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[bookmark: _Toc137733545]ABSTRACT

Climate adaptation is the process through which vulnerable farmers and families use measures to lessen the negative effects of climate fluctuation on ecosystems and livelihoods. To mitigate the impact of climate change on agricultural livelihoods, smallholder farmers adopted adaptation measures that might lessen the hazards associated with climate change. The study seeks to examine climate change adaptation strategies and livelihood vulnerabilities of smallholder farmers in the Sissala East Municipality in the Upper West Region of Ghana. The study employed the concurrent embedded mixed method research design for data including a survey of 120, focused group discussions key informant interviews. Data was analyzed using the Livelihood Vulnerability Index (LVI) to examine livelihood vulnerability of smallholder farmers, Fractional Probit regression model in analyzing the effects of climate adaptation approaches on farmers’ livelihood and the Poisson regression model was used to analyze the factors influencing farmers’ climate adaptation intensity in the study area. The results of the study reveal that, the various changes in climate perceived by farmers in northern Ghana include changes in the timing or predictability of rains, and overall drier conditions and both changes are corroborated by precipitation datasets and farmers who are more vulnerable are more likely to increase their climate adaptation strategies intensity to enhance farm production and productivity to combat food insecurity. The study therefore recommends that, therefore, the government through the Ministry of Agriculture as well as non-governmental organizations should introduce masseuse to reduce climate change in rural areas as well as address farmers' vulnerability to climate change to ensure farmers' vulnerability does not increase beyond farmers' threshold point. 
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[bookmark: _Toc137733547]INTRODUCTION 
[bookmark: _Toc114659085][bookmark: _Toc137733548]1.1 Background to the Study
Globally, climate change has emerged as a significant developmental concern, particularly for poorer nations where rain-fed agriculture is a primary driver of socioeconomic growth (Mondal, 2019). Scientific data supports the existence of climate change and its detrimental effects, particularly on the poor who depend on agriculture for a living (Cobbinah & Anane, 2016). The idea of climate change has gained popularity and drawn attention on a worldwide scale for many years (Dian et al., 2015).

Of course, not all-weather occurrences are caused by global warming, but it is certain that human-caused climate change is already altering natural weather patterns and making extreme weather situations worse (Trenberth, 2018). On a socioeconomic level, the impact of short-term effects like flooding, cyclones, and drought is typically prolonged, intensified, and more frequent (Herring, 2020). The mid- and long-term physical effects of climate change will include sea level rise, a loss of biodiversity, and tremendous pressure on ecosystems in addition to an increase in weather extremes (Müller-Kuckelberg, 2012).

The ability to adapt to climate change is nothing new for humans. Farmers have adopted adaption strategies over the years that can assist mitigate the negative consequences of climate change (Ewards, 2013). Even though this did not lead to the highest levels of output, climate adaptation has been shown to increase yields and lessen the difficulties associated with poor agricultural productivity. Climate adaptation is often either proactive or reactive (Dapilah et al., 2020). Reactive adaptation techniques try to respond to climate change consequences after they have occurred, whereas proactive adaptation mechanisms are used to prepare for them (Mabuku et al., 2019; Shongwe et al., 2014). The most susceptible nations and societies are in Africa, particularly in the regions south of the Sahara, according to assessments of the regional implications of climate change (Hulme, 2013). The African continent had a temperature increase of almost 1°C during the past century, which is more than the world average (Wang et al., 2021). There is no question that global warming is happening and that its negative impacts are already being felt. It should be highlighted that because its ecosystems and cultures are often only acclimated to a restricted range of climatic changeability, Africa is particularly sensitive to minor changes in temperature and precipitation (Müller-Kuckelberg, 2012).

Sub-Saharan Africa (SSA) countries are the most susceptible to the consequences of climate change despite the area producing very little greenhouse gas (Serdeczny et al 2017). Indeed, the Intergovernmental Panel on Climate Change (IPCC) assessment from 2007 and its Fifth Assessment Report (AR5) both confirmed Africa's susceptibility to the worst effects of climate change (IPCC, 2014). Due to their agricultural economic foundations, most nations in SSA are susceptible to climate-related shocks, and Ghana is no exception. For instance, humans respond to the real and anticipated effects of climate change through climate adaptation (Miller, 2017). Unsurprisingly, current environmental activities in Africa are focused on preparing for climate change adaptation (Epule et al., 2017). In addition to climate mitigation, climate adaptation is crucial to protecting families from the immediate effects of climatic shocks. As a result, farm households can rely on climate adaptation for survival (Trenberth, 2018). Although climate adaptation has many benefits, it can also have negative effects on the ecosystem (Enriquez-de-Salamanca et al., 2017), hence this issue must also receive the necessary attention (Juhola et al., 2016).

According to Arndt, Asante, and Thurlow (2015), a drop in agriculture production has a detrimental knock-on impact on the productivity of non-agricultural sectors of the economy. Additionally, the impacts of climate change on households in Ghana are unequal; frequently, the poor, rural, and Northern households are the ones that suffer the most (Dapilah et al., 2020). According to Asante and Amuakwa-Mensah (2015), climatic variability and change continue to make life worse for impoverished Ghanaians, the majority of whom are women and children. Farmers employ a variety of adaptation techniques to lessen the effects of climate change on agricultural productivity and household income. Also, farmers in SSA including Ghana use climate adaption measures to spread out climate risks and lessen climate consequences (Antwi-Agyei et al., 2014). The study of Nyantakyi-Frimpong & Bezner-Kerr (2015) revealed that farmers adjust to climate change to lessen its negative effects on farming by practicing climate change mitigation strategies. Climatic adaptation therefore has the potential to gradually lessen both the risks brought on by climate variability and the susceptibility to climate change (Fentie & Beyene, 2019).

[bookmark: _Toc114659086]Due to favorable climatic conditions, the Sissala East Municipality in Ghana's Upper West Region is well known for growing basic grains such rice, millet, guinea corn, and maize. The enormous pace of deforestation brought on by human activities, however, has recently made the climate unfriendly for a good output (Fagariba, Song & Soule, 2018). The Sissala East District's vegetation is significantly impacted by several human activities such as felling of trees, which makes living conditions for the locals intolerable. It has also exposed the soil to severe erosion, which has resulted in the loss of soil nutrients and an erratic rainfall pattern, both of which have an impact on farmers' crops (UNDP, 2011).

[bookmark: _Toc137733549]1.2 Problem Statement
In the past two decades, the Northern Region of Ghana, which produced 40% of the nation's grains and legumes, now produces less than 25% (UNDP, 2011; Fagariba et al., 2018). Farmers' attempts to mitigate the negative effects of climate change in the area through the usage of fertilizer have not been successful enough. To mitigate the effects of climate change, the Ministry of Food and Agriculture (MOFA) and associated research organizations have suggested interventions like crop diversification, agroforestry, drought-resistant crops, and livestock rearing. However, these suggestions have not adequately addressed the dire conditions in the area. It is therefore important to carefully study the various scholarly discussions about smallholder farmers' adaptation techniques to climate change in their local and global contexts while considering their effects on livelihoods. 

There are many studies (Napogbong et al., 2021; Derbile et al., 2016; Williams et al., 2018) on climate change and adaptation strategies in developing economies where Ghana is inclusive. For instance, Lawson et al (2019) study of the views and adaptation strategies of women farmers in semi-arid Ghana discovered that, most families continue to adopt subsistence production techniques, such as mixed farming and out-migration, as their adaptation strategies. Similar studies by Azumah et al. (2020) have shown that, most Ghana's smallholder farmers, particularly those in the north, have adopted several climate change adaptation strategies, including shifting planting dates, planting early maturing varieties, row planting, refilling, and planting drought-tolerant varieties.

According to Adzawla et al. (2020), the amount of climate change's impact on farmers' livelihoods was statistically significantly influenced by age, loan availability, households without non-farm economic activity, household per capita consumption, and the frequency of recent floods. Their research also showed that factors like education, credit, Farmer Based Organisations (FBOs) participation, the number of jobless family members, nonfarm income, environmental warnings, and droughts had a substantial impact on farmers' climate vulnerability (Adzawla et al., 2020). Aniah et al. (2019) discovered that small holder farmers used asset sales, household relocation, and food restriction or reduction as ways to cope with the effects of climate change. Aniah et al (2019) research on farm adaptation techniques revealed that farmers varied planting dates, used drought-tolerant crop varieties, and engaged in certain conservation agriculture activities based on their native knowledge. According to Azumah et al. (2017), the primary coping and adaptation techniques used by farm households in northern Ghana were treating farms with weedicides and insecticides, planting in rows, crop rotation, mixed cropping, and farming.

If access to meteorological information is increased, the effects of little rainfall and excessive temperatures that frequently cause drought, dry spells, and dry ups of water bodies that impair agricultural productivity might be reduced. The study conducted by Fagariba et al. (2018) demonstrated that cultural practices such as better seeds, shifting planting dates, drought-resistant crops, short-duration crops, composting, and mulching are among the measures being used in the Sissala West Area to adapt to climate change.

The studies presented above demonstrates that several scholars have written extensively on the climate change adaptation strategies of smallholder farmers in the upper West Region and Northern Ghana. For instance, Azumah et al. (2017); Antwi-Agyei (2018); and Williams et al. (2019) all concluded that, the use of improved seeds, adjustments to planting dates, application of fertilizer, and cultivation of drought-resistant crops are some of the adaptation strategies used by households in Northern Ghana in response to the negative effects of climate change. 

In the Upper West Region of Ghana, agricultural systems are subject to climatic variability (drought, floods, excessive sunlight, and bushfires), according to research by Derbile et al. (2016) on the double tragedy of agri-cultural susceptibility to climate variability. They discovered in their study that smallholder farmers have had low agricultural returns due to climatic variability (bad yield, wilting, and death of crops). Additionally, Antwi et al. (2015) used a community vulnerability assessment index to give evidence of the Upper West Region of Ghana's communities' flood susceptibility. This study, therefore, draws on the perceptions of vulnerability to climate change among smallholder farmers, assessing vulnerability to climate change and the implications for adaptation strategies and livelihood vulnerability index.

[bookmark: _Toc114659087][bookmark: _Toc137733550]1.3 Research Questions
[bookmark: _Toc114659088][bookmark: _Toc137733551]1.3.1 Main Research Question
The main research question is, does climate change adaptation strategies affect livelihood vulnerabilities of smallholder farmers in the Sissala East Municipality?
[bookmark: _Toc114659089][bookmark: _Toc137733552]1.3.2 Specific Research Questions  
The main research question was followed by the following specific questions to guide the research process to achieve the purpose of the study: 
1. What are the vulnerabilities of smallholder farmers to climate change in the Sissala East Municipality?
1. What are the factors influencing climate adaptation intensity of smallholder farmers in the Sissala East Municipality? 
1. How does climate adaptation strategies and other socioeconomic factors affect livelihood vulnerability of smallholder farmers in the Sissala East Municipality?

[bookmark: _Toc114659090][bookmark: _Toc137733553]1.4 Research Aim and Objectives
[bookmark: _Toc137733554][bookmark: _Toc114659091]1.4.1 Research Aim 
The aim of this study is to assess the climate change adaptation strategies and livelihood vulnerabilities of smallholder farmers in the Sissala East Municipality.
[bookmark: _Toc114659092][bookmark: _Toc137733555]1.4.2 Specific Objectives 
The specific objective the study sought to achieve include: 
1. To assess the vulnerabilities of smallholder farmers to climate change in the Sissala East Municipality. 
2. To determine the factors influencing climate adaptation intensity of smallholder farmers in the Sissala East Municipality. 
3. To assess the effects of climate adaptation strategies and other socioeconomic factors on the livelihood vulnerability of smallholder farmers in the Sissala East Municipality.

[bookmark: _Toc114659093][bookmark: _Toc137733556]1.5 Scope of the Study 
The research analyzes the methods used by smallholder farmers in the Upper West region's Sissala East Municipality to adapt to climate change. The study examines how susceptible smallholder farmers are to climate change, as well as some of the implications of their adaptation strategies on their livelihoods, and it pinpoints the variables that affect how they adjust to the shift.

Given that it is situated in one of Ghana's poorest regions, where most of the population lives in poverty and depends on natural resources, particularly agriculture, and that it is suitable for the production of staple grains like rice, millet, maize, and guinea corn, the Sissala east was selected (SEDA, 2014). For instance, smallholder farmers make up 76% of households in the Sissala East Municipality (Ministry of Food and Agriculture, 2010). In addition, this region is situated in the hottest and driest region of Ghana (USAID, 2011, EPA, 2011), making its residents more susceptible to the effects of climate change than their counterparts in the south. Since most farmers in the Sissala East are illiterate and the municipality's meteorological department is understaffed, it is challenging to inform them of any early warning systems connected to weather characteristics (MOFA, 2010). As a result, farmers mostly use their local expertise to forecast the weather.

[bookmark: _Toc114659094][bookmark: _Toc137733557]1.6 Significance of the Study 
Global agriculture productivity is facing serious risks from climate change. Africa, and more especially Sub-Saharan Africa, seems to be experiencing more severe climate change-related issues. The Northern, Upper West, and Upper East regions of Ghana are semi-arid, and smallholder farmers who live in rural areas predominate there. These smallholder farmers' agricultural activities rely greatly on rainfall. 

This research work has contributed immensely to the search for effective adaptation strategies that will enhance the ability of local people especially smallholder farmers to withstand climate change shocks. It has also contributed to policy decisions which are responsive to the challenges of climate change in Ghana, especially the northern sector. The work has ironed out the adaptation strategies used by smallholders as well as the effects of their adaptation strategies on their livelihood’s vulnerability. In particular, the study has discovered the vulnerabilities of smallholder farmers to climate change and has come up with ways of addressing some of the weaknesses of some adaptation strategies with the aim of facilitating sustainable adaptation for smallholder farmers. 

Additionally, climate change is an important cross cutting issue and is never exhaustive through single research. Therefore, this study has also contributed to research on the adaptation of climate change in northern. The entire study serves as one of the reference materials for future researches. This has not only promoted academic successes through a contribution to the body of knowledge to academics and policy makers but has also helped the rural communities to sustain their livelihoods.

[bookmark: _Toc114659095][bookmark: _Toc137733558]1.7 Delimitation of the Study
The Sissala East Municipal was chosen because it is one of the districts where the Resilience Against Climate Change Social Transformation (REACH STR) project has been implemented and a study of this kind has not been conducted in the study area which triggered the researcher’s attention to assess the adaptation strategies used by smallholder farmers in response to climate change. The researcher believes that conducting this study would improve the climate change adaptation strategies employed by smallholders in the study area and the country.  

The study was also limited to smallholder farmers, specifically those who have attained the ages of Eighteen (18) years and above including men and women. These include smallholder farmers, who cultivate all kinds of crops in the district. 

[bookmark: _Toc114659096][bookmark: _Toc137733559]1.8 Limitations of the Study
The major challenge of the study was time. This challenge has limited the study to cover only three farming communities in the Sissala East Municipality, instead of all the farming communities within the Municipality. As a result, the study relied on some probability sampling techniques for generalizations and draw inferences from it.  Also, language barrier was another limitation of the study since the researcher do not understand the local dialect spoken in the study area and must rely on research assistants for data collection.

[bookmark: _Toc114659097][bookmark: _Toc137733560]1.9 Organization of the Study	
This thesis is organized into five chapters. Chapter one introduces the research while chapter two reviews relevant literature on the study. Chapter three discusses the research methodology including the research methods and the data collection instruments. Chapter four presents the results and the analyses of the research while chapter five presents the summary of the findings, conclusion, and recommendations of the study.
[bookmark: _Toc114659098]


[bookmark: _Toc137733561]CHAPTER TWO
[bookmark: _Toc114659099][bookmark: _Toc137733562]LITERATURE REVIEW
[bookmark: _Toc114659100][bookmark: _Toc137733563]2.0 Introduction 

This chapter explored literature on the conceptual and theoretical issues on climate change. Concepts such as climate change, climate adaptation, adaptation strategies, drivers of climate adaptation, climate vulnerability among smallholders and the conceptual framework for the study are discussed in this chapter. 

[bookmark: _Toc114659101][bookmark: _Toc137733564]2.1 The Concept of Climate Change
The idea of climate change has gained popularity and is generating debate worldwide (Dian et al., 2015). The most immediate effects of weather and climate are frequently felt during extreme meteorological occurrences such heavy rain and snow, droughts, heatwaves, cold waves, and storms, particularly tropical storms. Nevertheless, understanding large-scale changes in the climate is crucial. These can cause or intensify other serious incidents including food insecurity, wildfires, avalanches, floods, and landslides (WMO interim report, 2020).

