gases (GHGs) such as carbon dioxide, methane, and nitrous oxide. These emissions originate from the burning of fossil fuels, industrial processes, and deforestation, resulting in an enhanced greenhouse effect that traps more heat in the atmosphere and alters weather patterns (Turner et al., 2020). 
Furthermore, land-use changes, including urbanization, agriculture expansion, and deforestation, have significant impacts on climate by altering the land's albedo, carbon storage capacity, and hydrological cycles (Hasan et al., 2020). The cumulative effect of these activities has accelerated global warming and increased the frequency and intensity of extreme weather events (Tripathy et al., 2023).
The consequences of climate change are not uniformly distributed, with poorer countries and vulnerable communities experiencing more severe impacts (Ngcamu, 2023). In Ghana, regions like the Northern Savannah are particularly affected due to the high prevalence of poverty and the dependence on rain-fed agriculture for livelihoods (Yaro, 2016). Recent studies reveal that climate change exacerbates existing development challenges, undermining efforts to alleviate poverty and achieve sustainable development goals (Nyantakyi-Frimpong & Bezner Kerr, 2015; Ouedraogo et al., 2020). The rural population's limited adaptive capacity is linked to inadequate infrastructure, lack of access to climate-resilient agricultural practices, and weak institutional support for climate adaptation initiatives (Matewos, 2020). This situation calls for targeted development efforts to enhance resilience and adaptive capacity in these regions. Strategies may include promoting climate resilience agricultural practices, investing in irrigation infrastructure, and strengthening community-based adaptation mechanisms (Sakapaji, 2021).
[bookmark: _Toc181560936]2.4 Climate Change and Agriculture
Climate change significantly impacts agriculture, influencing crop yields, livestock productivity, and the sustainability of farming systems worldwide (Wijerathna-Yapa et al., 2022). The relationship between climate change and agriculture involves both direct effects on crop growth and indirect effects mediated through changes in ecosystems, pests, and diseases (Skendžić et al., 2021). Climate change poses a considerable threat to agricultural productivity due to its effects on temperature, precipitation patterns, and the frequency of extreme weather events (Ahmed et al., 2023). Increased temperatures can accelerate the maturation of crops, potentially reducing yields, particularly for heat-sensitive crops such as maize and sorghum (Lobell & Gourdji, 2012). For instance, rising temperatures in Ghana's Savannah zone have been linked to declining maize yields due to shortened growing periods and increased evapotranspiration (Baffour-Ata et al., 2021). In addition, changing precipitation patterns disrupt traditional planting schedules, making it difficult for farmers to predict the best times for sowing and harvesting (Ayanlade & Jegede, 2016).
Recent studies indicate that sub-Saharan Africa, including Ghana, will experience more frequent droughts and erratic rainfall, which could exacerbate food insecurity and poverty (Dinko, 2017; Ouedraogo et al., 2020). The effects are more pronounced in rain-fed agricultural systems, which dominate the region. For example, extreme weather events such as floods and prolonged droughts have caused significant agricultural losses in Ghana, affecting smallholder farmers' livelihoods and exacerbating rural poverty (Nyantakyi-Frimpong & Bezner Kerr, 2015; Yiridomoh et al., 2021a).
The vulnerability of agricultural systems to climate change is shaped by socioeconomic, environmental, and institutional factors (Haro et al., 2021). In Ghana, smallholder farmers are particularly vulnerable due to their reliance on rain-fed agriculture, limited access to climate-resilient technologies, and weak infrastructure (Yaro, 2016). Vulnerability is further exacerbated by poverty, low adaptive capacity, and the lack of institutional support for climate adaptation measures (Yiridomoh et al., 2021b).
Further, adaptive capacity refers to the ability of farmers to adjust agricultural practices in response to changing climatic conditions (Chepkoech et al., 2020). It is influenced by access to resources, education, and institutional support. Research shows that areas with stronger social networks, better access to extension services, and climate information have higher adaptive capacities, leading to more resilient farming practices (Bryan et al., 2013). However, in many parts of Ghana, limited financial resources and knowledge gaps constrain farmers' ability to adopt adaptive measures, such as improved seed varieties, irrigation, and soil conservation techniques (Ouedraogo et al., 2020).
[bookmark: _Toc181560937]2.5 Perceptions of Climate Change Among Smallholder Farmers
Farmers' perceptions are often shaped by personal experiences, cultural beliefs, and the availability of information on climate-related issues (Nguyen et al., 2016). The literature reveals that smallholder farmers commonly perceive changes in weather patterns, such as increased temperatures, irregular rainfall, and more frequent extreme weather events, which align with scientific observations (Maddison, 2007). These perceptions, however, vary widely based on geographic location, socioeconomic factors, and access to climate information.
Smallholder farmers typically observe changes in temperature and rainfall patterns as the primary indicators of climate change (Olabanji et al., 2021). Studies have shown that these farmers frequently report noticing increased temperatures and more erratic rainfall, which impact the timing of agricultural activities such as planting and harvesting (Deressa et al., 2009). In sub-Saharan Africa, Mertz et al. (2009) found that many smallholder farmers perceived a shift towards shorter rainy seasons and more prolonged dry spells, affecting crop yields and food security. The recognition of these changes is often based on farmers' long-term experiences with their local climate, which influences their understanding and responses to the evolving environmental conditions.
Socioeconomic factors, such as education, gender, age, and farming experience, play a significant role in shaping perceptions of climate change among smallholder farmers (Jiri et al., 2015). Higher levels of education are associated with a greater awareness and understanding of climate change, as educated farmers are more likely to access climate information and comprehend its implications (Nhemachena & Hassan, 2007). Gender differences also influence perceptions; women may perceive climate risks differently from men due to their distinct roles in agriculture and household responsibilities (Ngigi et al., 2017). Age and farming experience contribute to how farmers interpret climate trends, with older farmers often relying on traditional knowledge to understand climate variability, while younger farmers may incorporate modern scientific information.
The availability of climate information and extension services significantly affects farmers' perceptions and responses to climate change (Fosu-Mensah et al., 2012). Access to reliable information on weather forecasts, climate trends, and adaptation techniques enhances farmers' ability to recognize climate risks and take proactive measures. Research by Tambo and Abdoulaye (2013) in West Africa shows that farmers who regularly receive extension services are more likely to perceive changes in climate patterns accurately and adopt climate-smart practices. Conversely, farmers with limited access to climate information may base their perceptions on anecdotal evidence or local myths, leading to misinterpretations of the causes and consequences of climate change (Tanyanyiwa, 2018).
Cultural beliefs and traditional knowledge systems also shape smallholder farmers' perceptions of climate change. In many rural communities, cultural beliefs about natural phenomena and environmental changes influence how farmers interpret climate variability (Etana, 2021). Some farmers may attribute changes in weather patterns to spiritual or supernatural causes, rather than human-induced factors (Ombati, 2021). While traditional knowledge can provide valuable insights into local climate patterns, it may sometimes conflict with scientific explanations, leading to differing views on climate change and its causes (Hosen et al., 2020). Integrating scientific knowledge with traditional practices is therefore important to enhance farmers' understanding and enable more effective adaptation.
Moreover, perceptions of climate change among smallholder farmers not only influence their awareness of climate risks but also determine their willingness to adopt adaptation strategies (Tesfahun & Chawla, 2020). Farmers who perceive climate change as a significant threat are more likely to implement adaptation measures, such as changing planting dates, diversifying crops, or adopting soil and water conservation techniques (Below et al., 2010). However, the adoption of these practices is often constrained by limited resources, lack of institutional support, and socio-cultural barriers. Studies indicate that even when farmers perceive the risks posed by climate change, they may not have the financial capacity or technical knowledge to adapt effectively (Bryan et al., 2009).
[bookmark: _Toc181560938]2.6 Climate Change Adaptation Strategies
Climate change adaptation strategies refer to actions taken to manage and reduce the adverse impacts of climate change while exploiting potential opportunities (Giri et al., 2020). These strategies are critical for enhancing the resilience of vulnerable communities, particularly smallholder farmers, who are disproportionately affected by the changing climate. The literature on climate change adaptation highlights a variety of approaches ranging from technological innovations and policy-driven interventions to community-based and ecosystem-based strategies, all aimed at reducing the risks and enhancing adaptive capacity (Dhyani et al., 2020; Mannocchi, 2023).
Technological adaptation strategies play a significant role in helping communities adjust to climate variability. These include the development and adoption of drought-resistant crop varieties, improved irrigation techniques, and the use of weather forecasting tools to inform farming decisions (Dhyani et al., 2020; Keshavarz et al., 2021). For instance, drought-tolerant maize varieties have been developed and promoted in sub-Saharan Africa as a means to maintain crop yields under drought conditions (Fisher et al., 2015). Similarly, advancements in irrigation technology, such as drip irrigation and water-saving techniques, are increasingly being utilized to address water scarcity issues in arid and semi-arid regions (Hanjra & Qureshi, 2010; Ambomsa. 2020). The adoption of these technologies has shown considerable success in enhancing agricultural productivity and reducing the vulnerability of farmers to climate-induced risks.
Policy-driven adaptation strategies are another critical area of focus in the literature. These strategies involve government and institutional actions aimed at creating an enabling environment for climate adaptation (Suhaeb et al., 2024). Policies that promote climate-resilient agricultural practices, provide financial incentives for sustainable land management, and integrate climate considerations into national development plans are key examples (Moser & Ekstrom, 2010). In many developing countries, governments are implementing national adaptation programs that support smallholder farmers through subsidies for climate-resilient inputs, crop insurance schemes, and training programs on sustainable agricultural practices (Kundu et al., 2024). Such policies not only encourage individual adaptation but also foster systemic changes that improve overall resilience to climate change.
Community-based adaptation strategies emphasize the role of local knowledge and social capital in building adaptive capacity (McNamara & Buggy, 2016; Dean et al., 2017). These strategies involve the active participation of communities in designing and implementing adaptation actions that are tailored to their specific contexts. Studies have shown that community-based adaptation approaches, which include the use of traditional farming techniques, local water management practices, and collective action, can be highly effective in addressing climate risks (Reid & Toffel, 2009; McNamara & Buggy, 2016; Dean et al., 2017). In rural agricultural communities, farmers have adopted practices such as agroforestry, crop rotation, and the use of organic fertilizers to enhance soil fertility and diversify livelihoods, thus reducing their dependence on a single crop (Awazi & Tchamba, 2019). The success of these strategies often hinges on strong local leadership, social cohesion, and access to relevant information (Roy, 2018).
Ecosystem-based adaptation (EbA) strategies focus on the sustainable management, conservation, and restoration of ecosystems to reduce the vulnerability of communities to climate change impacts (Chong, 2014). These strategies recognize the interconnectedness between human activities and natural systems, advocating for the use of ecosystem services as a cost-effective and sustainable way to adapt to climate change (Munang et al., 2013). For example, mangrove restoration in coastal areas has been used to protect communities from storm surges and coastal erosion, while also supporting local livelihoods through the sustainable harvesting of forest resources (Alongi, 2015). Similarly, reforestation and watershed management projects can improve water availability and reduce the risk of flooding and landslides in mountainous regions.
Despite the availability of various adaptation strategies, there are barriers that limit their effective implementation. These barriers include limited access to financial resources, inadequate institutional support, socio-cultural constraints, and a lack of technical knowledge among communities (Antwi-Agyei et al., 2015). According to Adger et al. (2009), overcoming these barriers requires a multi-level approach that integrates local initiatives with national and global policy frameworks, while also addressing the socio-economic drivers of vulnerability. Efforts to improve access to climate information, provide financial support through microcredit schemes, and foster capacity-building initiatives are crucial for scaling up successful adaptation practices (Adger et al., 2009).
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As the global community has come to realise that traditional, top-down initiatives have not always been successful in providing effective and sustained real benefits to vulnerable communities, community-based adaptation (CBA) responses are becoming more prevalent in the adaptation space (McNamara & Buggy, 2016; Dean et al., 2017). Although Huq and Reid (2007) coined the term community-based adaptation, the concepts behind bottom-up or community-based techniques are not new nor unique. These techniques have a long history and are used and studied in many different fields, including natural resource management (Measham & Lumbasi, 2013; Mountjoy et al., 2013; Mountjoy et al., 2016), tourism (Ruiz-Ballesteros, 2011; Sebele, 2010), and disaster risk management (Liu et al., 2016). Reid and Schipper (2014) assert that while CBA interventions aid in communities' adaptation to climate change, they must consider the effects of climate change that have already occurred as well as those that are yet to come.
Furthermore, CBA was described by Reid et al. (2009) as a community-directed process that revolves around the needs, capacities, knowledge, and priorities of the community. Its purpose is to empower individuals to anticipate and deal with the effects of climate change. CBA programmes aim to address the root causes of vulnerability within communities in addition to using the wealth of local knowledge and experience in tackling the specific implications of climate change (Ayers & Forsyth, 2009; Forsyth, 2013; Reid, 2016). Community-based adaptation, or CBA, must be guided by the community through self-identified methods rather than being restricted to community implementation. Despite community consultation, initiatives are nonetheless implemented as top-down techniques disguised as community-based because their objectives and priorities are set by entities external to the community (Reid & Schipper, 2014). In addition to addressing the underlying social, cultural, and political environment as well as vulnerabilities that may obstruct communities' ability to make decisions about their livelihoods in the face of climate change, CBA seeks to accomplish more than just reduce vulnerability to direct climate threats (Berger & Ensor, 2014). Thus, CBA initiatives use a range of strategies, such as social mobilisation and advocacy, disaster risk reduction, livelihood resilience (e.g., income diversification and agricultural technologies), building the capacity of government institutions and local civil society among others (Girot, Ehrhart & Oglethorpe, 2012). 
[bookmark: _Hlk158469024]Furthermore, the notion of community plays a crucial role in the analysis of CBA. It is noteworthy that a community could consist of a homogeneous, coherent, and unified collection of individuals (Buggy & McNamara, 2016; Yates, 2014). However, this assumption might not be accurate because communities are made up of both individuals and groups of people with a range of socio-political characteristics, such as different degrees of control and access to resources, political influence, decision-making, and services (like healthcare and education) (Piggott-McKellar et al., 2019). This makes some individuals or groups of persons within communities more disadvantaged and vulnerable than others, according to Arora-Jonsson (2011) and Berger & Ensor (2014). If communities are not considered in light of these current traits, there is a risk that this will reinforce and exacerbate already-existing disparities and degrees of marginalisation (Buggy & McNamara, 2016). Some have suggested reevaluating the use of the phrase "community-based" in favour of more precise designations like "people-centred" due to worries about the deceptive nature of the term community (Titz et al., 2018). This is particularly crucial to take into account because the populations susceptible to climate change are negatively impacted by climate change, and adaptation efforts have to focus on and assist these populations (Reid & Schipper, 2014). According to Yates (2014), CBA programmes should aim to understand communities as diverse groups with complex socio-political features rather than as a single, coherent unit. Similarly, it is critical for successful interventions to recognise that different communities have different adaptive capacities and coping mechanisms, which can be partially assessed by examining their peripherals (Nunn et al., 2014; McNamara et al., 2018; Nunn & Kumar, 2018). 
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Smallholder farmers, defined as those cultivating less than 2 hectares of land, play a critical role in global food security, particularly in developing countries (Fan & Rue, 2020). However, they face numerous challenges that render them vulnerable to various stressors, including climate change, economic fluctuations, and socio-political changes (Ngcamu, 2023). Understanding the dynamics of their vulnerability and resilience is essential for developing effective support mechanisms that enhance their capacity to adapt to these challenges (Kangogo et al., 2020).