The World Meteorological Report (2020) states that the effects of climate-related events on human security, livelihoods, economies, infrastructure, and biodiversity already pose hazards to society. Ecosystem services are also impacted by climate change. It may have an impact on how people use natural resources, as well as how resources are distributed within and across nations. Both specific events and climate change have a significant impact on the ecosystem. Droughts, wildfires in forested and peatland regions, land degradation, sand and dust storms, and desertification are examples of negative environmental consequences on the land. 

In 2020, large sections of interior South America were severely drought-affected due to global climate change, with the worst-affected regions being Northern Argentina, Paraguay, and Brazil's western border regions. The northeastern part of Argentina saw its second-driest January-August period on record, while rainfall in Paraguay was also significantly below average at that time. With additional losses in Argentina, Uruguay, and Paraguay, estimated agricultural losses in Brazil were close to $3 billion USD (WMO Report, 2020).

The World Meteorological Report (2020) states that after years of reduction, the recent rise in food insecurity that began in 2014 is mostly caused by armed conflict, a slowing economy, climatic variability, and extreme weather events. In 2019, around 750 million people, or almost 10% of the world's population, experienced extreme food insecurity. Nearly 690 million people, or 9% of the world's population, were undernourished (WMO Report, 2020).

Additionally, 145 countries and territories throughout the world saw 33.4 million additional internal displacements in 2019 and 2020, which were brought on by complex socioeconomic vulnerabilities and, frequently happening concurrently, environmental degradation and climate-related calamities. Floods, droughts, and storms caused by climate change have affected more than 50 million people twice over (WMO Report, 2020). 

Overall, Africa’s agriculture that contributes about 15% to the continent’s Gross Domestic Product (GDP) (Oxford Business Group, 2019) is under threat by the changing climate through declining soil fertility, high temperatures, and irregular rainfall pattern which results in unexpected ﬂoods and droughts.

Climatic projections using existing data have indicated that prolonged and more intense droughts are likely to cause SSA to become drier by 2040 (Boyd et al, 2013). Other studies have also indicated that the determination of appropriate climate variation adaptation strategies in SSA is difﬁcult due to different biophysical challenges related to geographical location (Thomas et al, 2007). Therefore, the prolonged drought, temperature, food security, and diseases that are repercussions of climate change should be tackled using perceived and pragmatic adaptations approach. Even though the impression of climate change may not always be accurate, it may still be a helpful component of a solution (Fagariba et al., 2018).

Because of global warming, altered precipitation patterns, and a rise in the frequency of some extreme events, climate change has already had an impact on food security. Studies that isolate the effects of climate change from other factors on crop yields have revealed that, while yields of some crops (such as maize, wheat, and sugar beets) have recently increased in many higher-latitude regions while decreasing in many lower-latitude regions because of observed climate changes (IPCC, 2019); African pastoral systems' production and animal growth rates have decreased as a result of climate change. Strong evidence suggests that agricultural diseases and pests have already reacted to climate change by both increasing and decreasing their infestation rates (IPCC, 2019).
Due to the low resilience of small-scale farmers, who make up most of the agriculture sector, studies have shown that the current rate of environmental degradation and climate change in Africa will cause a faster rise in temperature in the 21st century. This will have an impact on food security (Thomas et al., 2007 cited in Fagariba et al., 2018). Further research has shown that temperatures in West Africa rose by 0.5 to 0.9 degrees Celsius between 1990 and 2010, and it has been anticipated that the magnitude would rise by 2050 (Sissoko et al, 2011). A "vulnerability hotspot" for climate change has been identified as West Africa (Palazzo et al., 2017), primarily because of the region's reliance on rain-fed agriculture and the difficulty of adjusting agriculture to shifting climatic circumstances (Riede, et al, 2016). 

[bookmark: _Toc114659102][bookmark: _Toc137733565]2.2 Climate Change in Ghana
Ghana is expected to face temperature rises, severe occurrences including droughts and floods, and an increase in the frequency and length of heat waves in the future. The country will also likely grow drier and hotter. Variable rainfall will continue, increasing in some places while decreasing in others. Later in the year, the rainy season will begin, and the frequency and severity of heavy rainfall events will rise (USAID, 2018). Negative environmental effects such soil erosion, deforestation, recurring droughts, desertification, land degradation, and the loss of biodiversity, including animals, are likely to be the outcome. Important industries including forestry, health, water resources, and tourism are under risk (USAID, 2017).  Food insecurity concerns are anticipated to rise in response to water shortages and drought conditions, which may also escalate conflict over limited resources and population shifts. Sea level rise may also have an influence on much of the nation's coastline (USAID, 2017).
Due to Ghana's high rate of urbanization and the comparatively huge population shift from rural agricultural livelihoods to urban areas, the nation confronts extra issues from climate change. The burden on service delivery, the need for adaptation, and finance is being increased by climatic stressors including floods and droughts (UNDP, 2019). The country's efforts to reduce poverty and continue developing face significant challenges from environmental degradation, impacted water resources, loss of biodiversity, and ecosystem services. These issues also make the country more vulnerable to risks and hazards, making it crucial to take sustainable adaptation and resilience measures (GTNC, 2015).

In Ghana, climate change and its effects are pervasive. Due to Ghana's agricultural economy and strong reliance on rainfed agriculture, climate change would have an impact on crop output there, which would then have an impact on the whole country's economy and efforts to achieve food security (Armah et al., 2011). Food production is already threatened by drought, soil erosion, and bushfires, especially in the country's north (Armah et al., 2011). According to Arndt, Asante, and Thurlow (2015), a drop in agriculture production has a detrimental knock-on impact on the productivity of non-agricultural sectors of the economy. Additionally, the impacts of climate change on households in Ghana are unequal; frequently, the poor, rural, and northern households are the ones that suffer the most. According to Asante and Amuakwa-Mensah (2015), climatic variability and change continue to make life worse for impoverished Ghanaians, the majority of whom are women and children.

Ghana's economy is sensitivity to climatic fluctuation and change; hence the future growth and development remain in danger. Infrastructure, hydropower generation, food security, and coastal and agricultural lifestyles are all significantly impacted by rising sea levels, droughts, hotter temperatures, and irregular rainfall (WBG, 2021). Communities in Ghana's semi-arid, coastal, and wetland regions are exposed to food insecurity and unstable livelihoods due to the country's climatic and socioeconomic conditions, which also result in unsustainable agroecological systems, failed crops, and unproductive rangelands (USAID, 2017). The country is confronted with enormous challenges from a changing climate to its ecosystem, economy, and society. Ghana is subject to increased aridity, droughts, extreme rainfall events, and flooding. Ghana is also very susceptible to natural calamities and risks. The nation is vulnerable to a variety of weather-related threats, particularly those resulting from floods and droughts in the Northern Savannah area (GTNC, 2015).

The danger and severity of water shortages and drought have increased nationwide, according to the World Bank Report (2021). Water, agriculture, and forestry are the main industries impacted. The likelihood of flash floods and riverbank overflow increases as intense rainfall events become more frequent. Additionally, this might lead to crop waterlogging and soil erosion, which would reduce yields and raise the risk of food insecurity, especially for subsistence farmers. Additionally, a period of drought that killed most food crops came before these floods. Reduced crop yields and animal stress may also result from rising temperatures and greater aridity (USAID, 2017). 

Economic losses, harm to agricultural fields, damage to vital infrastructure, and fatalities are expected to follow from this. Additionally, land degradation and soil erosion, which are made worse by frequent floods and droughts, have a negative influence on agricultural productivity and the livelihoods of rural poor people. Because they have less means with which to deal with these hazards, small rural farmers are more susceptible to the effects of calamities (floods, dry spells) (GTNC, 2015). The current tensions between agricultural and human population water needs, especially during the dry seasons, are likely to get worse as temperatures rise in Ghana and the effects of climate change become more apparent. This will also likely change the quality of the water that is available from surface water and groundwater, which will put more strain on urban areas (USAID, 2018). 

With later onsets projected to have an influence on crop productivity and livestock health, changing rainfall patterns are anticipated to have a considerable impact on agricultural production and harvest seasons. Increased aridity and drought have continued to be one of the primary causes of food insecurity in the nation, resulting in crop destruction, loss of pasture and water supplies, animal deaths, hunger, disease outbreaks, asset depletion, malnutrition, and migration (IFPRI, 2012). Unseasonably high temperatures, soil fertility issues, and inadequate soil water retention capacity have all been linked to excessive droughts in Northern Ghana, according to a related study (Biesbrock et al, 2013). In the previous two decades, the Northern region of Ghana, which produced 40% of the nation's grains and legumes, currently produces less than 25%. (Dasgupta et al, 2010). According to the research of Damnyag et al. (2021), the Northwestern region of Ghana is experiencing the effects of climate change. Due to the extreme weather conditions observed in these regions, farmers in Ghana's Northern region which comprises the Upper East, Upper West, Northern, and some portions of the Bono, Ahafo, and Oti regions are anticipated to be the most impacted. 

One of West Africa's climate change susceptibility areas is Northern Ghana (Yiran & Stringer, 2016; Riede, et al, 2016). All the country's agro-ecological zones are anticipated to see very variable rainfall, while temperatures are predicted to rise (Adu-Prah et al, 2019). They went on to say that severe occurrences like droughts and floods, which are directly related to climate change, are anticipated to occur more frequently in Ghana. Food production will undoubtedly be impacted, which will have major effects on agricultural households' ability to support their families (Chemura & Bernhard, 2020; Dapilah & Nielsen, 2020). Risks will rise as the climate changes in Ghana's Northern Savannah Ecological Zone, which is where agricultural output is concentrated and where poverty rates are at their highest (USAID, 2017). The health and agricultural sectors are particularly at danger from climate change in Northern Ghana because of changed rainfall patterns and coastal flooding (UNDP, 2019).

[bookmark: _Toc114659103][bookmark: _Toc137733566]2.3 The Concept of Climate Adaptation
Coping and adaptation have emerged as two fundamental ideas in the research on social responses to climate change during the past 25 years. Within the fields of study, policy, and practice, there has been discussion on the meaning of these ideas. In describing social reactions to environmental stress, coping comes before adaptation. Its roots are in the literature on development studies, specifically the framework for sustainable livelihoods (Antwi-Agyei & Nyantakyi-Frimpong, 2021). But adaptation is a more sophisticated kind of coping. According to the IPCC, adaptation to climate change refers to changes made to natural or human systems in response to present or anticipated climatic stimuli or their consequences, which limit harm or take advantage of advantageous possibilities. According to popular perception, adaptation is the process through which vulnerable farmers and families use measures to lessen the negative effects of climate fluctuation on ecosystems and livelihoods (James & Washington, 2013).

Farmers use their own methods to lessen the negative effects of climate change on their livelihoods, and Africa has already been made aware of adaptation (Fagariba, Song & Soule, 2018). According to Antwi-Agyei et al. (2014), farmers in Ghana and sub-Saharan Africa use climate adaption measures to spread out climate risks and lessen climate consequences. In a similar vein, Nyantakyi-Frimpong & Bezner-Kerr (2015) found that farmers adjust climate change to lessen its negative effects on farming. Climatic adaptation therefore has the potential to gradually lessen both the risks brought on by climate variability and the susceptibility to climate change (Fentie & Beyene., 2019). According to Antwi-Agyei et al. (2012), adaptation is the greatest strategy for tackling the dangers posed by climate change for poor nations (Antwi-Agyei & Nyantakyi-Frimpong, 2021). This is required to protect farmers' livelihoods and rural communities' ability to feed their families. Understanding the coping and adaptation strategies used by smallholder farmers in Ghana's climate vulnerability areas is critical for managing climate risks (Antwi-Agyei & Nyantakyi-Frimpong, 2021).

Climate adaptation is frequently used as a preventative, curative, or proactive technique to lessen the effects of climate change (Adzawla and Kane, 2019). Humans must respond to the real and anticipated effects of climate change through climate adaptation. Unsurprisingly, current environmental activities in Africa are focused on preparing for climate change (Epule et al., 2017). In addition to climate mitigation, climate adaptation is crucial to protecting families from localized and immediate effects of climatic shocks. As a result, farm households can benefit from a practice called climate adaptation. Although climate adaptation has many benefits, it can also have negative effects on the ecosystem (Enriquez-de-Salamanca et al., 2017), hence this issue must also receive the necessary attention (Juhola et al., 2016).

Adaptation has been described in a variety of overlapping ways. Differences between gradual and transformative adaptation are one (Kates et al, 2012). Incremental adaptations to climate change are expansions of habits and actions that already lessen the negative effects of natural climatic variance and severe occurrences or increase their positive effects. It indicates change that is more than usual for most authors (Feola, 2015). According to some scholars, these adaptation strategies run the danger of perpetuating unsustainable behaviors in a situation where the environment is changing (Dilling et al 2015). This reactive strategy for adaptation frequently adopts a strongly technocratic and managerial viewpoint, where potential climate threats are seen as a series of recognizable risks that call for a variety of institutional and technological solutions to maintain the status quo in the face of climate change (Antwi-Agyei & Nyantakyi-Frimpong, 2021).

When compared to incremental adaptations that are novel to a given location or resource system, transformational adaptations are adopted at a far bigger scale or intensity (Kates et al, 2012). Transformation is predicated on the idea that adaptation should contest the underlying factors that cause or maintain risk (Feola, 2015). In other words, adaptation should attack the root reasons at a societal level rather than just addressing the visible symptoms of susceptibility (Eriksen, et al 2015). Political ecology research, which contends that exposure to climate shocks is significantly influenced by existing inequality, disempowerment, and marginalization, serves as the foundation for transformational adaptation (Blaikie et al, 2014).
According to Pelling et al. (2015), "adaptation as transformation" refers to giving top priority to initiatives that have the potential to divert current social systems (and their underlying institutions, structures, and actor positions) onto alternative development lanes even before the constraints of available adaptation options are reached. Also, there are two ways to adapt to the climate: proactive and reactive. Reactive adaptation techniques try to respond to climate change consequences after they have occurred, whereas proactive adaptation mechanisms are used to prepare for them (Mabuku et al., 2019; Shongwe et al., 2014). Control of soil erosion and the installation of irrigation dams for water supply for crop-based agricultural systems are two examples of reactive adaptation measures. On the other hand, it is proactive in nature to create new crop cultivars, modify planting and harvesting dates, apply fiscal (taxation) incentives, subsidies, and crop insurance programs.

In the fight against climate change, stakeholders and international organizations have viewed adaptation techniques as effective measures to combat severe poverty, hunger, food insecurity, and other effects of climatic variability (Etwire et al, 2013). Similar to this, workable current adaptation Strategies might be coordinated with fresh adaptation approaches that have the potential to quickly enhance the environment for farmers. Therefore, to improve the ability to distinguish between the facts and perceptions of climate change, adaptation restrictions and strategies must be supported by scientific evidence from farmers.

[bookmark: _Toc114659104][bookmark: _Toc137733567]2.4 Climate Change Adaptation Strategies
Nations that are particularly sensitive to climate change, are at higher risk of experiencing frequent or severe natural disasters. Climate change adaptation techniques have attracted global, regions, and nations attentions (WMO Report, 2020). Therefore, climate change mitigation strategies have become a cornerstone to reduce the impact of climate change on agriculture and socioeconomic development. In Ghana, there are differences in households' approaches to coping with climate change and fluctuation. The livelihood group and asset holding level of the households, as well as the ecological zone in which the household is located, may be partly responsible for these discrepancies. Investments in climate smart agriculture practices, better water management, improved monitoring and early warning, the creation of knowledge and decision-support systems, and the creation of new crop varieties and farming-related technologies are just a few of the adaptation strategies for Ghana's agriculture industry. Improved fertilizer management integration and increased use of drought-resistant cultivars can assist increase yields for key crops including maize, rice, and cassava (IFPRI, 2012).

For instance, households in the Northern savannah zone of Ghana adapt by increasing the amount of land cultivated, gardening during the dry season, involving women in more agricultural tasks, growing early-ripening, high-value crops, diversifying into livestock rearing, and using more fertilizer, among other things. The country's resilience would be significantly improved by irrigation infrastructure and reliable agricultural water supplies, which would also increase production potential and smallholder farmers' livelihoods (World Bank, 2021).

Climate change impact in the Northern Ghana has been documented. To mitigate the impact of climate change on agriculture, farmers have adopted adaptation measures that might lessen the hazards associated with climate change (Adzawla et al, 2019). In general, mankind has long adapted to changing climates. Farmers have adopted adaption tactics over the years that can assist mitigate the negative consequences of climate change. Even though this did not lead to optimal output levels, climate adaptation has been shown to increase yields and lessen the difficulties associated with poor agricultural productivity (Azumah et al, 2020). Most studies have investigated some of the technique’s farmers have used to adjust to climate shocks.

Two of the most popular adaption strategies among farmers are the use of early maturing seed types and row planting. Research organizations all throughout the nation have recently begun to introduce early maturing seed variants. These are intended as a response to the increasingly irregular and brief showers (Adzawla et al, 2019). Changing the planting date is one of the most important climate adaptation tactics used by farmers in Ghana, particularly in the North, according to Alhassan et al. (2019).