Vulnerability in the context of smallholder farming encompasses a range of factors, including environmental, economic, social, and institutional dimensions (Bedeke, 2023). According to Lanlan et al. (2024), vulnerability can be understood as a function of exposure to risks, sensitivity to these risks, and the ability to cope with and recover from adverse impacts. Environmental vulnerability is particularly pronounced among smallholder farmers, who often depend on rain-fed agriculture (Derbile et al., 2022b). Research by Morton (2007) indicates that changes in temperature and precipitation patterns can severely affect agricultural productivity, leading to reduced crop yields and increased food insecurity (Ahmed et al., 2023). Economic vulnerability is another critical concern; many smallholder farmers lack access to credit, insurance, and markets, limiting their ability to invest in more resilient agricultural practices (Shiferaw et al., 2014). The economic implications of such vulnerabilities are profound, as reduced incomes can lead to increased poverty and decreased investment in essential resources (Birkmann et al., 2022).
Social dynamics significantly influence the vulnerability of smallholder farmers as well. Factors such as gender, education, and access to information can determine how different households respond to challenges (Perez et al., 2015). Azong et al. (2018) highlight that women farmers often face higher levels of vulnerability due to limited access to resources, which affects their productivity and resilience.
Further, empirical studies identified various strategies employed by smallholder farmers to build resilience. Stringer et al. (2009) found that diversification of crops and income sources is a common strategy that helps farmers mitigate risks associated with climate variability. Additionally, innovative practices such as conservation agriculture and agroecology have been shown to promote sustainability and resilience (Mastrorillo et al., 2016). However, smallholder farmers often encounter barriers that hinder their ability to adapt effectively. These challenges include a lack of access to resources, inadequate support from local and national governments, and cultural and social norms that may resist change (Antwi-Agye et al., 2015). Duncan (2014) emphasizes the need for policies that support smallholder farmers in adapting to climate change and enhancing their livelihoods.
Several case studies illustrate successful resilience-building initiatives among smallholder farmers. For instance, Baffour-Ata et al. (2023), present findings from East Africa, where training programs on climate-smart agriculture have significantly improved farmers' adaptive capacity. Similarly, Kassie et al. (2013) demonstrate that access to information and technology can lead to improved agricultural practices and greater resilience to climate change. These examples highlight the importance of integrating local knowledge and innovative practices with scientific research to develop effective strategies for enhancing resilience.
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The Knowledge, Attitude, and Practice (KAP) model is a framework used to understand how individuals' knowledge influences their attitudes and, subsequently, their practices. It suggests that increased knowledge about an issue shapes attitudes, which in turn guide behaviors or practices. This model is relevant in examining climate change adaptation among smallholder farmers, as it helps explain how their awareness of climate risks influences their attitudes towards these risks and informs their adaptation strategies. This review briefly discusses the KAP model's components and its relevance to understanding climate adaptation behaviors in agricultural contexts.
[bookmark: _Toc181560942]2.9.1 Knowledge Attitude and Practice (KAP) Model
The Knowledge Attitude and Practice (KAP) model asserts that knowledge precedes attitude, which then influences practice, establishing a sequential link that may be examined to guide agricultural interventions and policies (Orrie, 2023). For smallholder farmers, knowledge includes awareness and comprehension of climate change effects, adaptation methods, and optimal agricultural techniques. Studies indicate that smallholder farmers frequently have an insufficient understanding of climate change and its agricultural consequences, which directly impairs their capacity to implement effective adaptation methods (Frimpong et al., 2021). Research in Ghana indicates that farmers' understanding of pests and illnesses substantially affects their management techniques, suggesting that increasing knowledge can enhance agricultural results (Frimpong et al., 2021). This corresponds with findings from other areas, where heightened awareness of biosecurity measures among farmers has been associated with improved management practices (Young et al., 2017). 
Attitude, the second element of the KAP model, denotes the thoughts and emotions that farmers possess concerning climate change and its related hazards. Favourable perceptions of climate-adaptable agricultural practices can promote the use of new solutions that improve resistance to climate variability. A research in Taiwan indicated that farmers' perceptions of smart agriculture technologies were notably affected by their understanding of climate change and food security (Chuang et al., 2020). This indicates that promoting a positive mindset via focused education and awareness initiatives can increase the probability of smallholder farmers in Nandom Municipality adopting sustainable practices. 
The final element of the KAP model, practice, pertains to the actual behaviours and activities undertaken by farmers in reaction to their knowledge and attitudes. Research indicates a frequent disparity between knowledge and practice, wherein farmers may recognise optimal methods but neglect to use them due to constraints such as economic concerns, resource limitations, or societal effects (Muleme et al., 2017; Fairuz et al., 2017). A study on pesticide usage in Uganda indicated that, despite awareness of safe techniques, numerous farmers failed to adopt them due to perceived obstacles (Muleme et al., 2017). This highlights the necessity of not only imparting knowledge but also tackling the actual obstacles that farmers encounter in executing adaptive solutions. 
The KAP methodology can be employed to pinpoint knowledge deficiencies and misunderstandings among smallholder farmers in Nandom Municipality regarding climate change adaptation. Through the implementation of a KAP study, the researcher collected data regarding farmers' comprehension of climate change, their perspectives on adaptation techniques, and the practices they presently utilise. This information can subsequently be utilised to develop customised treatments that augment knowledge, alter attitudes, and eventually boost practices. Educational initiatives emphasising the advantages of climate-resilient agriculture may foster a more favourable disposition among farmers, resulting in heightened adoption of sustainable methods (Chuang et al., 2020). 
Additionally, the KAP model facilitates the analysis of perceived hazards related to climate change. Comprehending farmers' perceptions of hazards associated with climatic variability, including droughts and floods, helps guide the formulation of risk management strategies. Studies indicate that farmers' risk perceptions substantially affect their adaptation decision-making processes (Fairuz et al., 2017). Integrating risk perception into the KAP framework enables researchers to understand how farmers prioritise various adaptation techniques according on their risk comprehension. 
The implementation of the KAP model can also aid in identifying socio-economic factors that affect knowledge, attitudes, and practices. Research has demonstrated that socio-economic position, educational attainment, and resource accessibility significantly influence farmers' knowledge, attitudes, and practices about agricultural methods (Shigihalli et al., 2022; Liao et al., 2022). By evaluating these criteria, interventions can be formulated to address particular groups of farmers who may be more susceptible to the effects of climate change, so ensuring that adaption measures are fair and inclusive. 
The Knowledge, Attitude, and Practice (KAP) model functions as a theoretical framework for examining the dynamics of smallholder farmers' knowledge, perceived risks, and climate change adaptation strategies. This paradigm is crucial for comprehending the impact of farmers' knowledge on their attitudes and, in turn, their practices related to agricultural adaptation to climate change. 
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[bookmark: _Toc181560944]2.10.1 Smallholder farmers’ understanding and perception of climate change
Climate change refers to long-term alterations in temperature, precipitation patterns, and weather events that affect the natural environment and human activities (Adedeji, 2014; Gulzar et al., 2021). For smallholder farmers, understanding climate change is crucial due to its direct impact on agricultural production, which depends heavily on climatic conditions (Tesfahunegn & Gebru, 2021). Farmers' perception of climate change often encompasses observable changes in weather patterns, such as temperature increases, shifts in rainfall, and the frequency of extreme events like droughts or floods (Mensah et al., 2022). The extent to which farmers perceive and understand these changes can influence their adaptation strategies and, consequently, the resilience of their agricultural practices (Talanow et al., 2021; Mensah et al., 2022).
Studies have shown that smallholder farmers in sub-Saharan Africa, including Ethiopia, Kenya, South Africa, and Ghana, have noticed significant changes in climate over recent decades. For example, Addis and Abirdew (2021) found that nearly half of smallholder farmers in central Ethiopia believed that rainfall had decreased over the past 20 years, while a significant proportion experienced a delay in the onset of rains and an early cessation of the rainy season. This perception aligns with the observations of increasing temperatures, as reported by over 70% of respondents in the same study. Furthermore, drought was frequently identified as a critical climatic threat, with many farmers indicating that drought events have become more common in recent years.
In South Africa, Mdoda (2020) reported that 94% of smallholder farmers in Libode were aware of fluctuations in weather patterns, including a noticeable increase in temperatures and a decrease in annual rainfall. The rise in drought frequency was also widely acknowledged, which directly affects crop yield and food security. Similarly, Chepkoech et al. (2018) noted that Kenyan farmers had perceived substantial changes in climate variables, especially in precipitation and temperature, which are crucial for agriculture.
In Ghana, Asare-Nuamah and Botchway (2019) found that a significant proportion of smallholder farmers in the Adansi North District reported noticeable changes in rainfall patterns, temperature increases, and windstorm frequency over the last three decades. Farmers observed shorter rainfall durations, increased intensity of rain, and warmer temperatures, which they associated with more frequent and severe climatic impacts on their farming activities. Windstorms, in particular, were noted to have intensified, causing considerable damage to infrastructure.
The vulnerability of smallholder farmers to climate change is shaped by their exposure, sensitivity, and adaptive capacity. Given their reliance on rain-fed agriculture, smallholder farmers are particularly vulnerable to shifts in rainfall and temperature. In Ethiopia, Addis and Abirdew (2021) highlighted that farmers viewed drought as a significant threat, with the frequency of drought events seen as increasing. In South Africa, frequent droughts have led to heightened vulnerability, as reported by Mdoda (2020), where farmers faced reduced crop yields and livelihood challenges.
The way farmers assess their vulnerability often depends on the availability of climate information, access to resources, and their capacity to adopt adaptive measures. In Ghana, while many smallholder farmers reported awareness of climate change, their ability to respond effectively was often limited by socio-economic constraints and a lack of trust in external sources of information, such as media reports (Hirons et al., 2018). This skepticism towards information sources was also noted in other contexts, such as in Kenya, where weather forecasts from media sources were not considered reliable by smallholder farmers (Chepkoech et al., 2018).
Research on the awareness of climate change among smallholder farmers has produced mixed results. In their study across several districts, Ng'ombe, Tembo et al. (2020) found that the level of awareness varied widely, with district-level knowledge ranging from 54% to 91%. However, this awareness was not significantly correlated with demographic factors such as gender, age, or education, suggesting that other factors, such as access to extension services and information dissemination channels, play a more crucial role in shaping awareness.
In the context of Ghana, Asare-Nuamah and Botchway (2019) found no significant association between farmers' demographic characteristics and their perceptions of climate change. This aligns with findings from Ng'ombe et al. (2020), who noted that although demographic factors did not directly influence awareness, access to extension services and ownership of radios did. Conversely, television ownership was associated with lower awareness levels, possibly due to a preference for radio as the primary source of information.
In comparing findings across different sub-Saharan African countries, it is evident that while awareness of climate change is generally high among smallholder farmers, the factors influencing this awareness and the perceptions of climate risks vary by region. In South Africa, the media was found to influence adaptation strategies positively (Elum et al., 2017), while in Ghana and Kenya, skepticism towards media reports reduced the impact of such information on farmers' perceptions (Hirons et al., 2018; Chepkoech et al., 2018). This highlights the need for tailored communication strategies that consider local contexts and trust levels.
The effectiveness of adaptation strategies is influenced by farmers' understanding of climate change and the factors shaping their perceptions. In areas where awareness is high, such as in Ghana's Adansi North District, farmers are more likely to adopt measures like adjusting planting dates or diversifying crop types in response to perceived changes in climate. However, socioeconomic barriers often limit the extent to which these strategies can be effectively implemented.
[bookmark: _Toc181560945]2.10.2 Smallholder farmers’ perceived impacts of climate change on smallholder farming
Smallholder farmers, who largely depend on rain-fed agriculture, are highly vulnerable to climate change, as even slight variations in rainfall can significantly affect agricultural output. A good growing season typically ensures a healthy harvest, as crop production is closely tied to weather patterns (Eisenbies et al., 2020; Lacasa et al., 2023). The effects of climate change, however, are perceived differently across gender lines, with men and women experiencing unique challenges. For instance, women tend to express greater concern over water scarcity, while men are more affected by unpredictable rainfall that influences crop yields and increases production costs (N-yanbini et al., 2023). This gender-specific impact underscores the need for tailored interventions to address the distinct needs of men and women in adapting to climate change (Fruttero et al., 2024).
In Tanzania, climate change has led to noticeable shifts in the agricultural calendar. Extreme weather events such as droughts, floods, and heat waves have adversely affected village farmers' productivity, particularly in maize cultivation and other food crops. These changes have also resulted in the loss of native vegetation and water sources, thereby complicating the livelihoods of local communities (Yiridomoh et al., 2021c). Similarly, Mogomotsi, et al. (2020) reported that 60% of respondents in their study had observed a steady decline in crop yields over a 10-year period, mainly due to prolonged drought and high temperatures. The impacts extended beyond crops to pastoralists, who saw a 50% reduction in livestock productivity owing to increased disease prevalence linked to extreme weather conditions. 
In the Eastern Cape Province of South Africa, Mdoda (2020) found that 71.9% of farmers reported a decline in agricultural productivity, primarily due to increased crop diseases and pests, which were exacerbated by changing weather patterns. Additionally, 81.7% of respondents indicated that these factors significantly impacted their yields, highlighting the detrimental effects of climate variability on smallholder agriculture in the region. 
The effects of climate change in Ghana are particularly pronounced in areas transitioning from savannah to forest. Several studies have documented adverse impacts on agriculture across different ecological zones (Derbile et al., 2022b; Opoku et al., 2023). For instance, Acquah and Kyei (2012) examined the effects of declining rainfall and rising temperatures on maize yields in Ghana and found that these climatic changes led to reduced productivity. The unpredictable nature of the climate not only affected maize but also other essential food crops, thus threatening the livelihoods of farmers in the affected regions (Yiridomoh et al., 2022). 
Gender-specific impacts of climate change have also been observed in Ghana. N-yanbini et al. (2023) reported that women were more affected by water scarcity, while men were more concerned with the effects of unpredictable rainfall on crop yields. These gendered differences in perceptions underscore the need for targeted interventions that address the unique vulnerabilities and adaptation needs of different demographic groups.
The interdependence of human, plant, and animal systems on the ecosystem means that the impacts of climate change are widespread, influencing food production, water availability, and health. For example, fluctuations in temperature and precipitation can affect the timing of biological events such as crop pollination and fish spawning, which in turn impacts food security and water resources for irrigation (Gomez-Zavaglia et al., 2020). If the risks posed by climate change are not addressed, agricultural development and food production in sub-Saharan Africa, including Ghana, will continue to face significant constraints (Adenuga et al., 2021).
[bookmark: _Toc181560946]2.10.3 Determinants of Smallholder farmers’ choice of climate change adaptation strategies
This section reviews the determinants influencing smallholder farmers' choice of climate change adaptation strategies. Research shows that understanding these strategies is crucial for implementing successful climate adaptation measures at the farm level. Smallholder farmers employ various techniques to reduce their exposure to climate threats, such as mixed cropping, crop rotation, mixed farming, the use of traditional and short-duration varieties, and soil management practices like mulching, ridging, and creating drainage channels (Thinda et al., 2020; Danso-Abbeam et al., 2021; Atube et al., 2021). 
Awareness of indigenous adaptation strategies is high among farmers, with over 80% knowing at least one method (Alhassan et al., 2018). The most recognized strategies relate to soil management (99%), crops and livestock (83%), and other indigenous practices (90%). However, despite this awareness, actual adoption rates remain low, with soil-related strategies being the most common (57%) compared to cultural practices (17%) and crop-related strategies (16%). For instance, mound-building and mixed farming were among the most widely adopted soil and crop adaptation strategies, respectively, while early weeding was a common cultural practice (Alhassan et al., 2018).
The preference for specific adaptation strategies varies across regions and farming communities. In Nigeria's Ekiti State, 42.9% of farmers favored water and soil conservation, while others opted for changes in planting schedules and diversifying into non-agricultural activities (Obayelu et al., 2014). Similarly, Kenyan farmers in Nakuru County employed strategies like disease control, timely planting, diversification, and irrigation (Taiy et al., 2017). In Ethiopia, adaptation practices such as crop diversification, input intensification, and soil and water conservation were prevalent, especially across different agroecological zones (Addis & Abirdew, 2021).
The influence of indigenous knowledge on adaptation choices is significant, as farmers use traditional practices to predict climatic conditions and guide farming decisions. For instance, in Botswana's Ngamiland East, about 73% of farmers reported that their choices were shaped by cultural and indigenous knowledge systems, which helped them cope with unpredictable weather by using early-maturing crops or providing additional feed for livestock (Mogomotsi et al., 2020). While indigenous knowledge plays a vital role, studies caution against relying solely on it without integrating modern, scientifically-based techniques, as this could reduce agricultural productivity and food security (Briggs & Moyo, 2012; Mapfumo et al., 2016).
Socioeconomic and institutional factors also significantly affect farmers' adaptation decisions. For example, access to extension programs, age, gender, education, income, and farm size are key determinants. Younger farmers tend to adopt new adaptation practices more readily than older ones, likely due to their openness to new technologies (Thinda et al., 2020). The correlation between education and adaptation is positive, with higher educational attainment leading to increased adoption of climate-resilient technologies (Mogomotsi et al., 2020; Ndamani & Watanabe, 2016). Income level also positively influences adaptation choices, as wealthier farmers can afford better solutions (Sertse et al., 2021).
Farm size has been found to positively correlate with the adoption of adaptation strategies, where larger farms are more likely to implement advanced techniques due to economies of scale (Thinda et al., 2020; Bryan et al., 2013). Conversely, some studies indicate no significant relationship between farm size and adaptation, suggesting that other factors may play a more substantial role (Bradshaw et al., 2004). 
Information access significantly affects adaptation behaviors. Farmers with better access to climate information via radio, television, or mobile phones are more likely to adopt adaptation measures (Thinda et al., 2020). However, information sourced from family members may reduce the adoption rate of adaptation techniques (Mulwa et al.,  2017). Participation in farmer-to-farmer extension programs positively impacts awareness of certain crop-related strategies, although it may negatively affect the adoption of cultural practices (Alhassan et al., 2018).
Gender differences in adaptation choices also exist. Male farmers are more likely to diversify into non-farming activities or adjust planting schedules in response to climate changes (Obayelu et al., 2014). However, some studies report no statistically significant correlation between gender and the choice of adaptation strategies, indicating that adaptation decisions may be influenced by other factors (Mogomotsi et al., 2020). Women, especially in regions where they are the primary managers of subsistence farms, may face more barriers to adapting to climate change due to limited access to resources (Omari, 2010).
[bookmark: _Toc181560947]2.11 Conceptual Framework 
The conceptual framework for this study was designed based on the KAP model. The Knowledge, Attitude and Practice (KAP) model emphasizes that knowledge, attitude and practice are interconnected as indicated in Figure 2.1 below. Knowledge is the first component of the KAP model and refers to the understanding that farmers have about climate change, its causes and its impact on their agricultural practices. In the case of smallholder farmers in Nandom Municipality, knowledge influences attitudes. Increased knowledge of climate change risks leads to a heightened perception of the issue’s significance, shaping attitudes towards adaptation. 
Perceived risks refer to how smallholder farmers evaluate the threats posed by climate change to their livelihood. According to the KAP model, a farmer’s awareness and understanding of climate risks shape their attitude towards adopting adaptation strategies. Attitudes influence practices; a positive attitudes toward climate change adaptation motivate farmers to implement adaptive strategies. However, the mere presence of positive attitudes does not always guarantee action due to socioeconomic and institutional constraints. 
Adaptation practices on the other hand refer to the actions smallholder farmers take to mitigate or respond to the perceived impacts of climate change. Adaptation practice reinforces knowledge. As farmers adopt climate adaptation strategies and experience the outcomes (e.g., increased yields or improved resilience), they gain practical knowledge that reinforces their attitudes and promotes the continuation or expansion of these practices. The decision to adopt a specific adaptation strategy is influenced by the level of knowledge and perceived risks. Farmers with higher knowledge of climate change tend to adopt more diverse and effective adaptation strategies. 
Knowledge of Climate Change
 - Changing rainfall patterns
- Increasing temperatures
- Access to extension services
- Knowledge of climate variability
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Climate Change Adaptation Strategies/Practices 
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Source: Adapted from Alare, (2015: page 29)
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This chapter presents a detailed explanation of the methodology and philosophical perspectives underpinning the conduct of this study. As a qualitative study involving two communities, the chapter demonstrates why a social constructivist philosophical approach and multiple case study design are suitable for this study. The chapter also describes the study area and details the sampling procedures, data collection procedures, and analytical approaches deployed to make sense of the data.
[bookmark: _Toc181560951]3.2 Profile of the Study Area
The Nandom municipality is located in the northwest of the corner of the Upper West Region (Ghana Statistical Service (GSS), 2014) between latitudes 10°20 N and 11°00 N and longitudes 2°25 W and 2°45 W (GSS, 2014) (Figure 3.1). It shares boundaries with Lambussie-Karni District to the East, Lawra Municipal to the South and The Republic of Burkina Faso to both North and West (see Figure 3.1). The Nandom Municipal’s population as of 2021 was 51, 328 with more females 25, 751(50.2%), than males 25,577 (49.8%). The Municipality occupies a land size of 567.6 square kilometres with a population density of 89 persons per square kilometre (GSS, 2014).
The Nandom Municipal falls within the Guinea Savannah vegetation belt.  The vegetation consists of short grasses with scattered fire-resistant trees such as the Shea trees, acacia and Baobab trees. The vegetation is very congenial for livestock production, which contributes significantly to household incomes in the district. The topography of the district could be described as gently undulating. Generally, the municipality is located about 180 meters above sea level with a few isolated hills. The rock formation in the Municipal is essentially birimian with dotted outcrops of granite. The main soil types in the Municipal are sandstone, gravel, mudstone, alluvium, granite and shale which have weathered into different soil grades. These soil types are better suited for the cultivation of cereals and root tuber crops including millet, maize, sorghum and yam. They respond well to the application of organic manure and commercial fertilizers to give high yields. With adequate rains and good farming practices, these soils have the potential to improve agriculture production (GSS, 2014).
However, the climatic conditions experienced in the District affect agricultural productivity. Temperatures are mostly high with a minimum of 23 0C at night and a maximum of 42 0C during the day. The mean monthly temperature ranges between 21 0C and 32 0C. The highest monthly maximum temperature rises to 40 0C before the rainy season usually in May with the lowest minimum temperature falling to about 12 0C in December when the Harmattan winds from the Sahara dry up the vegetation. As a result of the single maximum rainfall season prevailing in the district, crop production is mostly done during the rainy season (May to September/October). The dry season is a potential for the preservation industry that could use the sunshine as a natural preservative (GSS, 2014). This implies that citizens’ livelihoods and incomes are limited during the dry season since farming is the main occupation. According to Ghana Statistical Service, the municipality’s population of 15 years and older is mainly engaged in the agricultural sector  (60.7%), followed by services (29.3%) and industry (10.0%) (GSS, 2024). This resulting in the migration of the youth to the south in search of greener pastures. Also, the proximity of Burkina Faso makes the Municipal a prime site for cross-border contacts and exchanges (GSS, 2014). 
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Source: Author’s Construct, (2023)
[bookmark: _Toc181560952]3.3 Philosophical Underpinning of the Study
The study was guided by a social constructivist philosophy. The constructivist paradigm draws its strength from the idea that social realities are the creation of human cognition, perception, and interpretation rather than an objective substance that needs to be discovered (Guba & Lincoln, 1994; Honebein,1996). Fundamentally, constructivism holds that people build their knowledge and understanding through their everyday interactions, experiences, and interpretations (Guba & Lincoln, 1994). This paradigm stresses the significance of context, viewpoint, and social interactions in forming individual and societal understandings while acknowledging the subjective aspect of reality. Social constructivism is based on the notion that experience shapes or constructs the majority of what people learn (Hein, 1991; Cashman et al., 2008). 
According to social constructivists, people seek to understand the society in which they reside and work. By so doing, people assign subjective meanings to their experiences, meanings that are focused on particular objects or phenomena. People’s experiences, narratives, and epistemologies are, to be fair, also historically and culturally constructed. In light of this, knowledge is co-produced by the researcher and the social subjects who are the subject of the study (Mitlin et al., 2019). Each of these disciplines produces a certain type of knowledge by utilising their positionalities. Constructivist philosophers also focus on the specific contexts in which individuals live and work to understand the participants' historical and cultural backgrounds. Constructivist philosophy acknowledges the influence of social interactions and cultural components on the formation of knowledge, helping to explain complex social phenomena. Constructivist researchers often employ qualitative data collection and analysis methods because they can provide a deeper knowledge of participants' experiences and perspectives (Allen & Davey, 2018; Peck & Mummery, 2018). 
[bookmark: _Toc181560953]3.4 Research Approach
The study employed a qualitative research approach which is based on a constructivist worldview (Lincoln et al., 2011). The choice of a qualitative technique was perfect because the objective of this study was to investigate smallholder farmers’ knowledge of climate change, perceived climate change risks, adaptation strategies and the factors that influence the adaptation strategies adopted by farmers (Banerjee, 2015). The focus of qualitative research is on discovering and comprehending the meaning that an individual or group of individuals assigns to a social or human issue like climate change (Creswell, 2014). Examining issues in their unique context and the meaning that people assign to them, this method enables the researcher to understand issues (Denzin & Lincoln, 2005), creating meaning, purpose, or reality from the perspectives and experiences of smallholder farmers (Merriam, 2009). The main underlying assumptions of qualitative research are that: reality is a social construct; variables are hard to quantify, complicated, and intertwined; there is a primacy of subject matter; and the data obtained will be from an insider’s perspective (Rovai et al., 2014). This method of research priorities diversity, culture, and social justice to provide a wide range of content and context that, despite being subjective, is up to date (Asenahabi, 2019). Interviews, involvement in observations, and participation are the main methods utilised to gather data under this strategy. The use of these methods allows the researcher to look beyond statistical data (Mugenda & Mugenda (2003).
[bookmark: _Toc181560954]3.5 Research Design
This study utilized an exploratory case study design. This research design involves an in-dept and detailed examination of a particular contemporary phenomenon like climate change within its real-life context (Saunder et al., 2009). The case study strategy was chosen for this study because it offered an opportunity for a detailed investigation of the smallholder farmers’ knowledge, perceived risks and climate change adaptation strategies in Nandom Municipality. This offers the researcher a rich understanding of the context of smallholder farmers’ knowledge, perceived risks and climate change adaptation strategies in Nandom Municipality. The case study strategy also has considerable ability to generate answers to the question ‘why?’ as well as the ‘what?’ and ‘how?’ questions, although ‘what?’ and ‘how?’ questions tend to be more the concern of the survey strategy (Saunder et al., 2009).
Likewise, a case study allows for discussions that need to evaluate and advance effective relations between smallholder farmers’ knowledge, perceived risks and climate change adaptation strategies. It is crucial to emphasise that using a case study strategy allowed the researcher to examine smallholder farmers’ real-world experiences with climate change, the risks associated with smallholder farming, adaptation strategies and the variables that affect the choice of adaptation strategies.
[bookmark: _Toc181560955]3.6 Target population 
This study's target population consists of smallholder farmers in Tom and Kussiele communities in the Nandowm Municipality of the Upper West Region of Ghana. Smallholder farmers were defined as individuals with landholdings of two hectares or less (Conway, 2011). Data of these farmers in the Tom and Kussiele Communities was obtained from the Nadom Municipal Department of Agriculture.
[bookmark: _Toc181560956]3.7 Sampling methods/techniques
The study obtained a list of 11 communities from the Nandow Municipal Department of Agriculture that have dominant or registered smallholder farmers. Out of the 11 communities, Tom and Kussiele communities were purposively selected because registered smallholder farmers in these communities received training and support with farm inputs from Farmers Pride, a company in commercial operations in the municipality. During field data collection, smallholder farmers were selected purposively based on characteristics such as age, sex, years of farming experience, farm size, and type of crops grown. This procedure was repeated in each community to ensure that the perspectives of men, women, young and aged farmers as well as more experienced were gathered as part of the study.
[bookmark: _Toc181560957]3.8 Methods of Data Collection
To adequately address the objectives and research questions, primary data was gathered from the field through in-depth interviews using an interview guide as a tool. Participants were purposively selected considering years of farming experience, type of crops grown and farm size. The use of this tool was influenced by the qualitative alignment of the study, which seeks to dig deeper and gain insights into smallholder farmers' knowledge of climate change and adaptation strategies. This method helped explore some interesting issues that emerged from interactions with smallholder farmers. The data enabled the researcher to ascertain smallholder farmers’ perceptions of the risks associated with climate change, their understanding of changes in climatic conditions, the strategies they use to adapt to those changes, and the factors that influence their decision-making. 
[bookmark: _Toc181560958]3.8.1 In-depth Interviews
Face-to-face in-depth interviews were conducted among smallholder farmers in two communities (Tom and Kussiele) in the Nandom Municipal. The selection of communities and participants was purposive based on their knowledge and experiences of climate change and readiness to participate in the study. With the help of research assistants, an in-depth interview guide was employed to collect data from the smallholder farmers regarding their knowledge of climate change, the effects of climate change on their farming activities, their adaptation strategies and the factors influencing their adaptation strategies. A total of 60 in-depth interviews were conducted with the smallholder farmers in the study communities. While 25 in-depth interviews were conducted with male smallholder farmers, 35 were conducted with female smallholder farmers. On average, the interviews lasted for about forty-five minutes per participant. The interviews were conducted in the local language (Dagaare) between 15th March and 24th July 2023. During the interview sessions, keynotes were taken, and with the consent of the participants, the discussions were audio-recorded and later transcribed verbatim for analysis purposes.  
[bookmark: _Toc181560959]3.9 Data analysis and presentation 
The data was transcribed verbatim from the local language (Dagaare) into English. This is critical for in-depth analysis. After transcription, all personal identifiers were removed to ensure the confidentiality of the participants. Using a thematic analysis approach, the data was coded through rigorous reading of the transcripts to identify key themes and patterns related to knowledge, perceived risks and adaptation strategies. According to Yin (2014), qualitative analysis involves identifying patterns and themes and describing the data according to the objectives of the study. The responses were grouped under the broader categories of the research objectives. This was done per Braun et al's. (2016) and Clarke and Braun's (2013) phases of qualitative thematic data analysis. 
[bookmark: _Toc181560960]3.10 Ethical consideration 
The interview guide did not include names or any other information that could be used to identify potential respondents to protect respondents' privacy and confidentiality. Furthermore, a letter of introduction from the Simon Diedong Dombo University of Business and Integrated Development Studies (SDD UBIDS) Faculty of Public Policy and Governance was obtained to bolster respondents' confidence. Finally, a community entry exercise was conducted for each community, fully adhering to all community protocols. Finally, and most importantly, the study duly obtained respondents' consent before administering the tool.
[bookmark: _Toc181560961]CHAPTER FOUR
[bookmark: _Toc181560962]RESULTS AND DISCUSSION
[bookmark: _Toc181560963]4.1 Introduction
The results of the study are presented and discussed in this chapter. The results and discussion provide information on smallholder farmers' demographic characteristics, awareness of climate change, their perceptions of how the changes after smallholder farming, adaptation strategies, and the variables influencing their choices. 
[bookmark: _Toc181560964] 4.2 Results
[bookmark: _Toc181560965]4.2.1 Demographic Characteristics of Respondents 
The sex and age composition, educational levels and household size of participants are significant characteristics in the study analysis to show how these variables shape the knowledge, perceived risk of climate change and the different adaptation strategies smallholders employed in their quest to mitigate climate change impacts. This study engaged 60 smallholder farmers (35 female and 25 male) from two communities (Tom and Kussiele) in the Nandom Municipal (see Table 4.1). 