One of the most common methods employed by farmers in Ghana to distribute the risk of climate change is mixed farming. The practice of raising both crops and animals on the same property at the same time and in the same location is known as mixed farming. Due to the significant influence of climate change on agricultural yields, it has emerged as a crucial adaptation approach. Crop producers also raise livestock and poultry, which occasionally supply labor and fertilizer for crop farms, to disperse risks across agricultural enterprises (Adzawla et al, 2019). 

According to Azumah et al. (2020), some of the main climate change adaptation tactics employed by farmers in Northern and Southern Ghana include shifting planting dates, planting early maturing kinds, row planting, replenishing, and sowing drought-tolerant types. The adoption intensity varies from district to district, with Northern Ghana having a greater adoption intensity than the South. In semi-arid Ghana, Lawson et al. (2019) looked at the views and adaption tactics of women farmers. They discovered that most of the families still practice subsistence production methods such mixed farming and out-migration in response to climate dangers. According to Aniah et al. (2019), smallholder farmers used the sale of family possessions, household relocation, and food restriction or reduction as solutions to deal with the consequences of climate change.

Aniah et al. (2019) discovered that farmers were altering planting dates, utilizing drought-tolerant crop types, and engaging in certain conservation agricultural measures based on their indigenous knowledge. According to Azumah et al. (2017), the primary coping and adaptation techniques used by farm households in Northern Ghana were treating farms with weedicides and insecticides, planting in rows, crop rotation, mixed cropping, and farming. Leguminous crops, zero tillage, mulching, composting, and agroforestry are effective farming techniques for enhancing soil nutrient levels. Related research has revealed that farmers in Northern Ghana, notably in the Sissala region, favor low-cost cultural practices for yield-boosting and climatic variation adaptation (Fagariba, Song & Soule, 2018). The authors argued that farmers' attempts to mitigate the negative effects of climate change in the Upper West area through the usage of fertilizer have not been successful.  The Ministry of Food and Agriculture (MoFA) and other research organizations have suggested interventions like crop diversification, agroforestry, drought-resistant crops, and livestock rearing to combat the effects of climate change, but these measures have not adequately addressed the dire conditions in the area, according to their arguments.

Antwi-Agyei & Nyantakyi-Frimpong, (2021), claims that farmers have used a variety of adaptation techniques throughout the years to minimize climate threats. The main adaptation techniques used by smallholder farmers in Ghana include the use of indigenous knowledge, the planting of drought-tolerant crop varieties, intensifying irrigation, migration, modifying the planting schedule, crop diversification, mixed farming, and sustainable land management techniques. In recent years, the planting season for crops in Northern Ghana has shifted from early April in 1960s to late April or early May due to the unpredictable nature of precipitation and the changing environmental conditions, especially rainfall amounts and distribution, according to Nyadzi et al. (2020) and Salvini et al. (2016). 

As a result, it is anticipated that smallholder farmers in Ghana's Northern Region would experience more of the negative consequences of climate change. This is mostly because farmers in these areas are unable to adequately adjust to climate change (Damnyag et al, 2021). It has also been demonstrated that some farmers in Northern Ghana utilize fertilizers, early maturing crop types, fallow land farming, mulching, and other practices with the main objective of reducing the effects of climate change on agricultural production (Aquah & Kendie, 2017).

[bookmark: _Toc114659105][bookmark: _Toc137733568]2.5 Climate Vulnerability among Smallholder Farmers
Climate-related hazards, human and natural system vulnerability, exposure, and capacity for adaptation are all factors that interact intricately to determine the risk of climate-related effects. The globe is still on track to surpass the agreed-upon temperature thresholds between 1.5 °C and 2°C as result of industrialization. The industrialization result to high greenhouse gas emission levels, which would increase the danger of much more ubiquitous consequences of climate change than are presently evident. Throughout the year 2020, climate and weather events have had a significant and wide-ranging influence on population migrations and the vulnerability of individuals on the move (WMO Report, 2020). The degree to which a system is vulnerable to or unable to handle the negative consequences of climate change, particularly climatic unpredictability, and extremes, is known as vulnerability (IPCC, 2020). The degree to which an agricultural system is sensitive to or unable to withstand the detrimental effects of climate change, including climate change and extreme weather events, is referred to as vulnerability in agriculture (Hinkel, 2011). According to Räsänen et al. (2016), climate change is the primary factor influencing how vulnerable humans and other animal-based production systems are. If steps are not taken to reform the conventional agricultural systems, Ghana's and Africa's developmental problems would remain unsolved. 

According to studies, Africa is particularly sensitive to climate change because of its poverty, lack of access to technology, economic difficulties, harsh weather patterns, and subpar agricultural policy (Antwi-Agyei et al, 2012). Further research by the team indicated that farmers' susceptibility to climate change in Africa is heightened by institutional, financial, educational, social, and technical impediments. Since Ghana's agriculture depends heavily on rainfall, it is extremely sensitive to climate change and fluctuation. Because of this, the industry is known for having poor production levels. Since barely 2% of the nation's irrigation capacity is being used, irregular precipitation patterns have a serious negative impact on output. Most of Ghana's agriculture is still dependent on ran-fed cultivation (USAID, 2017). 

The vulnerability of Ghana to climate change has grown over time. Since 1960, there has been an increase in average annual temperatures of 1.0 °C, and by 2060, this increase is anticipated to reach between 1.0 and 3.0 °C. Additionally, during the 1960s, the average annual precipitation has decreased by almost 2.5% (Azumah et al, 2020). Due to the impact on the socioeconomic and infrastructure sectors, exposure to numerous elements including droughts, bushfires, and floods considerably influences how vulnerable humans are to the consequences of climate change in Ghana (USAID, 2012). According to research by Antwi-Agyei et al. (2012), families in the same agroecological zones vary equally in their susceptibility to climate change. Shah et al. (2013) also noted that Livelihood Vulnerability Index (LVI) varied within communities, particularly because of variations in sociodemographic traits, health, and access to water. Similarly, Dendir and Simane (2019) findings suggested that LVI varies depending on the farmer's agroecological location and is higher for those who live in lowland agroecological zones. LVI was used by Antwi-Agyei et al. (2012), who discovered that even within the same agro-ecological area, families and communities had varying degrees of climate sensitivity, which was mostly influenced by socioeconomic factors including access to money and productive assets.

Adzawla et al. (2020) concluded that, the level of climate change impact on the farmers' livelihoods in Northern Ghana was statistically significantly influenced by age, credit access, households without non-farm economic activity, household per capita consumption, and the frequency of recent floods. Their research also showed that factors like education, credit, FBO participation, the number of jobless family members, nonfarm income, environmental warnings, and droughts had a substantial impact on farmers' climate vulnerability. According to Afriyie et al. (2017), the most susceptible household assets were farmland, human health, housing, and financial savings. The impacts of flooding on families' assets were also broken down by gender groupings. 

Sujakhu et al. (2019) used the LVI technique to estimate household vulnerability in Nepal to investigate how cultural and gender-related views impact livelihood vulnerability in indigenous mountain farming groups. They discovered that being a member of underprivileged social groups and having a female head of family were the main causes of susceptibility. One benefit of assessing LVI is that it enables evaluation of the influence of socioeconomic and other elements within the human system, in addition to climatic influences, on vulnerability.

A study found a negative correlation exists between livelihood vulnerability and FBO membership. This suggests that farmers who joined to FBO were less likely to become climate change susceptible.  FBOs are crucial sources of social capital needed to improve farmers' capacity for adaptation (Azumah et al, 2020). Similar to this, FBOs offer medium for idea exchange and for carrying out development initiatives like programs for climate adaption. Consequently, with this extra benefit, farmer group members would be able to lessen their members' vulnerability to climate change (Sujakhu et al 2018).

According to Ncube et al. (2016), the poor are more vulnerable to climate change because they frequently lack the money needed to dispose their assets in the event of a climatic shock. It is noted that families in Ghana's North are more exposed to the effects of climate change due to the climatic variances between the North and South of the country (Azumah et al, 2020). 

Climate change's impact on food security in Africa is being made worse by weather extremes combined with years of continuous cultivation on the same piece of land. Due to the region's low resilience, studies have indicated that Sub-Saharan Africa (SSA) increasingly views climate change as a security threat (Fagariba, Song & Soule, 2018). This suggests that the susceptibility of farmers and households is increased by weather extremes, barren soil, and subpar agricultural technologies.

According to research, the vast livestock rearing technique used in Northern Ghana has made the region more susceptible to climate change since the livestock there are directly affected by the high temperatures. This has an impact on animal health, nutrition, reproduction, and disease prevention. Low quality feeding, slow development, and even mortality of their animals is caused by dry pastures and heat stress brought on by high temperatures during dry seasons (Fagariba, Song & Soule, 2018). Furthermore, it has been found in previous research that high temperatures have an impact on the development, harvesting, and storage of highly perishable crops, such as vegetables like tomatoes, peppers, onions, and eggplant, making farmers more susceptible to climatic changes.

[bookmark: _Toc114659106][bookmark: _Toc137733569]2.6 Drivers of Climate Change Adaptation
A farmer's estimate of the realistic advantages that may be produced in the future affects the adaptation approach they choose. Research has shown how gender has a significant impact on the techniques farmers use to adapt to climate change. Farmers who identify as female are required to use resource management and adaptation practices (Mulwa, Marenya, Kassie, 2017). The results of Teklewold et al. (2013), however, showed that the gender of a farmer was a statistically inconsequential variable to influence a farmer's selection of an adaptation approach.

The decision of a farmer to choose an adaptation strategy is significantly influenced by his or her farming experience and education. Numerous studies have shown that improving education and information dissemination is an effective policy approach for encouraging local participation in natural resource management initiatives and other development projects (Mulwa, Marenya, Kassie, 2017). The choice of an adaptation strategy by a farmer is predicted to be positively impacted by education.

The debate, harmonization, and sharing of climate-related observations might be supported by large households, which could have a good impact on farmers' knowledge of climate change. A large household may only utilize hired labor, which might result in a lack of understanding of climate change (Damnyag et al, 2021). Therefore, the size of the family might have a beneficial or negative impact on the farmer's awareness of and implementation of climate adaptation measures. 

A farmer may be able to increase their expertise and buy larger farms if their farm revenue is higher. For instance, a larger household income can make it possible to have fewer financial restrictions, which would increase the adoption of technology (Damnyag et al, 2021). On the other hand, a low household income will result. Therefore, it is likely that a farmer's decision to choose an adaptation method will be influenced by farm revenue in both positive and negative ways.

If a farmer has access to information on climate change via media like television, radio, and newspapers, such knowledge may help raise awareness of the issue. Farmers can choose adaptation techniques that help them cope with the effects of climate change thanks to improved agriculture and climate knowledge (Mulwa, 2017, quoted in Damnyag et al, 2021). Membership in a farmer-based organization (FBO) might boost farmers' awareness of climate change since different perspectives on climate change experiences from different farms will be shared. This may also make extension contacts more easily accessible, which would increase their knowledge of climate change (Damnyag et al, 2021). As a result, it is probable that an FBO membership will impact a farmer's decision to choose an adaptation method in both good and bad ways.

[bookmark: _Toc114659107][bookmark: _Toc137733570]2.7 Conceptual Framework 
The study was motivated by the DFID framework for sustainable livelihoods development.  The livelihood framework examines the complexity of poor people's means of subsistence and survival. It aims to comprehend the numerous facets of an individual's way of life, their methods and goals, and the chances and limitations that go along with them. Poor individuals frequently engage in a variety of complicated and intricate livelihood strategies and activities. Agriculture and other resource-based industries may be significant for rural residents, but they also engage in a variety of other activities, some of which are related to agriculture and the natural resources industry and others are not (Ashley and Carney, 1999).

Producing for consumption or the market, participating in the labor market, or working at home are all examples of strategies. Poor urban residents rely on a variety of different sources of income, including various jobs and self-employment ventures (Ashley and Carney, 1999; Vogel et al, 2007). In this study, methods for coping with the shocks of climate change are studied from the viewpoint of the individual smallholder farmer. When resources are partially pooled, poor people frequently use a variety of techniques.

According to this concept, people or families are susceptible to shocks, seasonality/sensitivity, and trends. These shocks include weather-related pressures including droughts, floods, outbreaks of pests and diseases, and even complete economic collapses (Ashley and Carney, 1999; Yaro, 2013). For this study, the term “seasonality" refers to the reality that many rural livelihood practices, particularly in agriculture, cause income to fluctuate seasonally. People attempt to lessen seasonal revenue swings or their susceptibility to them to improve their livelihood security (Yaro and Hesselberg, 2006).

However, with the five capital resources or livelihood assets (items that provide a source of income or consumption for people). They are also things that people invest in to increase their future income or consumption, such as natural resources, financial resources, social resources, physical resources, and human resources. With the assistance of the public and private sectors, they can manage and lessen their vulnerability to achieve their livelihood goals. The term "social resources" refers to socially built norms, groups, or connections, sometimes known as "institutions," that might further beneficial goals (Vogel et al, 2007; Yaro, 2013). In general, people are less susceptible to certain shocks and trends the more assets they possess. If assets are not secured, shocks may quickly destroy them, and if livelihoods are able to adapt to change, negative patterns can cause them to degrade over time. Because they do not have access to these five capital resources, people are far more susceptible to environmental and economic shocks. However, the success and sustainability of smallholders' adaptation strategies to climate change are significantly influenced by government policies, institutional frameworks, and other actors or players in the private sector, such as Nongovernmental organizations (Farmer-based organizations and other NGOs) engaged in livelihood adaptation to climate change.

In other words, access to these five capital resources, along with government policies on climate change adaptation and the actions of other private sector participants, greatly influence smallholder farmers' capacity to achieve their goals for climate change adaptation. This intend affect the effectiveness and sustainability of farmer adaptation strategies (Ashley and Carney, 1999).  The impacts on the security of livelihoods and the effects on environmental sustainability may be differentiated among their goals or results for livelihoods. Assets used to support a livelihood may benefit or suffer because of livelihood tactics and results. Improved livelihood asset accessibility and the resulting rise in livelihood security, particularly in terms of income growth and income stability, food security, welfare, and risk reduction, are frequently significant goals in rural livelihood initiatives. Environmental sustainability is handled as an outcome variable rather than an aim and may or may not be an objective (McGray and Bradley, 2007, Kristina, 2012).

Due to their reliance on rainfed agriculture, most of the Sissala East population are farmers, and climate change has put their way of life at significant risk.  This takes the shape of dry spells during the growing season, windstorms, and floods that obliterate crops, farms, and properties, as well as the occurrence of pests, illnesses, and weeds that affect crops and animals. Therefore, smallholders respond to these climatic threats by using their own strategies like livelihood diversification, charcoal production, finding off-farm employment, moving to other areas during times of low crop yield and property losses due to floods and droughts, hunting, petty trading, livestock production, etc. to reduce the risks posed by these climatic hazards so that they can achieve their livelihood targets of increased household income and food security. 

However, the ability to access the livelihood resources that are available to households in the district, such as arable land, financial resources, climate information, Agriculture extension services, irrigation facilities, farm implements, and agro-inputs like chemical fertilizers, weedicides, and pesticides, is necessary for the adaptation of these strategies to meet the livelihood objectives of smallholders. Different households have varying degrees of access to these resources for a living, which causes variations in the adaptability of households. Due to the variance in adaptation abilities among families, vulnerability levels also change among them. Households may change their tactics in the future for improved results based on the results of current methods (livelihood outcomes). The results of their adaption tactics may potentially offer a positive or negative feedback mechanism to the climate system itself. Below is a diagram which shows the conceptual framework which was adopted and modified from DFID.
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[bookmark: _Toc137732665]Figure 2.1: Conceptual framework for the study 
Source: Adopted and modified from DFID (1999)
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[bookmark: _Toc137733573]3.0 Introduction 
This chapter presents the location of the study area; characteristics of the study location; research design approach; sampling procedure; data collection methods and tools; and the data analytical approaches. 