[bookmark: _Toc180741264][bookmark: _Toc181314720][bookmark: _Toc181400166][bookmark: _Toc181402641][bookmark: _Toc181560987]Table 4.1: Demographic Characteristics Of Respondents
	VARIABLE
	DESCRIPTION
	NUMBER
	PERCENTAGE (%)

	Study Community
	Tom
	35
	58%

	
	Kussielle
	25
	42%


	Sex 
	Female
	35
	58%

	
	Male
	25
	42%


	Age (years)
	Age 15 – 34
	14
	23.3%

	
	Age 35 – 54
	18
	30%

	
	Age 55 – 74
	15
	25%

	
	Age 75 – 94
	13
	21.7%


	Level of Education
	No Formal Education 
	35
	58.3%

	
	Basic Education (primary, JHS/JSS/Middle school education)
	17
	28.3%

	
	Secondary Education (SHS/SSS/O’level & technical/vocational education)
	4
	6.7%

	
	Tertiary Education
	4
	6.7%


	Household Size
	1-5
	35
	58.3%

	
	6-10
	13
	21.7%

	
	11 & above
	12
	20%



Source: Field data, 2023
[bookmark: _Toc181560966]4.2.2 Smallholder Farmers' Knowledge of Climate Change 
During the interviews held with both men and women in the study communities, it emerged that smallholder farmers understood and observed manifestations of changes in climatic conditions. Participants' knowledge of climate change stems from oral interaction and their vast experiences gained through several years of farming. For example, a male participant in Tom who has been farming for over 30 years complains that:
In the past, the rain used to start early in February and by April the lands were ready for cultivation. The rain used to be consistent throughout the farming season, and one could predict when the farming season would end around October and November. These days, everything has changed hence we cannot predict when the rain will start and end. This makes farming very risky. We are already in July and yet the farming season hasn’t fully started (Male Participant).
Similar views were shared by female participants in Kussielle. A female participant explained further:
I have been farming since I was a young woman. Now, I am old. In the past, life was easier for the women because the rains would start early. When the rain starts early, vegetables begin to sprout and this enables us to cook “correct” and healthy meals for our children. Nowadays, this is no longer the case as we experience the first rounds of rain in July or August. Even this, the rain is usually very erratic and not as consistent as it used to be. Due to this, we [smallholder farmers] are unable to plant as many food-crop varieties as we once could (Female Participant).
Despite the differences in the years of farming experience, similar concerns about the unpredictability and erratic nature of the rains were articulated among young participants. A young female participant explained as follows:
Growing up, my grandmother told me how they experienced early rains between February and March in the past but I have never experienced any of such rains. This year like this, the first rain of the season came somewhere in July. Unlike in the past, farming in recent times is a lot of guesswork and risk-taking. When you guess well, you are lucky, otherwise, forget it (Female Participant). 
Some participants also complained about rainfall variability in the past few years, they have prolonged droughts than what they experienced in the past. A female smallholder farmer in Kussielle shared that:
In the past years, we have experienced some level of drought taking place, normally from June to August. In the year 2020 for instance, the season experienced a very long drought which resulted in the withering of some of the crops. Those that survived the drought did not produce good yields as expected. Even now, you can see that the crops on the farm are withering because we have not had rainfall in the past weeks (Female Participant).
Similarly, a male participant in Tom narrated that the occurrence of flooding is rampant; a situation that puts burdens on the already tight schedules of farmers. He explains further in the following words: 
Growing up in this community, I have never heard of a flood occurring in any part of the community. However, in 2022, flooding occurred in our community and caused a lot of havoc on our livelihoods. I planted maize in the early part of last season and lost everything due to the constant heavy rainfall. The few crops that survived did not yield much because the topmost soil which contains the nutrients was swept away. I had to purchase fertilizer to augment the farm nutrients otherwise productivity would have been poorer. I think this is caused by the changing climate. Farmers have to be wiser in the kinds of crops to cultivate (Male Participant). 
Again, the widespread reduction in crop productivity among smallholder farmers in the study communities, participants particularly men lamented that the rearing of animals which they practice as an alternative livelihood strategy is equally affected adversely by climate change. An aged male smallholder farmer in Kussielle explained this in the following words: 
We record a lot of farm failures. In 2022, I got nothing from my farm. The farm failed, and I have now resorted to buying foodstuff to feed my household. There has been a reduction in farm productivity over the years. Growing up, the animals we rear were not dying, unlike today. Now all the animals we rear die of diseases which we have no idea about or trace of their origin, all because of there are changes in the climate (Male Participant). 
Regarding how climate change affects animal rearing, female participants complained that unknown diseases have claimed the lives of pigs which they rear as a source of alternative livelihood. A female participant in an in-depth interview at Tom narrates this: 
Last year, my pig littered 6 piglets in February however in June, there was a sudden outbreak of a disease that affected pigs and in the space of 3 months, I lost all the pigs. We used to experience such diseases periodically but now they are more prevalent. We do not have access to veterinary services here and that makes our situation worse. The diseases affect other animals too but the effects on pig rearing are what I feel much. This is because that is what I rear and have ownership and control over although my husband tried severally to control income from the sale of the pigs. The men will tell you the adverse impacts of climate change on the other animals [laughs] (Female Participant). 
When probed further on the control over animals reared, she explained that;
 Rearing of goats, fowls, and sheep in Tom is a male-dominated activity and the men exercise control over these animals even if the woman brings in some to rear. This is because men take charge of feeding and providing shelter for goats, fowls, sheep, and cattle regardless of whether they belong to the men or their wives. In some instances, they unilaterally make decisions to sell or give the animals that belong to us [the women] to relatives. Income from the sale of these animals is spent on their personal needs rather than on the needs of the household. It is hard for the women to refuse their husbands the right to access and sell animals belonging to them especially those their husbands have cared for because the men are the heads of the family (Female Participant). 
The study's findings showed that participants; both male and female, in all study communities, claim that climate change manifests in a reduction in soil fertility which adversely affects the yield of crops. However, male participants alleged that the application of manure on farms which augments soil fertility and supports crop yield as practiced in the past has not been effective in recent times. Male participants bemoaned that the droppings of cattle, fowls and small ruminants namely goats and sheep that once served as manure for many farming households are rarely in existence in the study communities. Thus, participants alleged that animal theft and diseases have claimed the lives of many animals they rear and use the droppings for crop farming. A male participant in Tom narrated in the following words: 
In the past, when we planted, we applied only manure and didn’t have to apply chemical fertilizer but we had a bumper harvest at the time. Now, we do not even have manure to apply on our farms because the animals, especially, cattle which produce large quantities of manure are barely in existence. Thieves have stolen almost all the animals we once had. Also, diseases infect and kill our animals almost every year which makes it difficult to rear large herds for manure. There are very few cattle-owning households here in Tom where almost every household once owned cattle (Male participant).
[bookmark: _Toc181560967]4.2.3 Perceived Effects of Climate Changes on Smallholder Farming 
Even though both men and women who participated in the study agreed that everyone who is poor and depends on resources are affected by climate change and variability, gender-specific consequences of climate change and variability were identified throughout the interviews. For instance, female participants were more concerned about the difficulties associated with access to fresh leafy vegetables such as ‘jangbore’ and ‘Tokpara’ (baobab leaves) for household consumption, shortage of foodstuff as a result of low yield and the problems of increasing workload on women when they have to combine sowing on the farm with the tasks of cooking, babysitting, and housekeeping especially when they experience late rains. Contrarily, male participants asserted that unpredictable rainfall patterns affect crop yield, lower animal productivity, and raise production costs by requiring the purchase of agricultural inputs and chemical fertilizers to apply to crops on lands that would have naturally performed well. These cause farmers some physical and psychological stress. 
During the interviews with female participants in the study, it was revealed that women put in more effort to obtain the means and resources to maintain the food supply in the home. This is especially noticeable during times of extreme weather that impact food security while ensuring that all other requirements are satisfied. Women indicated that the only way they can continue to feed their children is to be creative in finding new ways to support themselves. This entails engaging in multiple income-generating activities. The women said that because of the increased burden, they typically put in more hours of work to make ends meet than males do. For instance, an aged female participant in Tom narrated the plight of women  in the following words:
There is a lot of suffering for the women here, especially for the married women. Food shortage is the major consequence of climate change as we are unable to get good yields. Because we suffer poor yields, we are unable to attain food security as we used to in the past and we become helpless because we are supposed to prepare the meals for the household. Again, some fresh leafy vegetables such as ‘jangbore’, and ‘Tokpara’ (baobab leaves) that grow naturally when it rains and were harvested to prepare meals, particularly in the lean season are non-existent and we are unable to provide meals for the family. We are suffering. When we don’t have food to eat, it affects us a lot. My grandchildren sometimes have to go to school on an empty stomach how would they study? It’s a lot of suffering. We are old enough to sustain hunger but a child who has to study on an empty stomach would not be able to concentrate and perform well in school (Female participant).
When probed regarding the period households are food insecure or vulnerable to hunger and whether food insecurity was a prevalent occurrence for households in the study area, the female participant in Tom explains that:
Things are incredibly difficult these days. There is hardly enough crop yield to get through the dry season [December to June]. Between May and August, most households in Tom experience hunger because there are food shortages. For instance, from April until now [July], I have been buying foodstuff from the market to support household feeding. Some households have relatives in Southern Ghana who support them with foodstuff or money to help them navigate this difficult period of food shortage (Female participant).
Another female smallholder farmer at Kussielle bemoaned that climate change and variability place extra workload on women which she claimed prevented women in the area from engaging in other productive economic activities to support the household. This she claimed brings arguments and quarrels between wives and their husbands. She explains in the following words:
Women are more susceptible to climate change. This is because if the rains were consistent, the man would till the land fast for us to sow; after sowing, we can channel the rest of our energy into productive activities other than remaining on the same piece of land for an extended period. However, there are no sufficient rains for us to finish sowing. At home, we are to still perform our roles and responsibilities as mothers. My daughter has to stay out of school between September and October which is the peak of the farming season here to help me as I cannot complete all the work alone on time. Therefore, there is so much fatigue on us here. This sometimes brings arguments, and quarrels between us and our husbands (Female participant).
Inferring from the assertion above, one can establish two perspectives. First, women across the study communities reported that it is their duty to guarantee food security in the household hence, they perform their traditionally prescribed roles of cooking, babysitting, and housekeeping as well as working on the farm to avoid getting into conflicts with their husbands because the women risk being tagged as rebellious or evil wives when they get into conflicts instead of been obedient and decent wives society expect of women. Women who participated in the study said that, in addition to seeing to it that all other demands are met, they go above and beyond to find the resources required to ensure household food supply, particularly in times of extreme weather that jeopardizes food security. Women said they needed to be creative in diversifying their businesses to feed their families. This entails taking part in multiple revenue-generating activities, especially during the off-farm season. The women went on to explain that because of the greater workload, they frequently work longer hours than males do. Men were believed to have more spare time than women. The second perspective is that women cannot commit ample time to other income-generating activities (especially in the peak of the farming season) in their quest to fulfil their traditionally prescribed roles and avoid conflicts with their husbands. This is a result of women's increased reliance on but restricted access to natural resources throughout the study communities. In addition, women are disproportionately in charge of obtaining fuel, water, and food. Since agriculture is the most significant source of employment for women in the study communities, women strive harder to provide resources and income for their families during droughts and irregular rains. Girls were under more pressure because they frequently had to drop out of school to assist their mothers in carrying the heavier load.
Additionally, female participants brought up the point that, depending on the connections and values of household members, the roles of men and women also vary within households. A participant also mentioned that in households headed by women, women shoulder all domestic duties, and in households headed by single fathers, the men also assume roles that are customarily associated with women. She lamented in the following words:
I am widowed, since the demise of my husband in 2000; and more tragically the loss of my younger son a few years afterwards; faith they say may have it, my elder son who is a priest gets busy with service to God, while due to limited opportunity in our localities, my second son has migrated to the South to work on cocoa farms; the reality is our soil has lost it nutrients and the reduced rainfall patterns is heightening drought in our area; many young people are migrating to the south; with limited labour support it is very difficult to prepare the land to cultivate since rainfall is very erratic; it is an obvious fact that smallholder farmers, most especially those with my kind of faith with limited labour support coupled with insufficient support to hire labour are hard hit with climate change occurrences (Widow participant).
During the in-depth interviews, males generally claimed the psychological and physical consequences of not being able to provide for their families and the expectation of them as breadwinners due to climate change. They said that when crops fail owing to bad climate conditions, they frequently feel anxious. The male participants complain that they often experience stress as a result of feelings of helplessness. Men stated that they are also conscious of the hardship and intense strain that women face while attempting to provide for the needs of the family by engaging in food production, generating income, raising children, and still doing housekeeping. It was reported by men that unemployment, which limits men's ability to support and care for the family in times of need, exacerbates the psychological effects. Thus, a male farmer at Kussielle has this to say:
As the breadwinner, it is hard and sometimes I feel uneasy living. There are times when the household runs short of foodstuffs and need to buy foodstuff before we can feed but there is no money because there are limited income-generating opportunities here. In some instances, my wife steps in to help me provide for these needs but this comes with its headache because I pay her dowry and I am supposed to provide for her needs and that of the children but not the other way round. When she provides for our needs, she does whatever she likes and I cannot control her and I will have to be her puppet (Male participant).
A female participant in Tom expressed the plight of women given the adverse effects of changes in climatic conditions.  She explains as follows:
I think women are more vulnerable to the vagaries of climate variability because they strive to come out with innovative ideas to make meals even at the expense of when there is no foodstuff to make meals. We have in recent times, also experienced the invasion of fall armyworms which destroy our maize farms year after year. In the end, if the crops fail, it would be a headache for the women to do whatever is possible to provide food for the household although we do so sometimes with the support of our husbands (Female participant).
Inferring from the argument above also reflects the flexibility in negotiating gender boundaries and roles associated with masculinity and femininity across the study communities. Just as argued by the women, the men who participated in the study stated that, in addition to seeing to it that all other demands are met, they go above and beyond to find the resources required to meet the household needs especially when their livelihoods are disrupted by harsh climatic conditions. Males equally mentioned that they adopt innovative means to diversify their livelihoods so they can continue to provide for the needs of their families. This entails migration and taking part in multiple revenue-generating activities, especially during the off-season.
In addition, across the study communities, men who fail to live up to their patriarchal roles and expectations as breadwinners due to the effects of climate change and variability were described as ‘an incapable and unaccomplished man’, ‘good for nothing and a laughing stock’ in the presence of their colleagues and excluded from taking part in critical decisions of their households and community. A male farmer compared the ability of a man to discharge his patriarchal roles and expectations as breadwinner to male potency and concluded that when it is lost, the dignity and respect of the man are lost forever. He has been captured as follows:
When men fail to execute their responsibility of providing for their households, some of their household members ridicule them. Such people are not respected enough and are mostly not involved in family and community decision-making or their opinions aren’t given the needed consideration. I have always said that being able to provide for one’s family as a man is like male potency and that is the source of the man’s authority and failure to do so takes away his dignity and respect (Male participant).
The above assertions challenge the traditionally hegemonic male identity which is also contested by feminist scholars. The narratives from the study indicate that both men and women across the study communities explore various innovative means of discharging roles and responsibilities prescribed by traditions because men do not want their hegemonic masculine standing and egos challenged or threatened. Women equally don’t want to be tagged as rebellious or evil wives for neglecting their responsibilities and challenging the authority of their husbands. But participants do not entirely believe in rigid gender boundaries and roles associated with masculinity and femininity especially when their livelihoods are disrupted by harsh climatic conditions. Participants embraced the idea that both men and women should focus on delivering on their normative gender roles and responsibilities while contributing to achieving other roles outside the assigned normative gender norms and practices.
[bookmark: _Toc181560968]4.2.4 Smallholder farmers’ adaptation strategies to climate change 
This section presents the result of smallholder farmers’ adaptation strategies to climate change. It places particular emphasis on gender response to climate change and gender-deferential response to changes in climatic conditions. The views of smallholder farmers on response mechanisms to climate change within the context of gender dimensions revealed that women and men have various adaptation approaches. The results show that smallholder farmers have employed several on-farm and off-farm adaptation strategies to climate change. Both male and female participants adopt the cultivation of early yield crops, application of chemical and organic fertilizer, usage of agrochemicals, improved seed varieties, and plough in ridges as on-farm adaptation strategies. However, the off-farm adaptation strategies employed by female participants include; shea-butter extraction and processing, pito-brewing, cakes making, soap-making [Azumah blows], tailoring/seamstress, hairdressing, and migration to southern Ghana for paid jobs. On the other hand, male participants employ the following off-farm adaptation strategies: charcoal burning, dry season gardening, livestock rearing, carpentry and migration to southern Ghana for paid jobs.
[bookmark: _Toc181560969]4.2.4.1 On-farm Adaptation Strategies
During in-depth interviews with female participants, it was evident that the nature of the crop cultivated and the rural economy influenced the adaptation strategy. A similar trend of approach also influenced men's choice of climate change adaptation strategies.  
The results show that smallholder farmers adopted several on-farm strategies to adapt crop farming to climate change impacts. A female participant in Kussielle noted that they cultivate legumes on family maize farms as mixed cropping to respond to crop failure or increase crop yield. This view was acknowledged also by some male participants in Tom who emphasized that mixed cropping, where they cultivate beans and soya on millet farms has been a strategy for adapting to climate change. Participants revealed that, in in the past they could predict the rainfall and cultivate accordingly, but now the rains are not predictable, as a result, they adopted as the cultivation of early maturing crops, drought-resistant crops, early planting and late planting. A female participant reported that the inconsistency of rains has led to the cultivation of early-yeilding crops. She narrated that as follows.
These days, due to the delay and inconsistency of rains we cultivate early maturing crops, and drought-resistant crops. We always sow the crops with timing intervals to ensure that when one crop fails the other may do well. Some crops mature early whilst others delay. The impact of climate change has made farmers especially women more vulnerable. After a hard day’s work at the farm, women still have to perform their roles at home. This adds a lot of fatigue (Female participant).
Similar assertions were made by male participants. For instance, a male participant narrated the growing of early-yielding crop varieties as an on-farm adaptation strategy to harsh climatic conditions in the following words:
These days, we (farmers) do not get enough yields from our farms as compared to what we got previously. I do not know whether it is due to infertile lands, or our farming practices, but we the smallholder farmers here, have decided to adopt certain measures such as the cultivation of early maturing crops (such as Kondaboↄ Dawεlε, Direser, Dorado, Ponkyε, Bibiritakono, Pantegyεlε, Zisebla, mutulεε) to enable us to survive. Specifically, the bibiritakono (beans variety) can even be cultivated twice a year, and it is highly nutritious. Due to its early maturing nature, most parents rely on it to feed their families, in extreme cases of famine. If you (farmer) refuse to incorporate early maturing crops during planting, what will you do, if you get a visitor? As a man, I have to adjust, to live up to my patriarchal roles. Otherwise, I will be regarded as a failure (Male participant).
Dry-season gardening has gained ground across the study communities. Most people have resorted to gardening, particularly in the dry season due to climate change. Vegetable production is one of the employment opportunities to farmers, by way of irrigation in the Nandom Municipality. Due to the proximity of the study community to the Black Volta, it is reported that some charitable organisations provided fences to smallholder farmers to do dry-season farming and gardening. This is what a male farmer has to share during the in-depth interview:
The Centre for Indigenous Knowledge and Organizational Development, and the United Nations Development Programme helped smallholder farmers by providing us with fences to produce different types of vegetables leading to an increase in income for the smallholder farmers. There are also dug-outs. This has enabled us to cultivate fresh vegetables such as Cabbage, carrots, pepper, Tomatoes, pumpkin leaves, Garden egg, cucumber, green pepper, Lettuce and Okra. The government of Ghana's One Village, One Dam initiative has also come to augment the dry season gardening initiative for most smallholder farmers especially our dry season farming (Male participant).
A female participant revealed that her husband normally cultivates some traditional crop varieties because they are drought-resistant. She is quoted as:
Groundnuts have a prolonged maturing date and are therefore not suitable for this era of the short rainy season. When it’s cultivated late, the farmer will have to employ other methods in harvesting: by digging them out with hoes. Despite its nature, we still grow it, for it’s a customary crop used for festivals and funeral rites. My husband normally allocates a small portion of the land to me, around the neighbourhood (samane) to cultivate vegetables such as sobolo berε, bere nεne, pumpkin, kontonmire leaves, okra, tomatoes, tokpara, pepper etc. This supports me, in knowing what to put on the table as food. She, however, complained; that there is an infestation of fall armyworms immediately after there is drought (Female participant).
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The study also revealed that smallholder farmers employed a variety of off-farm adaptation strategies. During the in-depth interviews, it was reported that smallholder farmers adopt off-farm strategies such as shea-butter extraction and processing, pito-brewing, cakes making, soap-making [Azumah blows], seamstress, hairdressing, charcoal burning, dry season gardening, livestock rearing, carpentry and migration to southern Ghana for paid jobs. In an interaction with a female participant, she expresses that:
For me, the effects of climate change are so enormous; that it has turned my humble home into a den of quarrels and frustration. I decided to engage myself in pito-brewing and shea-butter extraction or processing to generate income to support my husband . (Female participant).
Women in Tom, indicated they have been empowered through the Government of Ghana's rearing for food and jobs initiative to keep farm animals. A participant stressed further that:
I have been supporting my husband in cultivating maize and millet on the family lands. He has given me express permission to also grow soya beans; however, the crop yields have been declining. Through the Government of Ghana rearing for food and jobs initiatives, I have been given some pigs and other women have been given rabbits. So, this allows us to sell some for food when we experience poor yield (Female Participant).
The data also revealed that women in the study area engaged in shea nuts collection as an adaptation strategy. The views of the women suggest that they get busy during the shea fruiting season with the collection of shea nuts for processing into added-value products such as shea butter for the market. A female participant in the study indicated:
Shea nuts are one of our indigenous livelihood strategies; we are farmers; women have access to land and grow crops in their family lands; and after the farming seasons because we have a dam, we engage in dry season gardening and also gather nuts before the peak of the seasons; It is helping, at times we sell shea nuts to obtained manure for the farms (Female Participant).
A male smallholder farmer in Tom explains that; the world’s most pressing environmental issue is climate change, which affects gender (male, female and even children) the impact is unbearable and we have to adopt other avenues to survive. He raised these concerns;
The soil has lost its natural nutrients such that we till the land and harvest nothing. I normally employ the application of chemical fertilizer and agrochemicals to improve my yields. But these products are also very expensive because of no government subsidies (Male participant). 
When probed on why he does not use manure instead, the negative aspect of diversification emerged. 
I do not have enough farm animals to produce manure. I diversified into livestock rearing, but most of them ended up dying. Previously we used not to hear of guinea fowl, ducks, turkey, goats and sheep dying. Instead, it used to be only poultry (fowls) even cattle used to be vaccinated by the veterinary officers without us paying a token. The smallholder farmers especially females in Nandom municipality rely on pig production for both sales and consumption based on its prolific reproductive nature. However, there is a zoonotic infestation form of tapeworm in pigs (porcine cysticercosis) which is a threat to humans in terms of pork consumption (Male participant). 
Further, both men and women smallholder farmers in the study area revealed that they migrate to southern Ghana in search of greener pastures or paid jobs, particularly after the farming season in the study area. This is a result of the bimodal rainfall pattern experienced in Southern Ghana which guarantees two farming seasons in a year unlike the unimodal rainfall experienced in Northern Ghana. A male smallholder farmer in Tom explains migration as an adaptation as follows:
Both men and women migrate as a way to negotiate the negative impacts of climate change, however, the men in this area migrate more than the women. Some women go with their husbands, and others go to different places from their husbands. Those of us who are unable to migrate live in abject poverty as we wait for the rainy season to set in (Male Participant).
In a similar dimension, a female smallholder farmer emphasised that out-migration from the study area in search of paid jobs is prevalent among women smallholders. She added:
The living conditions here are poor; in Southern Ghana, there is money, so we have to migrate to get something and come and support our husbands to cater for the family. I migrate after Christmas and come back after two or three months. So, in the rainy season, I must be here to support my husband regardless of whether the farming season is going well or not I have nowhere to go until after Christmas. However, there are men here who don’t allow their wives to migrate and leave behind the children but that depends on the needs of the household (Female Participant).
Although Southern Ghana is reported as the preferred destination for both male and female out-migrants in the study, others migrate to maize-growing areas in Tumu and its environs as well as cassava and cashew-growing areas in the Savannah Region. This is because a lot of labourers are needed to harvest the maize, and cassava and pick cashew nuts. There were reported differences in the activities men and women engage in when they out-migrate in search of greener pastures.  For example, a male smallholder farmer at Tom elaborated on the activities men and women are mostly engaged in when they out-migrate. He explains: 
Women have two types of work they engage in; some go to farming areas where there are cashew plantations, to pick cashew nuts while others go to big cities such as Kumasi, Sampa, Sunyani and Wenchi to work in chop bars and restaurants; pounding fufu and washing dishes (Female Participant).
Another male participant in Kussiele had this to say;
The men usually migrate to southern Ghana immediately after their farming activities here at home, while the women migrate after December. The men migrate to galamsey sites and others work on people’s farms as farm helps. Whereas men engage in the digging and breaking of rocks at the galamsey sites, the women carry the sand or rock particles as well as water and others sell food at the galamsey sites (Male Participant). 
The data also revealed that men's adaptation responses were much rooted in multiple cropping. The views of men smallholder farmers indicated that they plant maize, millets and vegetables such as tomatoes, garden eggs and pepper; while others also planted tubers such as yam. These views revealed that smallholder farmers put much commitment to an on-farm approach to adaptation to climate change.
The increased access to fresh water, given the stretch of the Black Volta, which passes through Kokoligu and the presence of Tom Dam have influenced dry-season gardening and irrigation farming.  The data indicates that men are predominantly engaged in the cultivation of vegetables more than women smallholder farmers. 
Further findings, on the gender dimension, regarding women's and men's response to climate change suggest, that more women in the study area adapt to off-farm activities of petty trading, shea gathering and vocational trade, while men are predominantly engaged in on-farm activities of mixed cropping, mixed farming with some also engaged in service and formal work as adaptation strategies to climate change.
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This section presents the factors influencing gender adaptation strategies to climate change. The study examined several factors that influence gender response to climate adaptation strategies. The data revealed that socio-cultural and economic factors affect smallholder farmers’ adaptation strategies in the Tom and Kussiele communities. Concerning sociocultural factors, the views of women participants in the study community revealed that women's right to own land is culturally prohibited, as well as make major decisions on their own. Women participants added that they only acquire land through their male relatives but lamented that they are allocated marginal lands and sometimes late into the farming season. A female participant presented their plight in the following words;
It is traditionally prescribed that women cannot own land and for that matter when one is given access to land to farm, one cannot plant trees and cash crops like cashews or mango because the land can be taken from you anytime.  Sometimes we (women) access land for farming through our husbands in our matrimonial homes or our brothers and fathers. The difficulty however is that women are given less fertile land and sometimes the decision to allocate women a piece of land to farm comes late into the farming season. This affects our ability to combine our farm activities with those of our husbands (Female participant).
Further, the data revealed that the study area is a patrilineal society that inherits from the male line. This re-enforces male dominance in socio-cultural development. The rights to inherit and own land, the right to make a decision and the custodian of customs and traditions give men the greater edge to take actions that are more convenient in responding to the changing climate. The views of men in Kussielle revealed that socio-cultural factors are favourable in influencing their decision to an adaptation mechanism. A participant has this to say;
I must admit that men own land in this community and there are no cultural issues regarding crop diversification. I have planted some cashews as cash crops and a few years from now, I will be harvesting; this will add to my household income accumulation. Culturally, men inherit the land and, in the event, that one passes on, your children will inherit your farm and so whatever investment of livelihood measures that is there to gain, it is your children. We (men) sometimes allocate portions of the land to the women but that practice here is rare because when the women cultivate their farms, they tend to neglect the household farm. In some instances, the women begin to challenge their husbands when they farm and can provide for themselves (Male participant).
The above assertion brings to the discussion two perspectives in understanding differential adaptation strategies by men and women. First, male participants believe that when females are allocated land for farming, they feel empowered because they can produce to feed themselves hence; they neglect their responsibilities on the household farm. Second, male participants believe that when females are empowered through the allocation of land for farming, the females begin to challenge the authority of the men. This suggests that males want to believe or are pushed to believe that their feeling of masculinity is in jeopardy when they are unable to manage and manipulate their women in the ways that traditional standards dictate. Because of this, men perceive their wives as evil or rebellious rather than the decent and obedient spouses that society expects them to be (Dery & Diedong 2014). The comments from the male participants made this clear; they expressed a significant dislike for women having complete control over the land.