[bookmark: _Toc114659110][bookmark: _Toc137733574]3.1 Location of Study Area 
The study was conducted in the Sissala East Municipal of Upper West region, Ghana.  The study area was created in 2004 by LI.1766, with Tumu serving as the district capital as part of the government’s decentralization strategy (GSS, 2021). Geographically, the district is situated in Ghana's Upper West region in the North-East. It lies between Latitudes 10.000N and 11.000 N and Longitude 1.300 W in the country. The total land mass is estimated to be 4,990 square kilometers, representing about 26% of the total landmass in the region.  Burkina Faso is its neighbor to the North, Kasen Nankana and Builsa District to the east, West Mamprusi District to the south-east, Wa East and Nadowli District to the south-west, and Sissala West District to the west (GSS, 2021).  The Sissala East Municipal is a business and socioeconomics activities hub as it is located close to the border. The municipality is ideally situated for improved socio-economic, cultural, and political interaction with the adjacent districts as well as Burkina Faso due to its geographic location (GSS, 2021). Figure 3.1 presents the map of Sissala East Municipal.
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[bookmark: _Toc137732666]Figure 3.1: Sissala East Municipality Map

[bookmark: _Toc137733575]3.2 Characteristics of the study location 
[bookmark: _Toc137733576]3.2.1 Relief and Drainage
The Sissala East Municipal terrain is moderately undulating. It is often characterized by gently declining latitudes between 220 and 290 meters in the Valley of Sissili River and between 330 and 365 meters in the northern section. The Sissili River and its tributaries, which run in a south-eastern direction to join the White Volta, are primarily responsible for draining the region. Along with this, there are several tributaries and other nameless streams (GSS, 2021; SEDA, 2014). 

Although these water bodies can help agriculture during the dry season, they also obstruct the building of roadways and community access during the wetter months. The fact that most of these rivers and streams flow continuously is a notable characteristic of them. During the dry season, the Sissili River's flow is reduced to sporadic pools. Many of the district's streams might be improved to enable farming during the dry season. It is necessary to drill boreholes to replace the district's periodic water scarcity due to the rivers' continual drying, which may have contributed to population exodus during the dry season. The Sissili River's fertile valleys sustain a vegetative cover that serves as a habitat for wildlife and further guards against erosion (MOFA, 2010; NRGP, 2012).
[bookmark: _Toc137733577]3.2.2 Geology and Soils
The Sissala East Municipal geography is gently sloping, and it is surrounded by recently formed granitic rocks. Low rainfall, rapid evaporation, and little vegetation cause the granitic and bromine rocks to weather quickly, forming shallow soils rich in minerals that might be used for cultivation. Meta-sediments and meta-volcanic rock formations are features of the district's bromine and granitic geological formations. A 65% chance of subsurface water is produced by bromine production. Municipal geology must provide the possibility of developing subsurface water resources. The area has a variety of soil types that enable plant development to vary degrees. The municipal has a variety of soil types, including Terrace or Alluvial soils, Savannah ochrosols, and Tropical brown earth.  These soils are better suited to produce cash crops like cotton as well as crops like millet, maize, sorghum, and yam (NRGP, 2012). When organic manure and chemical fertilizers are applied, they respond favorably and provide a high yield. These soils have the potential to increase agricultural productivity with sufficient rainfall and effective farming techniques (MOFA, 2010).
[bookmark: _Toc137733578]3.2.3 Vegetation and Climate
Sissala East Municipal is in the Guinea Savannah zone. The vegetation is primarily made up of grasses, with a few smatterings of fire-resistant trees including shea nut, baobab, and dawadawa trees (MOFA, 2010). Another typical tree of this vegetative zone is the acacia. The many groups of these trees provide domestic needs for fencing gardens, building dwellings, making charcoal, and building cow kraals. The shorter shrubs and grasses serve as cattle feed. As a result, there has been a significant inflow of Fulani into the area. To ensure environmental sustainability and long-term food security, their operations must be properly supervised and managed. One of the district's most valuable economic resources is the shea nut tree, and the most typical method for getting the fruits from the field to the house has been head portaging. The shea nut industry has the potential to advance sustainable socioeconomic development and growth (GSS, 2014).

The Sissala East Municipal has a tropical continental climate. Temperatures are high throughout the year with a maximum of 420C during the day and a minimum of 230C at night. The weather condition is promising for plants' growth and functioning. The average monthly temperature varies from 210 to 320 degrees Celsius. The minimum temperature falls to roughly 120C in December when the Harmattan winds from the Sahara dry off the flora, and the monthly maximum temperature is recorded as 400C before the rainy season in May (MoFA, 2010).
The municipality is experiencing a unimodal rainy season. The rain normally starts in March/May and subsides in September/October. Farming is the major livelihood occupation for the people in the municipality in the rainy season. Due to the long dry season, many of the farmers, particularly the youth migrate to urban centers and the southern part of the country to search for alternative livelihoods while waiting for the next rainy season (MOFA, 2010). This has repercussions for the district's food security. 
[bookmark: _Toc137733579]3.2.4 Demographic characteristics
The settlement structure of Sissala East Municipal is predominantly rural and widely dispersed. Following the 2021 Population and Housing Census report, the municipality has a total population of 63,828 with 49.44 percent as males and 50.56 percent as females. (GSS, 2021). Over 85% of the population lives in rural areas. 

Majority of households are connected to GRIDCo as the result of the rural electrification initiative.  The area, power is currently available to most homes. Protected wells, boreholes, rivers, and streams in municipality are the major sources of drinking water. Many of these homes share restrooms with one or more other households, while others utilize free-range facilities. The settlements are not physically planned properly. Most homes are constructed with mud and iron roofs, especially in rural areas; only a small number are constructed with cement blocks and aluminum roofing sheets, which are mostly utilized in the Tumu Township (SEDA, 2014).

Firewood and charcoal are the primary cooking fuels in most houses (80% and 19%), with LPG being used in 1% of them. Radios and other common products are owned by more than 70% of homes. Motorcycles and bicycles are the most popular forms of transportation among families. Most people and households get their living mostly from farming. When there are prolonged dry periods, the overreliance on rain-fed agriculture causes many households to be unemployed, which has a direct negative impact on the increase of family income (GSS, 2014).

Adults have an extremely low level of formal education, with 92% of the population having no formal education. Because households cannot keep track of their income and expenses, it is impossible to assess family income and spending. However, it is possible to assume that household spending is mostly on necessities like food, housing, and clothes. Many households barely scraping by due to their economic activity subsistence nature (GSS, 2014). The neighborhood is made up of several cultural customs. Celebration of the "paaraGbiele" festival, which is held once a year, is among the good cultural traditions of the populace (SEDA, 2014). The Sissalas have their social gatherings, such as outdooring, weddings, burials, clothing, and the like, much like every other tribe in Ghana. The Dagaabas scattered around the area and the Kasena in the eastern corridor each have distinctive cultures that can be merged to advance district development. Despite their varied cultural traditions, the residents of the neighborhood are quite enthusiastic about doing collective work (GSS, 2014).

Sissalas, who make up approximately 88% of the population, owns the district. However, the Kasenas (5%), Dagaabas (3%), Moshies (2%), and 2% of other ethnic groups make up the district's migrant groups (MoFA, 2010). Despite the district's multiethnic population, people live there in harmony. The district's religious makeup, on the other hand, is composed primarily of Muslims (81%), Catholics (10%), Traditionalists (5%), and others, who make up roughly 4%. Despite the district's diverse religious makeup, there are friendly connections between different religious groups.  
[bookmark: _Toc137733580]3.2.5 Structure of Local Economy
The district's major industry is agriculture, which accounts for around 76% of its total output, followed by the service and retail sectors, which account for 15% of its output. With a contribution to the district economy of just 9%, the industrial sector has the smallest percentage of the local economy. The district is primarily rural, with more than 80% of the population living in rural communities and working on farms. Because of this, the majority of the population is employed in occupations connected to agriculture. Most of the population engages in subsistence farming, with a small number cultivating crops like cotton for profit. The district's primary agricultural products include millet, maize, sorghum, and rice. Cotton, yam, cowpea, and peanuts make up the remainder.  In the district, raising animals is a secondary activity. Cattle, sheep, goats, donkeys, swine, and poultry are among the species raised (NRGP, 2012). The district has 10 dams in all, each of which may hold water for a brief period during the dry season. The Sissili and Wahabu rivers, which drain the region to the east and northwest, are also present.  These are the main sources of captured fisheries, but the activities of the fishers are difficult to capture for quantitative estimates. 

[bookmark: _Toc114659119][bookmark: _Toc137733581]3.3 Research Design
This study aims to assess the farmers’ climate change adaptation strategies, their vulnerability to climate change as well as factors influencing LVI and climate adaptation intensity. There is a need for both qualitative and quantitative data to achieve the study objectives. Therefore, the study employed the concurrent embedded design. The concurrent embedded design is a type of a mixed methods design where a researcher employs both qualitative and quantitative procedures at any point in time in the research process including questionnaire designing, sampling techniques, data collection process, and data analytical strategies (Creswell and Clark, 2011; Lisle, 2011; Creswell and Garrett, 2008; Tashakkori and Creswell 2007). 

The use of the concurrent embedded design in conducting research is geared towards complementarity, in-depth understanding, and validation (Ganle, 2013; Creswell and Clark, 2011). This research design is grounded on pragmatic research epistemologies or philosophical assumptions. That is, it is a consequence-oriented, problem-centered, and multicultural perspective (Creswell, 2003). This philosophy strongly recognizes both the qualitative and quantitative nature of human experiences by linking theories to data. In doing so, the pragmatist, mostly employ abductive reasoning, which has been frequently reported to be very important especially in the integration stage of the mixed method designs which the study employed. Hence, using mixed research design like the concurrent embedded design is very important as it employs multiple strategies to understand the problem under investigation. 

This study employed a concurrent embedded design for several motives. First, it was used as its robust approach for contributing wide and flexible ways of understanding farmers' adaptation decisions and vulnerability to climate change (Boni, 2008; Oomen 2002; Berry, 1993). Second, the triangulation of primary information from different farmers' attitudes towards climate change as a mixed-method research design seeks convergence, complementarity, and validity checks for the subject under investigation. The third reason for using this design is that it allows a researcher to collect both closed-ended quantitative and opened-ended qualitative information (Creswell, 2003). This helps a researcher to have a better and more in-depth understanding of issues in the research process.  The ability to undercover the complex of climate adaptation strategies and vulnerability among farmers needs to combine different research design approaches to better ascertain the dynamics of farmers' climate adaptation strategies and livelihood vulnerability. Consequently, the choice of concurrent embedded research design for the study. 

[bookmark: _Toc114659120][bookmark: _Toc137733582]3.4 Sampling Procedure and sample size 
The study employed a multi-stage sampling procedure to select the study area and farmers for the study. The first stage, simple random sampling by lottery method was used to select Sissala East Municipality from the rest of the REACH STR districts in the Upper West region of Ghana. Secondly, the selection of the study area in the region to assess climate change adaptation and livelihood is based on the region’s increasing vulnerability to climate change and the high incidence of poverty (Derbile et al., 2016). In the second stage, communities in the Municipality were cluster into three zones (North, South and Central zone) and simple random techniques by lottery method were used to select three communities (Chinchang, Navirawie, and Dimajan) in the Municipality to ensure full representation of the population. In the third stage, convenience sampling technique was used to select 120 respondents in the three communities. By using the convenience sampling technique, any farmer who was free and willing to participate in the study was interviewed in these communities. According to the principle of (Nwana, 1992), a sample size of 40% or more is appropriate for populations of a few hundreds, a sample size of 20% is appropriate for populations of a several hundreds, a sample size of 10% is appropriate for populations of a few thousands, and a sample size of 5% or less is appropriate for populations of a several thousands. The data was collected in July 2022.  

[bookmark: _Toc137733583]3.5 Data Instruments and Data Collection Methods
[bookmark: _Toc114659122][bookmark: _Toc137733584]3.5.1 Questionnaire Administration 
A structured questionnaire was designed for the study data collection and administer to smallholder farmers.  The questionnaire contains background information of farmers, such as age, sex, marital status, education, family size, source of income, and asset ownership.  This allowed the researcher to partially respond to the study questions about the variables that affected farmers' adaptation techniques in the Sissala East Municipality. A section on farmers' perceptions of climate change indicators was included in the questionnaire. Such climate change indicators include floods, droughts, rainfall length and severity, temperatures, windstorms, and bushfires.  

In addition, a section on adaptive capacity, sensitivity, and exposure indicators was part of the questionnaire which help to construct Livelihood Vulnerability Index. Lastly, the climate change adaptation intensity and factors influencing climate adaptation intensity section was created for the farmer to select which adaptation strategies they adopted to mitigate climate change impacts. 
[bookmark: _Toc114659123][bookmark: _Toc137733585]3.5.2 Key Informant Interview
The Key Informant Interview (KII) instrument was designed and deployed to collect qualitative information. One representative of MOFA and two extension officers from the municipality were interviewed using the KII by the researcher. These people have in-depth knowledge and information about climate change and adaptation strategies available in the municipality. 

Farmer susceptibility to climate change, farmer adaptability to climate change, and farmer adaptation to climate change were all topics under discussion using the KII. The researcher was able to maintain control over the participants' conversations by employing an interview guide while conducting the interviews. It also made it simple for him to compare answers from other respondents, ensuring that all questions were answered and providing a solid foundation for compiling and evaluating data.
[bookmark: _Toc114659124][bookmark: _Toc137733586]3.5.3 Focus Group Discussion 
To gather crucial viewpoints and perspectives from farmers on their susceptibility to climate change, their adaptation tactics and intensity, and the effects of their adaptation on their livelihoods, a Focus Group Discussions (FGDs) was conducted using a focus group guide. The FDGs provided an opportunity for the farmers to express and discussed important concerns, which resulted in the fusion of ideas. One FGD was held in each community in the study area. That is, three FGDs were conducted to supplement the structured questionnaire data. Each community had one group each with six men and six women. Because the researcher wants to encourage women to openly discuss with males, the groups' makeup was intended to be mixed gender. For the FGDs, majority of the participants were chosen mostly based on their knowledge expressed on the topic during the questionnaire survey. However, a few of them were chosen because they are well-known in their communities for their agricultural expertise, capacity to boost crop output and capacity for speaking openly in public.
[bookmark: _Toc137733587]3.6 Data Analytical Strategy 
[bookmark: _Toc137733588]3.6.1 Assessing farmers' livelihood vulnerability to climate change. 
Livelihood vulnerability is one of the important drivers to assess farmers' vulnerability levels. Following the IPCC (2007), the livelihood vulnerability assessment determines the ability and capacity of a farmer to respond to climate hazards or the ability of a person to secure his/her livelihood.  The Livelihood Vulnerability Index (LVI) was propounded and has been applied by several researchers (Hahn et al., 2009; Madhuri et al., 2014; Simane et al., 2016; Richardson et al., 2018; Azumah et al., 2020). Three major components constitute the LVI which include adaptive capacity, sensitivity, and exposure. Each of these major components has minor components. The LVI approach is flexible and allows a researcher to determine the effect of specific indicators on the cumulative LVI. The procedure to compute the LVI has been outlined by Hahn et al. (2009).  Four procedures were followed to assess LVI in this study.
1. The LVI is determined by three major components: adaptive capacity, sensitivity, and exposure of farmers to climate change. Each of the major components has sub-components to determine the overall LVI for farmers. By detailed literature review, a list of sub-components of indicators was obtained and used to compute the LVI (Hahn et al., 2009; Gerlitz et al., 2016; Adu et al., 2018; Huong et al., 2018; Oo et al., 2018).  
2. Different units of measure were employed to measure the sub-indicators for the LVI. It is therefore important to normalize the measurements to a constant unit of measurement for all indicators. The indicators were normalized by  the  denote the normalized value for each sub-indicator, the  denotes the observed value of the sub-indicator,  denotes the maximum value of the observed indicator, and the  denotes the minimum value of the observed indicator. 
3. The third stage was to compute the index for each major indicator following the normalization of each sub-indicator.  Each major indicator was calculated as follows: , the MI denotes a major indicator, and the W is the number of components under each MI. 
4. The overall LVI for each farmer was then determined by the summation of all MI divided by the total number of the overall components of the LVI.   Thus,  based on this composite indexing, the LVI range between zero (0) and one (1).  Zero LVI value denotes less vulnerable, and one denotes more vulnerable. This implies that the lesser the LVI value the least farmers are vulnerable to climate change and related shocks and vice visa. 

The descriptive statistic tool was then employed to assess the level of farmers' vulnerability level in the study area. The results will be presented as means and standard deviations.
[bookmark: _Toc137733589]3.6.2 The factors influencing climate adaptation intensity of farmers. 
Climate adaptation intensity was measured on the number of climate adaptation strategies a farmer adopted. That is climate adaptation intensity is a count variable, and the Poisson regression model is the best analytical tool to examine the drivers of climate adaptation intensity. The Poisson regression model is a special case of generalized linear regression model where the stochastic random component assumed Poisson distribution. A response variable (Y) assumed Poisson distribution with a parameter π if it takes integer values (Y= 0, 1, 2, 3……n) (Greene, 2008).
Mathematically, the standardized Poisson regression model is presented as.

		(3.3)
Where  indicates climate adaptation strategies a farmer adopted,  is for the factors expected to influence adoption intensity. 