Moreover, the study found that women's perspectives in the study area influence several economic aspects for adapting to climate change. Female participants mentioned poverty as the major economic factor in their adaptation efforts. They clarified that poverty has always confronted them with several difficulties, even in the absence of the effects of climate variability. Women feel more and more obligated to provide for their households when poverty rates rise. Women in the study communities are now prioritising diversifying their sources of income. A female participant in Tom noted;
There is so much poverty and deprivation in this community. This affects every aspect of our lives but climate change has worsened the negative consequences of poverty on our survival. Therefore, aside from farming, I am a shea collector and I can gather close to 15 bags of shea nuts in a season, when the nuts are well processed and sold, I make a considerable amount of money; the income gained from the sales of shea nuts helps meet household demand. But the amount of money I make from selling Shea nuts depends on whether I have the means to transport them to the marketplace where it is bought at higher prices (Female participant).
Research on the effects of economic conditions on men’s perceptions on smallholder farmers’ decisions to adapt to climate change are consistent with those of women, especially when it comes to the detrimental effects of poverty and the adoption of off-farm economic activities. Thus, it was established that the majority of men smallholder farmers engaged in rearing farm animals as an economic venture to cushion them amid the negative consequences caused by harsh climatic conditions. At Kussielle a participant indicated;
I am a farmer who cultivates food crops like maize, millet and yam. Despite these efforts, poverty has limited my ability to make the right investments on the farm hence low productivity. Farm inputs have become costly in recent times. Therefore, I keep farm animals such as goats, sheep and poultry birds besides crop farming. It is a good strategy to farm and to also real animals; in all these financial considerations is the ultimate because we are poor. Thus, we sell the farm animals to meet household income demand (Male participant).
It can be deduced from the above assertions of both female and male smallholder farmers that poverty limits the strategies they adopt amid the negative consequences caused by climate change. Thus, female participants collect shea nuts while male participants rear animals as off-farm economic activities aim at reducing poverty and their response to climate change.  
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The results of the study revealed that smallholder farmers exhibit knowledge of climate variability and change, which stems from their experiences gained through years of farming. The findings indicate that farmers have observed climatic changes over the past three decades which manifest in delays in rainfall, erratic patterns, prolonged droughts, rise in temperature and flooding. The views of the smallholder farmers’ knowledge on climate change and its manifestation as found in this study are not so detached from what is found in the climate change literature. This supports Müller-Kuckelberg's (2012) prior conclusions that there is clear evidence of climate change in Ghana, particularly in the agricultural sector. The findings also align with the findings Babugura, Mtshali, and Mtshali (2010) in the rural communities of  Dube and Mkhwanazi (UMhlathuze Municipality) and Phelathi (UMzinyathi Municipality) in South Africa in which they reported that smallholders are aware of issues of climate variability and change. Frequent droughts, less rain, extreme heat, strong winds, and floods were changes experienced by smallholder farmers in the rural communities of Dube, Mkhwanazi and Phelathi (Babugura, Mtshali, & Mtshali, 2010). The findings of the study also align with the contributions of Asare-Nuamah and Botchway (2019) who found that 91% and 88% of the farmers noticed that the rainfall pattern and season respectively had changed over the past 30 years in the Adansi North District in Ghana. 
Again, the findings of the study agree with the findings of Antwi-Agyei et al. (2014) who indicated that smallholder farmers were aware of climate change which manifested in increasing temperatures, changes in the onset of the rains, and decreased rainfall patterns. The difference in the findings is that whereas Asare-Nuamah and Botchway (2019) and Antwi-Agyei et al. (2014) provided statistical estimates of their findings, this study qualitatively examined and reported the real experiences of changes in the rainfall pattern, temperature and seasons among smallholder farmers. The findings indicate a rise in temperature and erratic rainfall patterns in the municipality. Also, the findings relate to the findings of Chepkoech et al. (2018) who reported that African indigenous vegetable farmers in Kenya had perceived climate change in the form of increased temperatures, less precipitation, irregular rainfall patterns, late start and early return of rain, and frequent dry spells, increased frequency of droughts and floods. Similar findings were reported by Nyatuame et al. (2014) in their study in the Volta Region of Ghana. 
Further, Mboda's (2020) contribution to the view that a drop in rainfall patterns and rise in temperature over decades as a climate change scenario was also established by the findings of this study. Mdoda (2020) discovered in his study that 94% of respondents observed a decrease in precipitation with time, while 90% felt an increase in temperature over time. The work of Addis and Abirdew (2021), regarding a decrease in rainfall patterns as climate change occurrence, was also noted. According to the Addis and Abirdew (2021) survey, smallholder farmers in central Ethiopia believe that rainfall has decreased, with 49% of respondents (smallholder farmers) agreeing.
The unanimous awareness of climate change among smallholder farmers in this study could be accounted for by the fact that climate change affects the livelihoods of farmers who overwhelming depend on rain-fed agriculture and natural resources  (Olabanji et al., 2021). The findings on climate change manifestations as reported in this study are not so detached from what is found in the climate change literature, especially in Sub-Saharan Africa, the sub-region has been identified as one of the regions that is most susceptible to the adverse impacts of the changing climate (Bryan et al., 2013; IPCC, 2014). This implies that smallholder farmers' understanding of climate change manifestations and how this impacts adaptation measures. Thus, interventions on adaptation to climate change should take into consideration smallholder farmers’ knowledge and experiences of climate change so measures are responsive to the local context. 
This study shows that smallholder farmers in the Nandom Municipality have significant knowledge of climate variability, based on years of farming and observing environmental changes like erratic rainfall, droughts, and rising temperatures. Their awareness aligns with the Knowledge, Attitude, and Practice (KAP) model, which suggests that knowledge shapes attitudes and influences practices. Farmers' observations foster adaptive attitudes toward climate change, but socio-economic and resource constraints often hinder them from fully implementing effective adaptation strategies. These findings underscore the need for climate adaptation interventions that leverage farmers' existing knowledge while addressing structural barriers to improve resilience in agriculture.
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The findings of this study revealed that men and women smallholder farmers are affected differently by climate change because of disparities in their roles, responsibilities, and power relations. For instance, female participants were more concerned about the difficulties associated with access to fresh leafy vegetables such as ‘jangbore’ and ‘Tokpara’ (baobab leaves) for household consumption, shortage of foodstuff as a result of low yield and the problems of increasing workload women have to grapple with when they have to combine sowing on the farm with the tasks of cooking, babysitting, and housekeeping especially when they experience late rains. 
On the other hand, male participants asserted climate change and variability increases pest infestation which affects crop yield, lowers animal productivity, and increases the cost of production by necessitating the purchase of chemical fertilisers and agricultural inputs to be applied to crops on lands that would have produced well naturally. These findings partly confirm the findings of N‑yanbini et al. (2023) who established that men's perceptions of the adverse impacts of climate change centred on the impacts of crop yield and increased cost of production as a result of erratic rainfall patterns while women were more worried about getting access to water and the problems that came with it.  The different experiences of climate change impacts among men and women in this study are consistent with a feminist political ecology perspective on gendered perceptions and the effects of climate change (Elmhirst, 2015). The feminist political ecology theory contends that gender-specific actions are necessary to address climate change since men and women view it differently. This implies that policies intended to enhance smallholder farmers' adaptation to climate change should take into consideration the different perspectives and experiences of males and females to effectively respond to the needs of rural smallholder farmers.
Again, the study revealed that women are adaptable in navigating gendered roles and obligations since some women are prepared to provide for the needs of the family when their husbands are financially handicapped. However, men in the study expressed their worry that when women provide for the household, they usurp the authority of men as breadwinners, which the men view as an infringement on their masculinity. The study found that men are no longer able to control their wives when they usurp male patriarchal roles because the women would take care of themselves without thinking about men. The above finding is critical in understanding notions of masculinity and femininity across the study communities. Thus, the adaptability of women in navigating gendered roles and responsibilities breaks the gendered household power relations between husbands and their wives. Thus, the wives become empowered and can stand shoulder-to-shoulder with their husbands because of their financial leverage hence, their husbands cannot control them. This is due to the historical and customary beliefs which form the basis of men's conceptions of masculinity that men are the family's primary providers, controlling all assets including women as a result. Feminist scholars, however, persistently contest this claim of hegemony (Dery, 2015). Thus, while the dominant rights of men over women in both public and private spheres are sustained, or perceived to be sustained, by patriarchy (Walby 1990), the inability of men to live up to their patriarchal roles serves as a basis for their disempowerment when their wives perform those roles.
In other words, when women are allowed to usurp the authority of men in providing for the household, the men view it as an infringement on their masculinity. This illustrates how males will stop at nothing to uphold their patriarchal position as the heads and breadwinners of their families. Therefore, it follows that when women take care of the home necessities because their husbands are unable to do so, men's hegemonic masculine standing and ego would be challenged, leading to a crisis in masculinity or the men think that their authority is under threat. Notwithstanding these arguments, it is crucial to emphasize that not all individuals who fall under the category of "men" have the same patriarchal rights, even though all men make different contributions to upholding the status quo, whether it be in a public or private setting. According to Dery (2015), patriarchy is a social structure that is dynamic, flexible, and subject to change. Having said that, women who challenge or negotiate patriarchy earn some rights and positions. Therefore, the key to women successfully negotiating patriarchy is power and how it is used. In addition to other social capital such as marriages, the patriarchal inheritance system, the sexual division of labour, social status, and decision-making, cultural norms also function as guidelines for males or as a means for men to appropriate power over women (Kabeer, 1999). In a patriarchal culture, women must thus fight, question, and compromise the existing quo to be acknowledged. It is worthy of note that the shift in gender roles is not unique to the study communities but has also been observed in other studies (Women’s Environment and Development Organization, 2008; Shefer et al., 2008; Babugura, Mtshali, & Mtshali, 2010).  
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The study revealed that gender differences exist in the climate adaptation strategies used by smallholder farmers, despite the fact that both sexes have cross-cutting adaptations. In other words, while male smallholder farmers focused more on on-farm adaptation strategies like cultivating early maturing crop varieties, applying organic and inorganic fertilisers, and ploughing in ridges, women smallholder farmers used more off-farm strategies like shea-butter extraction and processing, pito-brewing, cake-making, soap-making, tailoring, and hairdressing. These results are consistent with the feminist political ecology theory, which holds that gender-specific interventions are necessary to address climate change since men and women have distinct perspectives on it (Boyd, 2002). These findings support those of N-yanbini et al. (2023), who discovered that whilst men were more likely to adapt to new farming methods and advances in storage capacity, women were more inclined to diversify their sources of income. Again, the results partially corroborate those of Antwi-Agyei et al. (2014), who studied farming households in Ghana's Sudan savannah and forest-savannah transitional agro-ecological zones. They discovered that households use a variety of on- and off-farm adaptation strategies, such as altering their diets, planting early maturing varieties, diversifying their crop varieties, and getting support from friends and family, to manage climate variability. However, gender-specific adaptation strategies were not identified.
The results of this study also partially corroborate those of Babugura, Mtshali, and Mtshali (2010), who studied the rural communities of Thelaphi, Dube, and Khwanazi in South Africa. They discovered that both men and women who had previously been solely dependent on agriculture reported that they were shifting from agriculture to non-agriculture-based livelihoods, with income-generating activities and government social grants becoming more significant, even though other land-based activities were still regarded as significant elements of farmers' livelihoods.
Additionally, seasonal migration to Southern Ghana for paid jobs was prevalent among young and healthy men and women smallholder farmers in the study area. Participants explained that aged men, women and the sick are left at home to care for the children until the young men and young return from their temporary labour migrations. Young men are considered more mobile compared to their female counterparts because the females are engaged in housekeeping duties. These findings corroborate the findings of N-yanbini et al. (2023) who found that male household heads were more mobile compared to females because males do not usually engage in housekeeping duties, hence their ability to migrate temporarily to neighbouring communities such as other income-generating opportunities. For both males and females, the age and the health status of participants affected migration (N-yanbini et al., 2023). The findings of this study also corroborate the findings of Babugura, Mtshali and Mtshali, (2010) in their study of rural communities in South Africa in which both men and women engaged in labour migration but men were reported to be more mobile given that men did not have many responsibilities in the home. Babugura, Mtshali and Mtshali, (2010) however concluded in their study that labour migration proved to be an unsuccessful adaptation strategy to climate change. 
More so, the results of the study revealed that crop diversification as an adaptation strategy presents the farmer with an opportunity to grow a variety of crops on a piece of land or multi-cropping; this helps reduce the risk of total crop loss if there is pest and disease infestation of a particular crop kind, or drought that may cause crop failures. Crop diversity enables farmers to harvest a range of crops throughout the year, increasing family food security when this occurs. The numerous crops planted have varying maturity periods, nutrient requirements, and market demand, which makes this possible. The findings are consistent with those found in the Bongo District of the Upper West Region of Ghana by Antwi-Agyei et al. (2014). They reported that crop diversification is a common response to climate change among smallholder farmers.
In Nandom Municipality, farmers’ knowledge of climate change impacts influences their attitudes toward adaptation strategies. For example, male farmers’ understanding of climate risks often prompts a focus on on-farm adaptation measures (like cultivating early-maturing crop varieties and soil management practices). Meanwhile, women farmers’ awareness of climate challenges and resource limitations shifts their attitude toward off-farm income-generating practices, such as shea-butter extraction and tailoring. This difference highlights how knowledge shapes diverse attitudes based on gender roles and resource access.
The attitudes shaped by knowledge about climate risks determine the adaptation practices smallholder farmers adopt. Farmers’ positive attitudes toward minimizing climate risks lead them to take adaptive actions; however, socioeconomic and institutional constraints sometimes limit these practices. Seasonal migration, as an adaptation strategy among younger men and women, exemplifies this connection, where mobility allows temporary income generation but is influenced by household roles and gender norms. This finding echoes the KAP model’s emphasis on how attitudes drive practice but acknowledges the impact of contextual constraints.