The expected mean parameter   denotes the expected number of events and it is expressed as  vector of unknown parameters to be estimated (Cameron and Trivedi, 1998). If it is assumed that the observations are independent, then the log-likelihood function with the estimation can be mathematically presented as: 
                             (3.4)
Therefore, the empirical model for climate adaptation intensity among farmers can be expressed as:
                          (3.5)
[bookmark: _Toc137733590]3.6.3 Effect of climate adaptation strategies and other socioeconomic factors on farmers’ livelihood vulnerability. 
One of the major objectives of this study is to examine the effects of climate adaptation strategies and other socioeconomic factors influencing farmers' livelihood vulnerability. The response variable is the LVI. The value of LVI range between zero and one. A fractional regression model is employed when an outcome variable of interest is measured as a fraction. That is, it has been designed to handle response variables like LVI whose value is greater than or equal to 0 and less than or equal to 1. The outcome variable of interest is often observed when proportions are generated from aggregated binary outcomes (Papke and Wooldridge, 1996; Papke and Wooldridge, 2008). 
The fractional probit model is a quasi-likelihood estimator like a generalized linear regression model. The model of the mean dependent variable, in this case, LVI is conditioned on covariates (X). The model assumed that a researcher does not need to know the true distribution of the entire model to estimate consistent parameters (Gray and Hernandez-Alava, 2018; Wulff, 2019). The fractional model can be expressed as:
                          (3.1)
The   is a function satisfying the condition, . This ensures that predicted values of LVI lie between 0 and 1. Following the work of Jörg (2018), the fractional probit regression model can specify as:
                (3.2)
Where X denotes climate adaptation strategies and socioeconomic factors,  is the parameters to be estimated, and  is for error term capturing the aggregated effects of unobserved variables which are assumed to be normally distributed.






[bookmark: _Toc137733591]CHAPTER FOUR
[bookmark: _Toc137733592]RESULTS AND DISCUSSIONS
[bookmark: _Toc137733593]INTRODUCTION
[bookmark: _Toc114659128][bookmark: _Toc137733594]4.1 Demographic Characteristics of the Respondents	
This section presents the results and discussions of demographic factors of the sampled farmers in the study location. The factors considered in the study include sex, age, educational level, marital status, livestock ownership, and employment status of the farmers. Results and discussions of the objectives of the study are also presented in this section.
[bookmark: _Toc137733595]4.1.1 Sex distribution of the respondents			
Figure 4.1 presents the results of sex distribution of the sampled farmers in the study area.  The study revealed that about 60% of the farmers were males while 40% were females. Based on the sample farming activities at the farmgate level is dominated by males indicating that male farmers have access to farmland compared to their female counterparts. Male farmers also have access and control of resources at the household level, given them the opportunity to engage in farming than their spouses/wives. 

[bookmark: _Toc137732667][bookmark: _Toc114588357]Figure 4.1. Sex distribution of respondents
Source: Field Data 2022
 Female farmers depend on their husband or friends/relatives to access farmland for food crops and vegetables production.  Due to inadequate access to farmlands, female famers cultivate small farm plot size which helps them to cushion their household responsibilities. Literature revealed that farming as a source of livelihood in rural Northern Ghana is dominated by males as results of the family system (DADU, 2016; Adzawla et al., 2019). This offers an opportunity for male farmers to adopt climate change adaptation strategies to enhance farm productivity. According to Mwinkom et al. (2021), if female farmers have the same access and control of resources at household level as their male counterparts, it will help females’ farmers to enhance farm production and productivity. A study revealed that females in Upper East region of Ghana has been marginalized regarding access to farmland and allocation of other resources (Ahmed & Kruse, 2016: Abdul-Razak et al., 2017). Lack of access and control of resources create cultural constraints for females who want to apply climate change adaptation strategies. 
[bookmark: _Toc137733596]4.1.2 Marital status of Respondents
The results of marital status of the sample farmers are illustrated in Figure 4.2. About 86.7% of the respondents were married and the remaining 13.3% were singles/never married. This shows that, majority of smallholder farmers in the study area and Northern Ghana are married and living with their spouses as well. This could be as a result of support needed in the farm in terms of labour. Labour for farm production is the reason why farmers marry early with multiple wives. 

[bookmark: _Toc137732668]
Figure 4.2: Marital status of respondents
Source: Field Data 2022

[bookmark: _Toc137733597]4.1.3 Educational level of respondents 
Table 4.1 demonstrates the education attainment of the farmers. The results revealed that about 36.7% of the farmers has no formal education. In addition, about 13.3% of the farmers attained primary level and 10% had their education level at Junior High School/Middle School level. While about 23.3% attained Senior High School/Vocational education, about 16.7% of the farmers attained tertiary education. These findings suggest that formal educational level among farmers is low in the study area. Lack of access to formal education by farmers might hamper scientific climate change adaptation strategies leading farmers sticking to their indigenous knowledge and approach which seem to be less effective, and turn make farmers more vulnerable.




[bookmark: _Toc114588346][bookmark: _Toc137733623]Table 4.1: The educational level of respondents
	Educational Level
	Frequency
	Percent

	No formal education
	44
	36.7

	Primary
	16
	13.3

	JHS/Middle School
	12
	10.0

	SHS/O Level/A level/Vocational
	28
	23.3

	Tertiary
	20
	16.7

	Total
	120
	100.0


Source: Field Data 2022

However, the findings of Fagariba et al. (2018) and Nyantakyi-Frimpong & Bezner-Kerr (2015) argued that educated farmers have a broader knowledge base than illiterate ones, which allows them to explore more options for reducing climate change. Other studies concluded that formal education of farmers promote climate adaptation strategies (Deressa, Ringler & Hassan, 2010; Adam, Mumuni, and Abubakari, 2020).
[bookmark: _Toc137733598]4.1.4 Livelihood activities of the respondents 
[bookmark: _Toc114588347]Farmers in the study location engage in different source of income to enhance their welfare. Table 4.2 presents the results of livelihood activities of the sampled farmers. The study revealed that about 96.7% of the farmers were into food crop production while about 20% were into charcoal production respectively. 



[bookmark: _Toc137733624]Table 4.2: Livelihood activities of respondents
	Livelihood Activities*
	Frequency
	Percent

	Crop farming
	116
	96.67

	Charcoal production
	24
	20.00

	Goats
	72
	60.00

	 Sheep
	28
	23.33

	Cattle
	10
	8.33

	Drought animals
	20
	16.67

	Fowls
	64
	53.33


Note: * denotes multiple choice
Source: Field Data, 2022.

Furthermore, about 60% and 53.33% of the respondents were into goat and fowl production respectively. Also, about 23.33%, 8.33%, and 16.67% of the farmers were into sheep, cattle, and drought animals’ production respectively. Participation in other livelihood income generation activities widen income basket of the farmers. This could boost farmers’ capacity to adopt climate adaptation strategies to mitigate the effect of climate change on agriculture.
[bookmark: _Toc137733599]4.1.5 Food crop production system among respondents
[bookmark: _Toc114588348]Table 4.3 presents the results of food crop production systems among farmers in the study location. About 91.67% and 50% of the farmers cultivated maize and groundnuts respectively. The results further illustrated that about 8.33%, 18.33%, 10%, and 5% of the farmers were into millet, yam, soybean, and beans production respectively. The study revealed the common food crops cultivated in the study location is maize and groundnut. The reason could be that these two food crops are cultivated for household consumption while the other crops are cultivated for marketing/commercialization. This is not surprising because statistics and studies have shown that, the study area is one of the major suppliers of maize in the country (Annual Progress Report of the Sissala East Municipal, 2017). Multiple cropping system is one of the main strategies recommended for farmers to adopt to mitigate the effect of climate change in rural areas in SSA including Ghana. 
[bookmark: _Toc137733625]Table 4.3: Food cropping systems
	Type of Crop K
	Frequency
	Percent

	Groundnut
	60
	50.00

	Millet
	10
	8.33

	Yam
	22
	18.33

	Soya beans
	12
	10.00

	Beans
	6
	5.00

	Maize
	110
	91.67


Note: K implies multiple choice 
Source: Field Data, 2022.

[bookmark: _Toc114659129][bookmark: _Toc137733600]4.2 Farmers Perception of Climate Change Indicators 
[bookmark: _Toc114588350]Farmers’ perception of climate change indicators triggers farmers’ climate adaptation decision making process. The indicators of climate include but not limited to rainfall variability, temperature, windstorm, frequent flood, and drought as well as natural bushfires. Farmers’ perception about climate change indicators were measured as (1) increased; (2) decreased; and neutral. Table 4.4 presents the results of farmers’ perception of the climatic indicators in the study location. 




[bookmark: _Toc137733626]Table 4.4: Climate perception of farmers in the study area
	Perception 
	Rainfall Duration
	Rainfall Intensity
	Temperature
	Windstorm
	Flood
	Drought
	Natural Bushfire

	Increased
	28.3
	33.3
	93.3
	75.0
	66.7
	80.0
	78.3

	Decreased
	66.7
	56.7
	3.3
	13.3
	13.3
	8.3
	13.3

	Don’t Kn
	5.0
	10.0
	3.4
	11.7
	20.0
	11.7
	8.4

	Total
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0


Source: Field Data, 2022.

From the results, 28.3% and 66.7% of the respondents indicated an increase and decrease in rainfall duration in the last 10 years respectively based on their observation and perception. Similar study by Kusakari et al. (2014), reveal that majority of respondents, 85.3% in total, believed that the amount of rainfall in their communities in the Upper West region has been declining over time. With only 5 % of the respondents were neutral/do not know whether rainfall duration is in the increased or decreased in the last 10 years. With regards to the intensity of rainfall, about 33.3% and 56.7% of the respondents indicated there has been an increase and decrease in the rainfall intensity in the last 10 years respectively while about 10% were neutral. The yearly rainfall had been rapidly declining, according to respondents, who also noted that it did not rain at the ideal hours for farming and that its rainfalls quite late. They observed that while rains now start late and at unexpected periods, they used to start early in the past. The result of the study agrees with Kusakari et al. (2014), who also revealed that rainfall are unpredictable and begins late.
    
In notwithstanding, majority (93.3%) of the respondents indicated an increase in temperature while 3.3% of them indicated a decrease in temperature in the last 10 years.  The results confirmed previous study of Kusakari et al. (2014), that smallholder farmers opined that temperature have been increasing for a period of time. Only about 3.4% of the respondents were neutral about increase and decease of temperature in the last 10 years. Sanago et al. (2016), noted an increasing in temperature however is perceived differently by smallholder farmers in Fina Reserve. About 75% of the respondents stated there have been an increase in windstorms in the last 10 years, 13.3% stated there has been a decrease in windstorm in the last 10 years and 11.7% did not know whether windstorm in the area has increased or decreased in the last 10 years. In terms of flooding situation, about 66.7% and 13.3% of the respondents indicated an increase and decrease in floods respectively in the last 10 years, while about 20% of the respondents indicated, they did not know the status of the area with regards to flooding. The findings of this study agree with the results from Fosu-Mensah et al. (2012), who found that 92% of respondents thought temperatures had risen while 87% thought precipitation had decreased over time.

Furthermore, 80% of the respondents indicated an increase in drought and dry spells in the area while 8.3% of them indicated a decrease in drought and dry spells in the last 10 years. Smallholder farmers believed that the severity of droughts had increased over the period. Approximately 12% of the farmers did not know the true nature of floods in the area over the last 10 years. For natural bushfires, 78.3% and 13.3% of the farmer witnessed an increase and a decrease in bushfires in the last 10 years. About 8.4% did not know whether there has been an increase or decrease in bushfires in the area over the last 10 years. 
By virtual inspection, farmers perceived that there is evidence of climate change which affect agricultural production and other livelihood activities. This is an indication that, people are no longer ignorant of climate change, and this is not far from the findings of Dickinson et al. (2016) that, the most mentioned changes in climate perceived by farmers in northern Ghana include changes in the timing or predictability of rains, and overall drier conditions and both of these changes are corroborated by precipitation datasets.  Further study that used samples from Benin, Burkina Faso, Ghana, Niger, and Togo revealed that the majority of the respondents reported a decline in rainfall, a change in rainfall pattern with delayed rains and early cessation, and a significant increase in temperature marked by an increase in the number of hot days (Akponikpè et al., 2010).These findings are also consistent with CARE (2013) that rising temperatures, increasingly erratic rainfall patterns and more frequent droughts and floods which could create challenges for natural resources management and food insecurity in SSA. According to research by Acquah de Graft (2011) in Ghana, 60% of the farmers said that temperatures had noticeably increased and 49% said that rainfall had decreased. The views of climate change in western Ghana were also examined by Acquah-de Graft and Onumah (2011). The majority of the farmers in the research region believed that temperatures had increased, and precipitation had decreased.

[bookmark: _Toc137733601]4.3 Descriptive Statistics normalized values of vulnerability indicators. 
The Micro Components (MC) and the indicators employed to compute the vulnerability index are presented in Table 4.5. Beginning with adaptive capacity index indicators, about 80% of the farmers participated in off-farm income activities and about half (50%) of the farmers cultivate crops in their own farmland. About 17% of the farmers depends on charcoal as source of energy for cooking. While about 40% of the farmers belong to farmer-based organization, about 67% of them participated in capacity building programs/workshops. The study further revealed that about 72% of the farmers had access to agricultural extension services. Cumulatively, the adaptive capacity index in the study area is estimated to be about 54.2%. The adaptive capacity index illustrates how well the sample communities are able to adapt to and prosper in the face of climate change.  This implies that farmers involvement in the micro indicators under the adaptive capacity have more adaptive capacity than farmers involvement in the micro indicators. 

[bookmark: _Toc137733627]Table 4.5: Descriptive Statistics normalized values of vulnerability indicators.
	MC
	 Indicator
 
	 Mean
	 Std. Dev.
	 Min
	 Max

	Adaptive capacity 
	 Participation in off-farm income generation activity 
	
	0.800
	0.402
	0
	1

	
	 Land tenure 
	
	0.500
	0.502
	0
	1

	
	 Source of energy for cooking 
	
	0.167
	0.374
	0
	1

	
	 Membership to FBO 
	
	0.400
	0.492
	0
	1

	
	 Participation in capacity building training 
	
	0.667
	0.473
	0
	1

	
	Access to agricultural extension 
	
	0.717
	0.453
	0
	1

	
	 Grand adaptive capacity index
	
	0.542
	0.259
	0
	1

	Sensitivity 
	 Participation in irrigation 
	
	0.033
	0.180
	0
	1

	
	 Source of drinking water 
	
	0.119
	0.275
	0
	1

	
	 Number of months experience drought 
	
	0.483
	0.250
	0
	1

	
	Access to production credit 
	
	0.400
	0.492
	0
	1

	
	 Fertilizer application 
	
	0.983
	0.129
	0
	1

	
	 Months of food shortage in a year
	
	0.271
	0.338
	0
	1

	
	Participation in agricultural insurance 
	
	0.000
	0.000
	0
	0

	
	 Sensitivity index 
	
	0.327
	0.106
	0.107
	0.607

	Exposure 
	Access to climate change information 
	
	0.850
	0.359
	0
	1

	
	Received warning information on any climate shock prior to its occurrence
	
	0.567
	0.498
	0
	1

	
	Field experiences pest infestation 
	
	0.317
	0.467
	0
	1

	
	Number of times a farmer experience windstorm in the past 5 years
	
	0.374
	0.213
	0
	1

	
	Number of times a farmer experience bushfire in the past 5 years
	
	0.392
	0.207
	0
	1

	
	Number of times a farmer experience floods in the past 5 years
	
	0.478
	0.282
	0
	1

	
	Number of times a farmer experience drought in the past 5 years
	
	0.400
	0.280
	0
	1

	
	 Exposure index 
	
	0.482
	0.135
	0.116
	0.701

	
	



Sensitivity analysis is another MC for measuring farmers’ vulnerability to climate change. The study revealed that about 3.3% of the farmers participated in irrigation farming at the time of the data collection. About 12% of the farmers depend on rivers/dams/wells as source of drinking water and about 48% experienced drought.  About 40%, 98%, and 27% of the farmers’ accessed credit, used fertilizer, and experienced food shortage respectively. The overall score of sensitivity index was found to be 33% in the study location. That is, farmers’ access to these indicators are less sensitive to climate change and variability. Exposure is the third MC indicator for vulnerability. The result demonstrated that about 48% of the farmers are exposed to climate variability. This implies that exposure contributes about 48% to farmers’ vulnerability index.  Increasing access to irrigation will inevitable help reduces farmers’ vulnerability to climate change. Other studies revealed that the main barriers to adapting to climate change were inadequate access to inputs, a lack of knowledge about alternative adaptation options, a lack of access to water, a lack of credit, a lack of knowledge about climate change, a high cost of adaptation, and uncertain property rights (Acquah de Graft, 2011; Acquah-de Graft & Onumah, 2011; Sofoluwe et al., 2011).

In addition, the vulnerability index (Livelihood Vulnerability Index, LVI) for each community the study was carried out are presented in Table 4.6.  The LVI for farmers in Chinchang community is about 42%, about 44% for Navirawie community, and approximately 47% for Dimajan community. The overall LVI in the study area estimated to be approximately 45%, meaning that farmers are averagely vulnerable to climate change and variability.  This could affect farm production, which have serious consequence on food security. Farmers vulnerability to climate change the effects of climate change on agricultural production are not the same in all parts of the country low-latitude and poor rural communities are anticipated to suffer more as a result of their unfavorable geographic location, greater agricultural dependence on their economies, and limited capacity to adapt to climate change (Newton et al., 2010). Change in climate affect level of crop yield and income leading to food insecurity.    
[bookmark: _Toc137733628]Table 4.6: Farmers vulnerability in the study location 
	Community 
	LVI

	
	Mean
	Std. Dev.

	Chinchang
	0.424
	0.104

	Navirawie
	0.444
	0.117

	Dimajan
	0.469
	0.109

	Grand LVI 
	0.446
	0.111




During the Focus Group Discussion (FGD), it came out that participation in on-farm income activities makes farmer more resilient to climatic shocks. One respondent argued that: 
[bookmark: _Hlk118672629]“Climate change is real, and we are witnessing every day. It affects our crops and animals’ production making vulnerable. To reduce our vulnerability climate change, we participate in non-farm income activity which help us to purchase improved seeds and fertilizers to enhance productivity. Participation in non-farm activities help us to purchase food for our families when there is failure in food crops as results of long drought, flood, or bushfires” (Male farmer (FGD), Navirawie, July 2022).

This indicates that participation in non-farm income generation activities is a potential candidate to enhance farmers’ adaptive capacity to climatic shocks. 

One of the farmers in the FGD said: 
“I observed that farmers who participate in non-farm income activities are more resilient and adaptive to climatic shocks compare those who are not into non-farm income activities. This is because when there is crop failure as result of climatic conditions, such farmers have food to feed their families compare to we those not getting extra income except the farming. Participation in non-farm income activities play important role in building farmers adaptive capacity in this community” (A chief male farmer (KII), Dimajan, July 2022).

That is participation in non-farm income activities serves as cushion access to funds by farmers to adopt improved agricultural technologies to mitigate the negative effect of climate change. Therefore, enhancing farmers’ adaptive capacity to climatic shock, non-farm income generation opportunities in the rural areas cannot be overlooked.
[bookmark: _Toc137733602]4.4 Adaptation levels and adaptation intensity of climate mitigation strategies 
Farmers adopt different climate adaptation strategies to mitigate the effect of climate change on agricultural and livelihood. The results of adaptation levels and the intensity of adaptation strategies are presented in Table 4.8. From the results, about 25% and 56.7% of the farmers adopted charcoal and livestock productions respectively as climate adaptation strategies. For improved seed varieties, about 58.3% and 66.7% of the farmers adopted early maturity and drought resistance seed varieties respectively. The results further revealed that about 70% of the farmers adjust planting time to cope with climate change. While about 60% of the farmers adopted crop rotation method, about 45% of them adopted mixed cropping method.  About 53.3%, 71.7%, and 65% of the farmers adopted manure, weedicide application, and changing adaptation strategies methods respectively. The least adopted climate mitigation strategies were temporal migration and cover cropping, representing only 5% and 10% respectively. 

[bookmark: _Toc137733629]Table 4.7: Descriptive Statistics adaptation levels and intensity of adaptation  
	 Variable K
	Mean
	Std. Dev.

	Charcoal production 
	0.250
	0.435

	Livestock production 
	0.567
	0.498

	Early maturity variety 
	0.583
	0.495

	Drought resistant variety 
	0.667
	0.473

	Changing planting time
	0.700
	0.460

	Crop rotation
	0.600
	0.492

	Mixed cropping
	0.450
	0.500

	Manure application 
	0.533
	0.501

	Weedicides application 
	0.717
	0.453

	Migration
	0.050
	0.219

	Cover cropping
	0.100
	0.301

	Changed adaptation strategies 
	0.650
	0.479

	Intensity adaptation
	Freq.
	Percent

	2
	2
	1.67

	3
	8
	6.67

	4
	12
	10.00

	5
	16
	13.33

	6
	14
	11.67

	7
	16
	13.33

	8
	24
	20.00

	9
	12
	10.00

	10
	12
	10.00

	11
	4
	3.33

	Average 
	6.80   

	Std. dev. 
	2.25


Note: K denotes multiple choice 

Farmers adopt multiple climate adaptation strategies to increase their resilient to climate change. That is adaptation intensity occurs when farmers adopt more than one strategy to combat climate change. From the result in Table 4.6 it is observed that all climate adaptation strategies were adopted. The study demonstrated that approximately 2% of the farmers adopted two climate adaptation strategies. Similarly, 7%, 10%, and 13.3% of the farmers adopted at least three, four, and five climate adaptation strategies respectively. Also, 11.7%, 13.3%, 20%, 10% and 3.3% of the farmers adopted six, seven, eight, nine, ten, and eleven climate adaptation strategies respectively. The adaptation of climate change strategies are influence by the differences in socio-economic characteristics and the level of information a farmers has about climate change and adaptation strategy.   On average, a farmer adopted at least approximately seven (7) climate adaptation strategies at once with an aim to minimize climate change impact on agricultural production and livelihood outcomes.  Various empirical findings supported the notion that institutional and demographic factors, including access to credit facilities, access to extension services, and participation in off-farm income generating activities, were significant determinants of climate change adaptation strategies (Acquah-de Graft & Onumah, 2011; Fosu-Mensah et al., 2010; Mandleni & Ani, 2014). Demographic factors, including gender, age, years of farming experience, household size, and years of education, other research demonstrated that families with large family sizes will be more inclined to select adaptation choices including labor-intensive chemical treatments and soil conservation measures (Aymone, 2009). Farming experience enhances the likelihood that climate change adaptation methods will be adopted (Maddison, 2006; Hassan and Nhemachena, 2008; Aymone, 2009; Temesgen et al., 2009).

Farmers explained during the FGDs the reason why they have changed their climate adaptation strategies over the last 3 years. According to them, they change their adaptation strategies because of the cost involved in adopting some strategies, for improvement in yield, to suit climate variability and to assess the effectiveness of other adaptation strategies. They indicated that, for some time now they have not seen any improvement in their crop yield despite all the efforts and adaptation strategies they have been applying so at times they decide to change their adaptation strategies to see whether they will get any increase or improvement in their yield.




For instance, one respondent rightly argued that:
Over the last three years I have changed from planting the normal maize seeds to planting of drought resistant and early maturing seeds like the yellow corn (A male farmer, Focus Group Discussion, Dimajan, July 2022). 

Another discussant said:
I have changed my climate change adaptation strategies over the past three years due to climate variability. Each year and the type of climate we get, at times the rains set in early and other times the rains set in late. For some years the rains set in early but breaks along the line. As a result of these climate factors, we mostly change our adaptation strategies to suit the climate (Focus Group Discussion, Chinchang, July 2022).

One Key informant interviewer responded that:
Most farmers changed their adaptation strategies to assess the effectiveness and success of other adaptation strategies. They mostly do this to see which one is best for their crops and can help them get more yield. It is very costly to adopt some strategies for instance, application of inorganic fertilizer and other agrochemicals comes with a lot of cost. So, most of them who cannot afford inorganic fertilizer have change to the application of organic manure” (Key Informant Interview, Tumu, July 2022).

This is an indication that majority of smallholder farmers do not stick to one climate change adaptation strategy but change them with time. This can help them to ascertain the effectiveness and efficiency of different adaptation strategies to make best choice in terms of choosing adaptation strategies for their crops. Also, some participants shared some reasons why they have not changed their adaptation strategies over the last 3 years during the FGDs. Some of these reasons includes the cost involved in adopting some adaptation strategies and indigenous knowledge inherited. 

I haven’t changed my adaptation strategies over the last three years because the strategies am using now are the once my father taught me and they are very effective and helps me get good yield. My father taught me to always spread cow dung and animal droppings in my farm during the dry season and this is cost effective than purchasing of inorganic fertilizer. (A male farmer, Focus Group Discussion, Dimajan, July 2022). 
I am still using the old strategies over the last three years because of the cost involved in adopting the new strategies. I took a loan from my VSLA group to purchase inorganic fertilizer for my maize farm, however after applying it on the farm, the rains stopped for a while and rendered the fertilizer ineffective hence I did not get the money I used to purchase the fertilizer after harvesting my crops which is now a debt on my neck. So, some of us do not see the need for changing adaptation strategies especially when cost is involved.” (A male farmer, Focus Group Discussion, Navirawie, July 2022).

[bookmark: _Toc137733603]4.5 Factors influencing climate adaptation intensity
 The results of the determinants of climate adaptation strategies intensity are presented in Table 4.9. The Poisson regression model was employed for the analysis and the significance of the Chi square value justified the use of the model. The study revealed that LVI have a positive effect on climate adaptation strategies intensity which was highly statistically significant at 1% level. This means that farmers who are more vulnerable are more likely to increase their climate adaptation strategies intensity to enhance farm production and productivity to combat food insecurity. This result is in tandem with Azumah et al. (2020) that more vulnerable farmers are more likely to increase adoption capacity of climate mitigations strategies to promote agricultural productivity. It has been argued that when farmers’ vulnerability to climate is higher, then adopting multiple climate mitigation strategies is necessary and sufficient condition to enhance agricultural production and productivity (Hahn et al., 2009; Adu et al., 2018). Farmers’ vulnerability to climate varies across communities and agroecological zones, hence there is the need for farmer to intensify adoption of several strategies based on the location to mitigate climate change impact on farmers’ livelihoods (Dendir and Simane, 2019).  









[bookmark: _Toc137733630]Table 4.8: Poisson regression estimates of determinants of climate adaptation intensity
	Variable 
	Coefficient 
	Std. Err.
	t-value

	LVI
	2.464***
	0.733
	3.36

	Sex
	-0.034
	0.116
	-0.29

	Age 
	0.010
	0.007
	1.36

	Marital status
	0.257
	0.183
	1.40

	Household size 
	-0.016
	0.017
	-0.91

	Education 
	0.138
	0.100
	1.37

	Land tenure 
	-0.219**
	0.107
	-2.04

	Farm size
	0.010
	0.008
	1.21

	Television
	0.213**
	0.097
	2.20

	Radio
	-0.001
	0.167
	-0.01

	CC Shocks
	0.284**
	0.110
	2.57

	CC Information
	0.701***
	0.236
	2.97

	Extension service 
	0.237*
	0.128
	1.86

	Off-farm activity 
	-0.239**
	0.117
	-2.05

	Constant
	0.107
	0.424
	0.25

	Model summary 
	
	
	

	Number of obs.  
	120
	
	

	Pseudo r-squared 
	0.071
	
	

	Chi-square  
	38.307
	
	

	Prob > chi2 
	0.000
	
	




Land tenure found to have a negative association with adaptation intensity at 5% significant level. The negative association implies that farmers’ who cultivate food crops on rented, or someone’s farmland are less likely to adopt more of climate adaptation strategies to enhance production and income. Increase in population increase pressure on agriculture land hence affected farmers’ adoption of climate adaptation strategies that require intensive land use. This is possible since farmers do not want to invest on farmland, they do not have control over. That is land tenure security plays a critical role for farmers to invest on climate adaption strategies to enhance farm production. Land ownership plays a critical role in agriculture hence farmers land acquisition plays a role in their vulnerability. 

In notwithstanding, possession of television was found to have a positive relationship with adaptation intensity, and it was statistically significant at a 5% level. This indicates that farmers’ ownership of television set enhances their probability to adopt multiple climate mitigation strategies. Ownership of television enhance farmers to access to climate change information and other related strategies to comate climate changes. Therefore, the decision of farmers to adopt climate adaption strategies increases as they might be expose to climate change information in rural areas. 

Climate Change (CC) shocks was found to have a positive effect on adaptation intensity of climate adaptation strategies at a 5% significant level. This explains that farmers who experienced CC shocks are more likely to increase climate adaptation intensity, holding external factors constant. Similarly, the study revealed that CC information has a positive implication of farmers’ adaptation intensity at 1% significant level. As farmers are expose and have access to CC information, the decision to invest in climate mitigation strategies will increase in the same direction. 
During the focus group discussions, participants shared their experiences with regards to receiving climate information.

We have received such CC information before, especially information on heavy rains and windstorms. Last year the heavy rain that flooded all our crops on the farm was announced on the radio before the incidence occurred. we have also heard of delays of rain on the radio before. Recently most of the climate information is shared on the smart phones which we do not have. Even we those who have access to these smart phones do not have access to climate information because we can’t read or write (Focus Group Discussion, Dimajan, July 2022).

One of the participants said: 
 I do not have access to climate information even though have televisions and radio set because the announcement of such information is done in English and Twi, languages that which I do not understand. We do not have information centre in our community which climate information can easily be spread compared to the time I was living in a community around the Techiman area where climate information announced at the community information centre for the public (A female farmer, Focus Group Discussion, Navirawie, July 2022).

Agricultural extension service found to have a positive effect on adaptation intensity at 10% significant level. This was expected since agricultural extension agents deliver modern farming techniques information to farmers. Limited access to extension services by farmers has been a constraint to modern climate mitigation strategies uptake and adoption in Ghana (Ndamani and Watanabe, 2015).  

During the FGD, one farmer rightly said:
The extension officer in charge of this community have trained us on the type of fertilizer to be used for which crops, when to apply it on the crops and how to apply it. We have seen some improvement in our yields due to this skill learnt” (male farmer, Focus Group Discussion, Dimajan, July 2022). “


Another one argued that: 
Initially I use to plant my crops randomly but now I have leant new farming skills from extension officers on how to adopt climate adaptation strategies.  I have been taught on how to plant in rows and the intervals I should use for specific crops when planting.  Even though I use to practice crop rotation, but I did not know which specific crops to follow with which one, but when the officers from SARI came to our community, they taught us which crops to come after which the kind of nutrient they give the soil (A female farmer, Focus Group Discussion, Chinchang, July 2022).

Participation in off-farm income generation activities assists farmers to get extra income to invest in climate adaptation strategies to enhance farm production. The study revealed that off-farm participation has a negative effect on farmers’ adaptation strategies intensity at 5% significant level. This implies that farmers who participate in off-farm income activities are less likely to adopt more climate adaptation strategies. The possible explanation for such finding could be that farmers who participate in off-farm activities might not be willing to invest on the farmland as result of land tenure insecurity. This finding is in line with Azumah et al. (2020) but contradicts with Adzawla and Baumüller (2020) that participation in non-farm income activity as livelihood diversiﬁcation strategies promote farmer adaptive capacity to climatic shocks in Ghana.   

[bookmark: _Toc137733604]4.6 Effects of climate adaptation strategies and other socioeconomic factors on farmers’ livelihood vulnerability 
Climate adaptation strategies have the potential to reduce farmers’ vulnerability to climate change and variability. The Fractional probit model was employed to assess the effects of climate adaptation strategies and other socioeconomic factors on LVI. The results are presented in Table 4.7. The Wald Chi2 value was 316.55, which was statistically significant at 1% level. This implies that the fractional probit regression model was fit for the analysis. 

Charcoal production was found to have a positive coefficient and significant at 1% level. This implies farmers who participate in charcoal production as climate change adaptation strategies are more vulnerable to climate change and variability compared to non-participants. Charcoal production is one of the key contributors to climate change since it involves in cutting down trees and burning. The burning increases carbon emission to the environment causing climate change. These expose farmers more to climate change, making them more vulnerable compared to their counterparts who do not engage in charcoal production. 

Drought tolerant seed variety was found to have a negative significant effect on farmers LVI at a 5% level. This indicates that adopters of drought resistant/tolerant varieties are less vulnerable to climate change and variability. Similarly, adoption of early maturity varieties was found to have a negative effect on LVI at a 1% significant level. This also means that adopters of early maturity verities are less vulnerable than non-adopters. Improved crop varieties have the attribute to mitigate the effect of climate change on agriculture and other livelihood activities of farmers. It helps farmers to achieve optimal food production without contributing to green gas emission. As farmers adopt improved varieties like drought resistant and early maturity varieties, more productivity is expected which tends reduces farmers’ vulnerability. 

Furthermore, crop rotation was found to have a positive effect on LVI, and it was statistically significant at 1% level. The implication is that adopters of crop rotation are more vulnerable than non -adopters. This finding could not meet the study expectation since crop rotation is sustainable land management practices which reduces green gas emissions in the environment. The possible explanation could be that farmers do not actually apply the appropriate methods of adoption of crop rotation at farmgate level. For instance, farmers could be rotating cereals with cereals instead of legume-cereal rotation. Practice cereal-cereal crop rotation weakens soil structure, reduces soil biomass, and soil productivity. These cumulative make farmers more vulnerable. 