Moreover, adaptation practices themselves reinforce knowledge. For instance, crop diversification not only serves as an adaptive strategy but also provides farmers with experiential knowledge, reinforcing the value of these practices in enhancing resilience and food security. As a result, farmers gain practical insights into the benefits of adaptive actions, strengthening their attitudes toward further adaptation efforts.
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The study results revealed that the choice of adaptation strategies is influenced by factors such as socio-cultural and economic factors. Concerning sociocultural factors, women's right to own land is culturally prohibited even though women can access land through their husbands, fathers and brothers. The study found that patrilineal society across the study area re-enforces male dominance in socio-cultural development. Male farmers had the right to inherit and own land, the right to make a decision and the custodian of customs and traditions giving men the greater edge to take actions that are more convenient in terms of climate change adaptation strategies. These findings confirm N-yanbini et al. (2023) assertion that in addition to the agroecological impacts of the changing climate on mankind, societal norms, political beliefs, and gender roles may have a significant impact on an individual's ability.
The results of Babugura, Mtshali, and Mtshali (2010), however, contradict the results of this study. They found that in South Africa, both men and women have equal access to and ownership rights to land, whether through inheritance or land reform programmes (land redistribution, tenure reform, and land restitution). Men and women have equal possibilities to apply for and purchase land, according to the study's findings, which also showed that access to land is granted through an application process. Additionally, they noted in their study that women might apply collectively to purchase land for economic development. Intriguingly, Babugura, Mtshali and Mtshali, (2010) again reported the involvement of women in land administration as part of the Community Trust programme in the Thelaphi community as the community has no chief and no tribal council. The differences in the findings could be attributed to the geographical differences between the studies (South Africa and Ghana) and the differences in the land tenure and administration systems as practised in the study communities. The findings therefore imply that women have limited land-based capacity to adapt to climate change which explains why women in this study employed mainly off-farm adaptation strategies. To enhance women's access to and ownership rights to land, there is the need for gender-inclusive land administration policies which will ensure that the needs of women in access to land are fairly considered. 
Furthermore, the results of this investigation suggest that the dearth of economic prospects and poverty within the research region impede smallholder farmers' capacity to adjust to the adverse effects of climate variability and alteration. Babugura et al. (2010) state that one of the main things that makes it harder to adapt to climate unpredictability is poverty. While smallholder farmers expressed great concern about adapting to poverty and destitution, this situation is not exclusive to the study communities; in Ghana, the Upper West Region has the highest poverty rate, with an increasing percentage of 70.9% of the population living below the national poverty threshold (Rademacher-Schulz et al. 2014; Nyantakyi-Frimpong & Bezner-Kerr, 2015; World Bank, 2020). The study's participants elucidate that smallholder farmers in the studied area encounter numerous interrelated obstacles to advancement, with the majority attempting to manage persistent food scarcities and having nearly depleted their coping strategies. Participants also mentioned that smallholder farmers face unstable financial circumstances and seldom have the chance to seek employment, especially in the formal sector, to make enough money to purchase food when it is available.
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In this chapter, the findings of the research on smallholder farmers’ knowledge on climate change, the impacts of changes in climatic conditions on smallholder farming, adaptation strategies employed by smallholder farmers and the factors influencing smallholder farmers' adaptation strategies have been presented.  Smallholder farmers exhibit knowledge of climate variability and change, which stems from their experiences gained through years of farming. However, there exist gender disparity in their perspectives on climate change and variability. Across the study communities; climate change and variability have disrupted gendered roles associated with masculinity and femininity. Also, from the study findings on smallholder farmers' adaptation strategies to climate change and variability, it can be deduced that both female and male smallholder farmers assert that poverty limits the strategies they adopt amid the negative consequences caused by climate change. Smallholder farmers therefore utilized innovative on-farm and off-farm means to diversify their livelihoods so they can continue to provide for the needs of their families. This entails migration and taking part in multiple revenue-generating activities, especially during the off-season.
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This study explored smallholder farmers' understanding of climate change, the perceived risks of climate change towards smallholder farming, and adaptation techniques in the Nandom Municipality of Ghana's Upper West Region. The study was guided by the assumption that farmers’ knowledge of changes in climatic conditions  and its impacts on smallholder farming activities influence farmers' adaptation strategies. The study draws on the Knowledge, Attitude and Practice (KAP) Model to examined smallholder farmers’ knowledge of climate change, perceived risks of climate change and their adaptation strategies. The literature and conceptual framework show that the interplay between Knowledge, Attitude and Practice (KAP) model emphasizes that knowledge, attitude and practice are interconnected. Following this, the study used a constructivist worldview-based qualitative case study approach for gathering and analysing data. The following sections provide a summary of the synthesised findings.
[bookmark: _Toc181560981]5.2 Summary of Major Findings
The study in the Nandom Municipality reveals that both male and female smallholder farmers possess knowledge of climate variability and change, primarily based on their extensive farming experience. Manifestations of climate change observed by participants include delayed rainfall, erratic patterns, prolonged droughts, and flooding. However, the findings reveal gender disparities in climate change perceptions and adaptation strategies. Men and women emphasized different impacts, with men more focused on effects on crop yields and livestock, while women highlighted challenges in accessing certain crops and increased workloads during specific times of the farming season.
The study found that men largely control the rearing of livestock like goats, sheep, and cattle, while women dominate pig farming. These gendered roles limit adaptation options and highlight the need for policy interventions that consider these disparities to improve adaptation strategies. Older participants also noted that rainfall was once more predictable, which aided planning; however, recent erratic weather patterns have led to guesswork in farming decisions, affecting adaptation strategies.
Economic hardships in the study area drive farmers to engage in environmentally harmful practices such as tree felling for firewood and charcoal. Despite the negative impacts, participants mentioned that decomposing leaves contribute nutrients to the soil, indirectly aiding crop productivity. Gendered power relations were evident, as men expressed concern over losing control if women assumed more roles traditionally viewed as masculine, such as family financial support.
Adaptation strategies varied, with men favoring on-farm approaches like planting early-yield crops and using fertilizers, while women engaged more in off-farm activities such as shea-butter processing, soap-making, and tailoring. Additionally, crop diversification was a common strategy, allowing farmers to grow multiple crops and ensure food security by harvesting at different times.
The choice of adaptation strategies was influenced by factors including socio-cultural norms, economic constraints, and social capital. For example, women’s land ownership rights are restricted, limiting their decision-making power in adaptation. In contrast, men benefit from patrilineal inheritance systems, giving them greater control over land and resources. Gender-specific roles and responsibilities thus shape the adaptation strategies employed, underscoring the importance of tailored interventions that account for these dynamics.
[bookmark: _Toc181560982]5.3 Conclusion
Climate change presents a substantial threat to the livelihoods and well-being of impoverished communities, particularly smallholder farmers, thus posing challenges to sustainable economic development. This research was conducted to explore smallholder farmers' understanding of climate variability, perceived climate-related risks, and adaptation strategies within the Nandom Municipality, Ghana. The study sought to address the following objectives: investigating farmers' knowledge of climate change, assessing the risks they perceive due to changing climate conditions, identifying the adaptation strategies they employ, and examining the factors influencing their choice of adaptation measures.
Employing a qualitative research approach grounded in a constructivist worldview, the study utilized an exploratory case study design to facilitate a detailed examination of smallholder farmers' experiences with climate change within their real-life context. Primary data was gathered through in-depth interviews with 60 smallholder farmers from the communities of Tom and Kussiele, with participants purposively selected based on their farming experience, crop type, and farm size. This approach allowed for a rich, nuanced understanding of farmers' perspectives and enabled the researcher to capture the depth of their knowledge, perceptions, and adaptive responses to climate challenges.
The findings reveal that smallholder farmers, both male and female, are aware of and knowledgeable about climate variability and change, attributing this knowledge to their extensive experience in farming. The study also found that climate change has led to numerous challenges, including reduced crop productivity, animal-rearing issues, and soil fertility decline. These challenges have negatively impacted farm productivity, thereby threatening the livelihoods of these farmers. Additionally, adaptation strategies varied by gender, with men more frequently implementing on-farm adjustments like growing early-maturing crops, while women often turned to off-farm activities such as shea-butter processing and soap-making to cope with the adverse effects.
In response to these findings, the study recommends that policymakers implement targeted, gender-responsive interventions that provide farmers with climate-resilient agricultural training, improved access to resources like credit, and timely climate information. Such interventions would enhance the adaptive capacity of smallholder farmers in the Nandom Municipality, enabling them to better mitigate the risks associated with climate change and sustain their livelihoods.
In conclusion, this research emphasizes the urgent need for climate adaptation support for smallholder farmers in Nandom Municipality. By addressing these challenges with context-specific interventions, stakeholders can help to bolster the resilience of rural agricultural communities in Ghana, ultimately contributing to sustainable economic development.
[bookmark: _Toc181560983]5.4 Recommendations
Based on the research findings, this study offers the following recommendations to enhance climate change adaptation measures for smallholder farmers in the Nandom Municipality and similar regions with comparable climatic conditions and impacts. 
The study revealed that women in the Nandom Municipality face significant barriers in accessing agricultural resources, such as land, which is often allocated to men or marginally distributed to women. To address this, the Nandom Municipal Department of Agriculture, in collaboration with local authorities and traditional leaders, should prioritize equitable land distribution policies that improve women’s access to fertile land. This can help ensure that women have a fair opportunity to cultivate crops with higher resilience to climate change and improve their livelihoods.
Given the differentiated effects of climate change on men and women, Agriculture Extension Agents should adopt gender-sensitive approaches in their service delivery. This includes providing women-specific training sessions that account for their unique challenges, such as limited mobility and time constraints due to household responsibilities. Extension services should encourage women’s participation and support them in adopting environmentally friendly and climate-resilient farming methods, such as organic farming, which can reduce environmental impact and enhance productivity.
To improve the reach and effectiveness of extension services, the Nandom Municipal Department of Agriculture should ensure that Agriculture Extension Agents and Veterinary Officers receive adequate training in gender-responsive adaptation strategies. They should also be equipped with logistics to increase their coverage, allowing them to assist both male and female farmers in effectively responding to climate-related challenges. 
The Ministry of Agriculture, through the Nandom Municipal Department of Agriculture, should support smallholder farmers by providing climate-resilient resources, such as drought-tolerant crops, irrigation systems, and adaptive animal breeds. Given the study’s findings on the different adaptation strategies used by men and women, it is crucial to tailor the distribution of these resources. For example, women, who may not have access to large tracts of land, could benefit more from small-scale, resilient crop varieties or backyard livestock that require less space and maintenance.
Financial constraints often limit the ability of smallholder farmers, especially women, to access the necessary tools and resources for climate adaptation. The Ministry of Agriculture, in partnership with non-governmental organizations (NGOs), should develop funding mechanisms and subsidies that make tools like irrigation equipment and drought-resistant seeds affordable. Special attention should be given to women and other vulnerable groups to ensure equitable access to these resources.
The government of Ghana should consider establishing incentive structures to encourage climate adaptation practices that benefit both men and women. Incentives could include grants, low-interest loans, or tax reductions for farmers who adopt sustainable farming practices and climate-resilient techniques. Collaborative efforts with NGOs could further enhance this by creating financial support systems for women’s agricultural groups, helping to strengthen their capacity to withstand climate impacts.
Community-based adaptation programs that engage both men and women should be strengthened to foster knowledge-sharing on climate risks and adaptation strategies. Programs like farmer field schools could be organized with a focus on the unique needs and roles of each gender. This would create an inclusive platform for both men and women to learn adaptive farming techniques, while also promoting mutual support in addressing climate challenges.
[bookmark: _Toc181560984]5.5 Recommendations for further research
In light of the findings from this study, several future research directions emerge that could further enhance the understanding of climate change adaptation among smallholder farmers, particularly in contexts similar to the Nandom Municipality.
Firstly, future research could explore the long-term impact of gender-responsive agricultural policies on adaptation outcomes. This study revealed significant gender disparities in access to resources, land, and adaptation strategies. Therefore, a longitudinal study examining how gender-focused interventions (such as equitable land allocation, targeted extension services, and financial support for women farmers) affect adaptation capacity over time could provide valuable insights for policymakers. Understanding the effectiveness of these interventions would inform more inclusive policy frameworks that address the unique challenges faced by women farmers.
Another recommended area for future research is the role of social networks and community-based organizations in supporting climate resilience. Social networks can influence the exchange of knowledge and resources among farmers, enabling them to share adaptation practices and innovations. Future studies could examine how these networks operate and how they might be leveraged to enhance smallholder farmers' adaptive capacity. Research in this area would be particularly useful for understanding how informal social structures contribute to resilience, particularly in rural communities with limited access to formal support services.
Additionally, there is a need for research focused on the economic feasibility and sustainability of various adaptation strategies used by smallholder farmers. This study found that farmers employ a range of adaptation techniques, but the cost-effectiveness and long-term sustainability of these strategies are not well understood. Future research could conduct cost-benefit analyses to identify which adaptation measures provide the most resilience with the least financial burden, particularly for low-income farmers. Such studies would help guide farmers and policymakers toward the most practical and sustainable adaptation approaches.
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IN-DEPTH PERSONAL INTERVIEW GUIDE FOR SMALLHOLDER FARMERS
I want to thank you for taking the time to talk with me today. I am a student at SDD-UBIDS. I am conducting a study to understand smallholder farmers’ knowledge of climate change, perceived risks, and farmers’ adaptation strategies/choices in Nandom Municipality, Ghana. I will be asking you to tell me about your personal experiences, but please, there are no right or wrong answers. You can also skip any questions you do not want to answer, and we can stop at any time. I won’t be writing down your name or any other information that could be used to identify you with the responses you provide, so please answer as honestly as you can. Your participation in this interview is voluntary and at no cost to you as an individual and your family. You may choose not to answer any question that you feel uncomfortable with. Please also note that your participation in this interview will not positively or negatively affect the interaction with Farmer Pride. In case you have any question (s) about the study at any time, please feel free to contact me on this telephone number 0548432740.
At this point do you have any question(s) about the study? Do I have your agreement to proceed and audio record the interviews? Yes/No