Contrary to the expectation, adoption of cover cropping has a positive effect on LVI at a 1% significant level. The situation could be due to the fact that, majority of the farmers did not adopt cover cropping, and hence less likely to reduce their vulnerability. This also, means that adopters of cover cropping are more likely to be vulnerable to climate change compared to the non-adopters of cover cropping. The reason of such finding could be that adoption of cover cropping was very low among farmers in the study area. Once the adoption of cover cropping is low, it is expected farmers will be more vulnerable to climate change and its related shocks. 

Temporal migration was found to have a positive effect on LVI which was significant at 1% level in the study area. That is, farmers who engaged in temporal migration as climate adaption strategies are more likely to be vulnerable than farmers who do not engage temporal migration as mitigation strategies. Usually, farmers who migrate to new environment may be facing challenges to adopt to the way of life and also financially to adapt to climate change adaptation strategies cope with the new environment making them more vulnerable.
[bookmark: _Toc137733631]Table: 4.9: Effects of climate adaptation strategies and other socioeconomic factors on LVI: Fractional probit model
	Variable  
	Coefficient
	Std. Errs.
	Z
	P>Z

	Charcoal production
	0.166
	0.052
	3.170
	0.002

	Rearing production 
	0.007
	0.035
	0.200
	0.839

	Changing planting time
	0.138
	0.091
	1.520
	0.128

	Planting drought resistant variety 
	-0.188
	0.091
	-2.060
	0.040

	Early maturity varieties 
	-0.123
	0.045
	-2.700
	0.007

	Crop rotation 
	0.123
	0.041
	2.970
	0.003

	Cover cropping 
	0.179
	0.049
	3.670
	0.000

	Mixed cropping 
	-0.019
	0.042
	-0.450
	0.649

	Application weedicides 
	-0.064
	0.046
	-1.370
	0.170

	Temporal migration 
	0.300
	0.085
	3.520
	0.000

	Manure application  
	0.047
	0.047
	0.990
	0.320

	Sex 
	0.150
	0.048
	3.130
	0.002

	Age 
	-0.004
	0.003
	-1.050
	0.294

	Marital status 
	0.129
	0.070
	1.840
	0.066

	Household size  
	-0.015
	0.010
	-1.530
	0.125

	Primary  
	-0.010
	0.059
	-0.170
	0.865

	JHS/Middle School  
	-0.006
	0.072
	-0.090
	0.929

	SHS/O Level/A level/Vocational  
	-0.222
	0.075
	-2.970
	0.003

	Tertiary  
	-0.203
	0.078
	-2.600
	0.009

	Farm size 
	0.073
	0.039
	1.880
	0.060

	Extension service 
	0.428
	0.062
	6.910
	0.000

	Community-distance market 
	0.065
	0.040
	1.630
	0.103

	Navirawie  
	0.002
	0.059
	0.040
	0.972

	Dimajan 
	0.022
	0.049
	0.450
	0.651

	_cons 
	-0.464
	0.137
	-3.390
	0.001

	Model summary 
	
	
	
	

	Number of obs.=                                                       
	120
	
	
	

	Wald chi2(24) = 
	316.55
	
	
	

	Prob > chi2 = 
	0.0000
	
	
	

	Pseudo R2 = 
	0.0246
	
	
	

	Log pseudolikelihood =
	-80.445
	
	
	


Turning to the effect of socioeconomic factors on LVI, sex was found to have a positive effect on LVI which was highly statistically significant at 1% level. The positive effect implies that male farmers are more likely to be vulnerable than female farmers. This is plausible since in recent times most non-governmental organization and donor agencies activities are geared towards women empowerment through agriculture. Women are more participated in climate change and nutrition capacity building workshops than males. This is a disadvantage to male farmers which in turn make them more vulnerable than women. Even though women lack access to farm resources, male farmers release their farms to their wives to access production technologies and capacity building skills to enhance household farm production. More investment has been geared toward women due to their high vulnerability to climate change and low adaptive capacity. These findings contradict other researchers that women are more vulnerable to climate change (Ncube et al., 2016; Azumah et al., 2020).  To enhance farmers’ livelihood activities to reduce their vulnerability to climate change, equal opportunities need to be given to both male and female farmers. Since empowering one more than other makes them more vulnerable to climate change. 

The study demonstrated that marital status has a positive significant effect on LVI at a 10% level. This implies that married farmers are more likely to be climate vulnerable than singles/never married. Married farmers have a lot of household responsibilities such children school fees, feeding the family, and attending social meetings at the community level. Such high demand from married farmers tends to make them more vulnerable when drought couple with low farm production in a particular year. Similarly, when there is long drought which affect farm production married farmers find it difficult to engage in temporal migration to find alternative livelihood compared to single/those who never married. Therefore, climate change and variability make such farmers more vulnerable.  

Access to formal education is a human capital accumulation. It empowers farmers to be more resilient and less vulnerable to climate change. The study revealed that access to senior high and tertiary education have a negative effect on LVI, both at 1% significant level.  The intuition is that farmers who attended senior high and tertiary education are less vulnerable to climate change and variability. This is not surprising since education empower farmers to access farming knowledge, climate change information, price information, access extension services, and participation in social interventions program. These enhance farmers’ ability to adapt climate change mechanisms to mitigate the effect of climate change on the household welfare.  With access to education, farmers can read and understand how to apply farming technologies and off-farm income generation activities. These empower educated farmers to be less vulnerable compare non-educated farmers. Azumah et al. (2020) studies found that education reduces farmers’ vulnerability to climate change in Zabzugu and South Tongo in Ghana. It is noteworthy to highlight that because they have a wide range of information, educated farmers may also investigate several possibilities for reducing climate change (Nyantakyi-Frimpong & Bezner-Kerr, 2015).

Farm size was found to have a positive effect on farmers’ LVI at a marginal of 10% significant level.  This indicates that increasing farm size by farmers do not lead to reduction of farmer climate vulnerability. This could also interpret as larger farm holders are more likely to be climate vulnerable than their counterparts. Relatively larger farm holders might not be able to adopt climate adaptation strategies to mitigate the impact of climate change on farm productivity. To an extent, it is difficult for such farmers to apply appropriate chemical fertilizers and improved seed varieties to enhance production as result of high cost of farm inputs. 

Access to agricultural extension service could not meet the study prior expectation. That is, the study revealed that extension service has a positive effect on LVI at 1% significant level, meaning that farmers with access to extension service are more vulnerable to climate change than their counterparts. The results of the study contradict with Tiyumtaba (2016), who discovered that a farmer's contacts with an extension officer are connected with a lessened vulnerability. In addition, community-market distance found to have a positive effect on LVI which was marginally significant at 10% level. This implies that communities far to market centers are more likely to be vulnerable than communities close to market centers. 

 
[bookmark: _Toc137733605]
CHAPTER FIVE
[bookmark: _Toc137733606]SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
[bookmark: _Toc137733607]5.0 Introduction
This section contains the study summary, conclusions, and policy recommendations.

[bookmark: _Toc137733608]5.1 Summary of Major Findings 
Climate change affects every aspect of the economy and farmers' livelihoods, making them more vulnerable. The study was conducted to assess (1) farmers’ perception of climate change indicators; (2) farmers' vulnerability level using LVI; (3) the effects of climate adaptation strategies and socioeconomic factors on LVI; (4) factors influencing climate adaptation intensity. The study was carried out in the Sissala East Municipality in the Upper West region of Ghana. A multi-stage sampling procedure was employed to interview 120 farmers using a structured questionnaire in the study area.  FGD and KII were employed to gather qualitative information to support the quantitative data. The data were analysed using descriptive and inferential statistics. 

The study found that 28.3% and 66.7% of the respondents respectively indicated an increase and decrease in rainfall duration. With regards to the intensity of rainfall, about 33.3% and 56.7% of the respondents indicated there has been an increase and decrease in the rainfall intensity. Similarly, 93.3% of the respondents perceived that there was an increase in temperature. About 75% of the respondents perceived that there is an increase in windstorms and 66.7% perceived that there is increased flooding. Furthermore, about 80% of the respondents indicated an increase in drought and dry spells while about 78.3% of the farmer witnessed bushfires. 

In addition, the study found that the adaptive capacity index is estimated to be about 0.542. This implies that farmers' adaptive capacity is about 54.2% in the study area. The sensitivity and exposure indexes were found to be 0.327 and 0.482 respectively. These mean that farmers' sensitivity and exposure to climate change effects are about 32.7% and 48.2% respectively. The LVI for farmers in the Chinchang community is about 42%, about 44% for the Navirawie community, and approximately 47% for the Dimajan community. The overall LVI in the study area is estimated to be approximately 45%, meaning that farmers are averagely vulnerable to climate change and variability.   

For the effect of climate adaptation strategies effect on LVI, the study found that charcoal production, crop rotation, cover cropping, and temporal migration have a positive significant effect on LVI. This implies that farmers who practice these climate adaptation strategies are more likely to be vulnerable to climate change. However, drought-tolerant seed varieties and the adoption of early maturity varieties were found to have a negative significant effect on LVI; meaning that farmers adopting improved seed varieties are less likely to be vulnerable. In terms of socioeconomic factors, the study revealed that sex, marital status, farm size, extension service, and community-market distance have a positive significant association with LVI. This indicates that male farmers, larger farm holders, access to extension services, and relatively long distance from the community to the market center are more vulnerable to climate change. Similarly, senior high school and tertiary education were found to have a negative significant association with LVI, implying that education reduces farmers' vulnerability to climate change. 
Many factors influenced farmers' climate adaptation strategies intensity. The study revealed that with regards to LVI, possession of television, CC shocks, and CC information, extension services have a positive significant relationship with climate adaptive intensity, while land tenure and off-farm activity were found to have a negative significant association with farmers' climate adaptation intensity.

[bookmark: _Toc137733609]5.2 Conclusions
Research proves the occurrence of climate change and its negative impacts, particularly on smallholder farmers who depend on rainfed agriculture for survival (Cobbinah & Anane, 2016). Climate change plays a significant role in the vulnerability of humans’ livelihoods and other agricultural production systems (Räsänen et al., 2016). The Sissala East Municipality which happens to be a major contributor to the region’s food basket have been hit by the negative impacts of climate change over the past decades. To mitigate the effects of climate change, the Ministry of Food and Agriculture (MOFA) and associated research organizations have suggested interventions like crop diversification, agroforestry, and livestock rearing. However, these suggestions have not adequately addressed the dire conditions in the area. Farmers in the Sissala East Municipality have therefore depended on a several existing and developing climate adjustment methodologies to play down the impacts of climate change on their farm productions and livelihoods, which have been outlined by some researchers such as (Fagariba et al., 2018). It is therefore prudent to assess the climate adaptation strategies and livelihood vulnerabilities of smallholder farmers in the Sissala East. The study employed the concurrent embedded research design thus taking data from both qualitative and quantitative sources.
The study concludes that, there is a decrease in rainfall duration and rainfall intensity by 66.7% and 56.7% respectively.  There is about a 93.3% increase in temperature; a 75% increase in windstorms; a 66.7% increase in flooding; an 80% increase in drought and dry spells; and a 78.3% increase in bushfires in the study area. Based on the above findings, it is very clear that farmers in the study area perceived an evidence of climate change in the area and the effects of these changes has serious ramifications on their agricultural production systems and their livelihoods for that matter. 

The study further concludes that, farmers who cultivate on their own land, participate in various capacity building programs/workshops, have access to extension services and belong to various farmer-based organisations have more adaptive capacity to climate change than their counterparts, with a cumulative adaptive capacity index to be 54.2%. Also, farmers who have access to credit facilities and irrigation, used fertilizers and do not experienced food shortages are less sensitivity to the negative consequences of climate change and variability. However, the cumulative sensitivity index of the study area stands at 33% which indicates that majority of farmers in the study location are more sensitive to climate change which turns to increase their vulnerability. It can be concluded from the study that; exposure contributes greatly to farmers’ vulnerability with a cumulative index of 48.2%. This shows that, about 48% of farmers in the Sissala East Municipality are exposed to various climatic shocks which is very alarming. The LVI is relatively higher representing approximately 45% in the study area. 

In notwithstanding, adopters of charcoal production, crop rotation, cover cropping, and temporal migration are more vulnerable to climate change while adopters of drought tolerant and early maturity seed varieties are less likely to be vulnerable to climate change. Male farmers, married farmers, farmers without access to extension services, farmers with relatively larger farm plots, and long distances from the market center to the community are likely to be vulnerable to climate change. However, educated farmers are less vulnerable to climate change and related shocks. Similarly, senior high school and tertiary education were found to have a negative significant association with LVI, implying that education reduces farmers' vulnerability to climate change. 

Farmers adopted several on-farm and off-farm adaptation strategies with the majority of the farmers going in for adjusting of planting time, weedicides application and improved seeds varieties as their main options to adapt to climate change and variability and temporal migration being the least strategy adopted. The study also revealed that each farmer adopted an average of seven strategies as a way of responding to the negative impacts of climate change. This is to say that farmers employ diverse adaptation strategies to respond to different climatic shocks at a time since depending on a single or few strategies could make them more vulnerable and help them ascertain the effectiveness and efficiency of different adaptation strategies. 

Furthermore, farmers with television, and those who experience climate shocks, and access to climate information and extension services are more likely to adopt multiple climate adaptation strategies to mitigate the effect of climate change since this expose farmers in rural areas to climate change information. Farmers who participate in off-farm income generation activity and land tenure insecurity are less likely to adopt more climate adaptation strategies since most farmers do not want to invest on farmlands, they do not have control over. 
 
[bookmark: _Toc137733610]5.3 Recommendations
Based on the conclusions, the following recommendations are drawn for policymakers:
Climate change indicators are increasing and because farmers are no longer ignorant of the evidence of climate change in their vicinity, education of farmers in the study location on human activities that leads to climate change should be intensified by Environmental protection agency and non-governmental organisations since factors such as bushfires and felling of trees are on the rise in the study area. This will help reduce the effects of such activities on their livelihoods.

Government agencies such as the MoFA should provide smallholder farmers in the study area with frequent capacity building workshops and adequate extension services since it was evident from the study that, farmers who have access to these things have more adaptive capacity and hence makes them less vulnerable to climate change. Also, farmers in rural areas should be encouraged to join farmer-based organisations because majority of government and NGO programs takes place in rural communities through FBOs. Also, farmers should be encouraged to participate in non-farm income generating activities because will enables them to access funds to adopt improved agricultural technologies to mitigate the negative impacts of climate change on their livelihoods. Moreover, government through MoFA should provide various communities in the study location with irrigation dams, this will enable the farmers to farm all year round which will consequently help reduce their food insecurity and their sensitivity to climate shocks. Information on climate extreme events should be disseminated frequently to farmers in rural communities in their local dialect through the various radio stations and community radios ahead of time. This is because having access to climate information in time will reduce farmers exposure to climate change related shocks and lessen their vulnerability.

Moreover, MoFA through its extension officers should be discouraged farmers in the study area from going in for charcoal production as an adaptation strategy since it increases carbon emission to the environment and a key contributor to climate change for that matter. Moreover, government through MoFA should make improved seeds varieties such as early maturing and drought tolerant varieties available through subsidization to farmers in the local market. This will help farmers achieve an optimal food production and reduce their vulnerability to climate change and variability. Government through the MMDAs should build markets for rural communities that are far from the district capital since nearer markets will help farmers sell their farm produce with little or no difficulty as well as give them access to various farm inputs such as fertilizers. MoFA through the Ghana Education Service should rekindle their non-formal education activities like the night schools as a means of providing education for farmers in rural communities since educated farmers are less vulnerable to climate change as proven by the study.

In addition, MoFA should train and encourage smallholder farmers to adopt more than one adaptation strategy, employing several adaptation strategies helps to ascertain the effectiveness and efficiency of other strategies. This will help farmers to make a good choice as to where and when to employ a particular adaptation strategy and for which crops. 