Section 1: Socio-demographic Characteristics of Respondents
	S/N
	Question
	Response Category

	1
	Name of Community?
	01. Ketuo [   ]  02. Kusselle [   ] 03. Tom [   ] 

	2
	Age of respondent   
	[       ] years

	3
	What is your highest educational attainment?
	01. No formal Education [  ]  02. Primary [  ] 03. JHS/JSS/Middle School [  ] 04. SHS/SSS/O’level [  ] 05. Vocational/Technical Education [  ] 06. Tertiary [  ]

	4
	Marital status of respondent
	1. 01. Single [   ] 02. Married [  ] 03. Co-habitating [  ] 04. Separated [  ]  05. Widowed [  ]  06. Divorced [   ]

	5
	Religious denomination?
	2. 01. Christianity [   ]  02. Islam [   ]   03. ATR [   ] 
3. 04. Other, specify……………………  

	6
	Which of the following would you consider as your main/primary source of livelihood?
	4. 01. Farming [  ] 02. Hairdressing [   ] 03. Petty trading [   ] 04. Seamstressing [    ] 05. Weaving [   ] 06. Teaching [   ] 07. Civil service [   ] 
5. 08. Other, specify……………….

	7
	Which of the following would you consider as your secondary source of livelihood?
	6. 01. Farming [  ] 02. Hairdressing [   ] 03. Petty trading [   ] 04. Seamstressing [    ] 05. Weaving [   ] 06. Teaching [   ] 07. Civil service [   ] 
08. Other, specify……………….

	8
	What is your household size
	[         ] People

	9
	Have you ever received any form of training/capacity building on farming?
	01. Yes [  ] 02. No [   ]

	10
	If yes in question 9, who provided you with the training?



Section 2: Climate Change Awareness among Smallholder Farmers
I want to learn more about your farming experiences in the past. 
1. How many years have you been farming?
2. How has been your farm productivity over the years? Probe on whether there is a decline or increase in productivity.
3. What kind of crops do you cultivate in the past?
4. Do you still cultivate the same crops nowadays?
5. Do men and women cultivate the same crops? Probe why men are likely to cultivate specific crops differently from women
6. Could you explain why the same or different crops are being cultivated over time?
7. Will you describe the climatic variability as being the same or there have been some changes over the period?
8. Do you think that the weather patterns have any influence in determining the types of crops you cultivate?
Section 3: Perceived Effects of climate change on smallholder agriculture
9. In your opinion, what are some of the effects of climate change on you as a man/woman?
-Probe on whether climate change affects children: boys vs girls
-In what ways are these effects experienced by the different categories of people within the household?
10.  In your opinion, what are some of the impacts of climate change on the household in terms of decision-making among couples? 
11. How will you describe the impacts of climate change in the community in terms of power relations among couples? 
10. How will you assess the impacts of climate change on male and female smallholder farmers in this community?
11. Do you think there are differences in experiences regarding how male and female smallholder farmers negotiate climate change?
12. Who is more vulnerable to the vagaries of climate change variability? (e.g., men, women, boys, girls)
13. What are your reflections on the impacts of climate change on gender relations in the household? Probe the notion of male breadwinning roles, men as family providers, conjugal power dynamics, migration dynamics,  etc.
14. How will you describe men who fail to live up to their patriarchal roles and expectations as breadwinners as a result of the impacts of climate change?
15. Do such men feel less of a man (e.g., less respected) vis-à-vis other men in the community?
Section 4: Smallholder Farmers’ Choice of climate change adaptation strategies and factors influencing the adopted strategies
16. In what ways do men and women manage climate change? 
17. What factors influence male and female farmers’ different adaptation strategies? e.g., socio-cultural, economic, and political structures, including decision-making dynamics/processes, education, access to assets/input/labour, and social networks/capital.
18. How do male and female farmers adapt differently to climate change? Probe for the causes of the differences/similarities in climate adaptation strategies
19. Are there some cultural and gender norms influencing male and female farmers' adaptation choices?
20. Any comments/suggestions about the research?

image1.png
rsoew

zavoew

STUDY DISTRICT AND COMMUNITIES

Legend

District Capital
Study Communities
Other Towns

Road Network

District Boundary

6 Kilometers

rsoew

oo

wsven




image2.jpeg