Agric extension officers and non-governmental organisations that provides extension services to farmers in rural areas should visit them regularly and advise them on the appropriate strategies to adopt. MoFA through the National Communication Authority should create adequate and convenient time on national televisions for climate change education. This will help expose farmers to various climate change information and reduce their vulnerability. Also, various land tenure agreements should be revisited by the government through the lands commission and traditional authorities to allow farmers adopt some long-term climate change adaptation strategies such as tree planting that will help improve the structure of the land.
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APPENDICES
Appendix A
SIMON DIEDONG DOMBO-UNIVERSITY OF BUSINESS AND INTEGRATED DEVELOPMENT STUDIES, WA
DEPARTMENT OF DEVELOPMENT STUDIES
I am a student at the above-mentioned university conducting research on the theme “Assessing the climate change adaptation strategies and livelihood vulnerabilities of smallholder farmers in the Sissala East Municipality”. This research is for academic purposes and responses will be confidential. Tick or write in the spaces provided. 
Background Information of Respondent.
1. Name of community……………………………… 
2. Sex    1. male [    ]   2female [   ] 
3. Age……………………
4. Educational status of respondent.   1. No formal education [   ] 2. Primary [  ] 3. JHS/Middle School [   ] 4. SHS/’O’level/’A’ level/ Vocational [   ]    5. Tertiary [   ] 
5. Marital status.     1. Married [   ]   2.Single [   ] 3. Widowed 4. Divorced/Separated [   ]  
6. Size of household (this include those away)……………………………………………… 
7. What is your main source of income? 1. Crop farming [   ] 2. Livestock farming [   ] 3. Charcoal Production [   ] 4. Trading and commerce [   ] 5. Civil Servant [   ] 6. Others, specify…………… 
8. What are your other income sources? List them……………………………………………….
9. What kind of crops do you cultivate? 1. Maize [    ] 2. Yam [   ] 3. Groundnut [    ] 4. Millet [ ] 5. Cotton [ ]   6. Others, specify………………………….. 
10. What type of livestock do you keep? 1. Cattle [    ] 2. Goats [    ] 3. Sheep [    ]   4. Donkeys [ ]5. Others, Specify…………………………………………

Respondent Perception on Climate Change
11. Has there been an increase or decrease of rainfall duration in your community for the past 3 years. Increased [   ] 2. Decreased [   ] 3. Don’t know 
12. What has been the rainfall intensity in your community for the past 3 years? 
1. Increased [   ] 2. Decreased [   ] 3. Don’t know [  ] 
13. Do you think the temperature (Hotness or coldness of the environment) in this area has changed?   (1) Increase [  ] (2) Decrease [  ] (3) Don’t Know [  ] 
14. Do you think the windstorms in this area changed? 1. Increase [   ]  2. Decrease [   ]  3. Don’t Know [   ]
15. Has there been any changes in the flooding situation in this area? 1. Increase [   ]  2. Decrease [   ]  3. Don’t Know [   ]
16. Do you think the droughts and dry spells of this area has changed? 1. Increase [   ] 2. Decrease [   ]  3. Don’t Know [   ]
17. Do you think there has been changes in bushfires in this area? 1. Increase [   ] 2. Decrease [   ]  3. Don’t Know [   ]
OBJECTIVE ONE: VULNERABILITY OF SMALLHOLDER FARMERS TO CLIMATE CHANGE
Adaptive Capacity
18. Do you have any non-farm activity that generate income for you? 1. Yes [   ]  2. No [   ]
19. If yes which non-farm activity/activities generate income for you? 1…………………………
2……………………………………..3…………………………………………………
20. If no, why are you not engaged in any non-farm income generating activity?1……………….……………………………..
2………………………………………………………………………
21. How many livelihood activities are you engaged in? 1. One [   ]  2. Two [   ] 3. There and Above [   ]
22. Explain your choice of answer and indicate the livelihood activities you are engaged in?1...................................................................................................................................
23. Do you own the land you are farming on? 1. Yes [   ]  2. No [   ]  
24. If yes, indicate the farm size? ………………………………………………………………..………………………
25. If no, who owns the land you are farming on currently? ………………………………………………………………….……………………
26. What is your primary source of cooking fuel? 1. Firewood [   ] 2. Charcoal [   ]  3. Gas [   ] 4. Other……...
27. Are you a member of any farmer group or Farmer Based Organisation? 1. Yes [   ]  2. No [   ]
28. Have you participated in any capacity building to improved your farming activities in the past 3 years? 1. Yes [   ]  2. No [   ]  
29. Do you have access to extension service? 1. Yes [   ] 2. No [   ]
30. If yes which extension service do you have access to? 1. Govt [   ] 2. NGO [   ]  3. Private Sector [   ]
31. If no, why don’t you have access to extension service?1………………………………………
…………………………………………………………………………………………
Sensitivity
32. Do you have access to irrigation?  1. Yes [   ]  2. No [   ]
33. What is your primary source of domestic water for farming and watering of livestock? 1. Rain Water [   ] 2. Dam [   ] 3. River/Stream [   ]  4. Borehole [   ]  5. Other Specify
34. How many months within the year do you experience rainfall in your community?........................................................................................................................................
35. Do you have access to agricultural credit? 1. Yes [   ]  2. No [   ]
36. If yes, where did you get the agricultural credit from? 1. Commercial Bank [   ]  2. Rural Bank [   ]  3. Micro Savings and Loans. [   ] 4. Village Savings and Loans [   ] 5. Other Specify…………….
37. If yes, why did you go for the agricultural credit?1…………………………………………….
…………………………………………………………………………………………
38. If no, why are they no agricultural credit in your community?...................................................
39. Do you have access to fertilizer and other agricultural inputs? 1. Yes [   ]  2. No [   ]
40. If yes where do you get the fertilizer and other agricultural inputs from? 1. From the Gov’t [   ]  2. NGOs [   ]  3. Private Organisations [   ]  4. Inputs Promoters [   ]  5. Buy from the Market []
41. Do you experience food shortage within the year? 1. Yes [   ]  2. No [   ]
42. How many months within the year do you experience food shortage?......................................
43. Is your farm insured? 1. Yes [   ]  2. No [   ]
44. If yes, why did you insured your farm?1……………………………………………………….……………….
2…………………………………………………………………………………….
45. If no, why haven’t insured your farm?1.......................................................................................
Exposure
46. Do you have access to climate information? 1. Yes [   ]  2. No [   ]  
47. If yes, where did you get the climate information from? 1. Radio [   ]  2. Television [   ]  3. Extension Officers [   ]  4. Other Media [   ]
48. If no, why don’t you have access to climate information?1……………………………………………………………………..
2……………………………………………………………………
49. Have you received warning information on any climate shock prior to its occurrence? 1. Yes [   ]  2. No [   ]
50. If yes, what warning information on climate shock did you receive before its occurrence?
1…………………………………………………………………………………………
51. If yes, who disseminated the warning on the climate shock? 1. Extension Officers [   ]  2. Radio [   ]  3. Television [   ]  4. From FBO [   ]  5. Others ……………...
52. If no, in your opinion why didn’t you have access to the climatic warning?
1…………………………………………………………………………………………
2…………………………………………………………………………………………
53. Has there been an increase or decrease of Pest infestation in your farm? 1. Increase [   ]   2. Decrease [   ] 3. Don’t know [   ] 
54. How many times did experience windstorm in your area in the past 3 years?............................
55. How many times did experience bushfires in your area in the past 3 years?............................
56. How many times did experience floods in your area in the past 3 years?..................................
57. How many times did experience drought in your area in the past 3 years?..............................
OBJECTIVE TWO: ADAPTATION STRATEGIES INTENSITY AMONG SMALLHOLDERS
58. Use the table 1 for this question. How many of the following adaptation strategies did you adopt to cope with climate related hazards? 
Table 1: Adaptation strategies to climate change 
	S/N
	Adaptation Strategy
	Kindly tick the strategies adopted

	
	
	

	1
	Charcoal charring 
	

	2
	Rearing of livestock (indicate the type of animals)
	

	3
	Application of fertilizer
	

	4
	Changing of planting dates
	

	5
	Planting of drought resistant crops (give examples)
	

	6
	Crop rotation 
	

	7
	Mixed cropping (indicate the crops)
	

	8
	Using of improved seeds (indicate the improved seeds being used)
	

	9
	Application of weedicides
	

	10
	Migration (indicate the place you migrate to) 
	

	11
	Irrigation
	

	12
	Application of compost/manure
	

	13
	Cover cropping / mulching
	

	14
	Find off-farm job
	



59. Have you change your climate change adaptation strategies over the past 3 years? 1. Yes [   ]  2. No [   ]
60. If yes to question 57, why did you change your climate change adaptation strategies? 1........................................................................................................................................
2…………………………………………………………………………………………
61. If no to question 57, why haven’t you change your climate change adaptation strategies?
1…………………………………………………………………………………………
2…………………………………………………………………………………………
62. Have you develop any new farming skills as a result of your climate adaptation strategies? 1. Yes [   ]  2. No [   ]
63. What new skills have you developed?1.......................................................................
2...............……………………………………………..
3………………………………………………………
OBJECTIVE THREE: FACTORS THAT INFLUENCE ADAPTATION INTENSITY AMONG SMALLHOLDERS
80. Which of the factors below influences your adaptation to climate change? Please tick as many as maybe apply.
1. Education                                                               12. Access to land
2. Member of FBOs                                                    13. Erratic rainfall
3. Cost
 4. Size of Household 
5. Access to labour
6. Income
7. Distance to Market
8. Farm size
9. Access to weather information.
10. Access to extension service
11. Access to credit facilities.


FOCUS GROUP GUIDE
Before we start, I would like to remind you that there are no right or wrong answers in this discussion. I am interested in knowing what each of you think, so feel free to share your point of view, regardless of whether you agree or disagree with what you hear. It is very important that I hear all your opinions. You probably prefer that your comments not be repeated to people outside of this group. Please treat others in the group as you want to be treated by not telling anyone about what you hear in this discussion today.

1. When was the last time you experienced climatic events like floods, bushfires, and dry spells/drought in this community? 
2. Were your livelihoods affected by these climatic events and in which way? 
3. How do you respond to climate change events like this? 
4. What kind of livelihood actives do you engage in for survival in your community during the off-farming season? 
5. How often do you receive information on climate events like floods and from who? 
6. Do you have agric extension officer in this community?
7. Do you change your adaptation strategies overtime and why?
8. What are some of the adaptation strategies you have changed over the years and why?
9. Do you have Farmer based organization and community-based organization in your community?
10. What is/are the name(s) of this/ these organization(s)?
11. What kind of support do you get from this/these organization (s)? 



KEY INFORMANT INTERVIEW GUIDE
1. Please briefly describe the severity of climate change events like floods and windstorms in this area?
2. How do these climatic event affects the livelihoods and farm production systems in this area?
3. How do farmers in this area respond to climatic shocks?
4. What are the common climate adaptation strategies adopted by farmers in this area?
5. Do farmers in this area change their adaptation strategies over the years and why?
6. How often do extension officers in this area visit farmers in this area?
7. Through which medium do you disseminate climate information to farmers in this area?
8. Besides MoFA which other organisations operate with farmers in this area?




Appendix B
Table A: Computation of vulnerability index of Respondents
Descriptive Statistics 
	MC
	 Indicator
 
	 Mean
	 Std. Dev.
	 Min
	 Max

	Adaptive capacity 
	 Participation in off-farm income generation activity 
	
	0.800
	0.402
	0
	1

	
	 Land tenure 
	
	0.500
	0.502
	0
	1

	
	 Source of energy for cooking 
	
	0.167
	0.374
	0
	1

	
	 Membership to FBO 
	
	0.400
	0.492
	0
	1

	
	 Participation in capacity building training 
	
	0.667
	0.473
	0
	1

	
	Access to agricultural extension 
	
	0.717
	0.453
	0
	1

	
	 Grand adaptive capacity index
	
	0.542
	0.259
	0
	1

	Sensitivity 
	 Participation in irrigation 
	
	0.033
	0.180
	0
	1

	
	 Source of drinking water 
	
	0.119
	0.275
	0
	1

	
	 Number of months experience drought 
	
	0.483
	0.250
	0
	1

	
	Access to production credit 
	
	0.400
	0.492
	0
	1

	
	 Fertilizer application 
	
	0.983
	0.129
	0
	1

	
	 Months of food shortage in a year
	
	0.271
	0.338
	0
	1

	
	Participation in agricultural insurance 
	
	0.000
	0.000
	0
	0

	
	 Sensitivity index 
	
	0.327
	0.106
	0.107
	0.607

	Exposure 
	 Access to climate change information 
	
	0.850
	0.359
	0
	1

	
	Received warning information on any climate shock prior to its occurrence
	
	0.567
	0.498
	0
	1

	
	Field experiences pest infestation 
	
	0.317
	0.467
	0
	1

	
	Number of times a farmer experience windstorm in the past 5 years
	
	0.374
	0.213
	0
	1

	
	Number of times a farmer experience bushfire in the past 5 years
	
	0.392
	0.207
	0
	1

	
	Number of times a farmer experience floods in the past 5 years
	
	0.478
	0.282
	0
	1

	
	Number of times a farmer experience drought in the past 5 years
	
	0.400
	0.280
	0
	1

	
	 Exposure index 
	
	0.482
	0.135
	0.116
	0.701

	
	








Table B: Farmers vulnerability in the study location 
	Community 
	LVI

	
	Mean
	Std. Dev.

	Chinchang
	0.424
	0.104

	Navirawie
	0.444
	0.117

	Dimajan
	0.469
	0.109

	Grand LVI 
	0.446
	0.111



Table C: Fractional Regression Output
	
	LVI-IPCC
	LVI

	 Variable 
	Coef.
	Std. Err.
	t-value
	Coef.
	Std. Err.
	t-value

	Charcoal production
	-0.055***
	0.018
	-3.14
	0.099***
	0.025
	3.91

	Livestock diversity 
	0.036**
	0.017
	2.13
	-0.020
	0.025
	-0.81

	Adjusting planting time 
	0.040
	0.027
	1.47
	0.066*
	0.039
	1.68

	drought resistance varieties 
	-0.117***
	0.027
	-4.41
	0.004
	0.038
	0.10

	Crop rotation
	0.007
	0.017
	0.38
	0.045*
	0.025
	1.81

	Mixed cropping
	0.033*
	0.017
	1.96
	-0.074***
	0.024
	-3.02

	Early maturity varieties 
	-0.011
	0.020
	-0.54
	0.001
	0.028
	0.05

	Weedicides application 
	-0.010
	0.019
	-0.53
	-0.021
	0.027
	-0.76

	Temporal migration
	0.052
	0.039
	1.31
	0.128**
	0.057
	2.24

	Manure application 
	0.016
	0.014
	1.14
	0.037*
	0.021
	1.81

	Cover cropping
	-0.037
	0.024
	-1.51
	0.072**
	0.035
	2.05

	Attitude
	-0.014
	0.022
	-0.64
	0.032
	0.032
	1.00

	Community-distance market 
	-0.074**
	0.035
	-2.12
	-0.010
	0.051
	-0.19

	Sex
	-0.077***
	0.019
	-4.13
	0.092***
	0.027
	3.43

	Age
	0.003**
	0.001
	2.36
	-0.003
	0.002
	-1.35

	Primary
	-0.011
	0.025
	-0.45
	-0.030
	0.036
	-0.83

	JHS/Middle School
	-0.011
	0.027
	-0.39
	0.089**
	0.039
	2.28

	SHS/O Level/A level
	-0.010
	0.024
	-0.43
	0.013
	0.035
	0.37

	Tertiary
	-0.034
	0.030
	-1.12
	-0.006
	0.043
	-0.13

	Marital status 
	-0.067**
	0.033
	-2.01
	0.035
	0.048
	0.72

	Household size 
	-0.007**
	0.003
	-2.06
	0.010**
	0.005
	2.14

	Primary Occupation
	0.027
	0.039
	0.68
	-0.053
	0.057
	-0.92

	Navirawie
	-0.049**
	0.024
	-2.01
	0.009
	0.035
	0.25

	Dimajan 
	-0.044*
	0.023
	-1.93
	0.039
	0.033
	1.16

	Constant
	0.067
	0.067
	1.01
	0.329***
	0.097
	3.40

	Number of obs. 
	120
	120

	F-test  
	5.005
	3.598

	Prob > F 
	0.000
	0.000

	Adj. R square 
	0.4468
	0.476

	Akaike crit. (AIC)
	-305.043
	-216.485

	Bayesian crit. (BIC)
	-235.355
	-146.798


Table D: Poisson Regression Output
	Variable 
	Coef.
	Std. Err.
	t-value

	LVI
	2.464***
	0.733
	3.36

	Sex
	-0.034
	0.116
	-0.29

	Age 
	0.010
	0.007
	1.36

	Marital status
	0.257
	0.183
	1.40

	Household size 
	-0.016
	0.017
	-0.91

	Education 
	0.138
	0.100
	1.37

	Land tenure 
	-0.219**
	0.107
	-2.04

	Farm size
	0.010
	0.008
	1.21

	Television
	0.213**
	0.097
	2.20

	Radio
	-0.001
	0.167
	-0.01

	CC Shocks
	0.284**
	0.110
	2.57

	CC Information
	0.701***
	0.236
	2.97

	Extension service 
	0.237*
	0.128
	1.86

	Off-farm activity 
	-0.239**
	0.117
	-2.05

	Constant
	0.107
	0.424
	0.25

	Model summary 
	
	
	

	Number of obs.  
	120
	
	

	Pseudo r-squared 
	0.071
	
	

	Chi-square  
	38.307
	
	

	Prob > chi2 
	0.000
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