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[bookmark: _Toc164682968]ABSTRACT
Climate change is causing difficulties in food security and livelihoods in Ghana due to unpredictable rainfall, prolonged drought periods, and floods. A study was conducted to assess the effects of climate change on agricultural livelihoods in the rural areas of the Jirapa Municipality. The study used a mixed method approach, employing cluster, stratified, purposive, and convenience sampling techniques to gather data from 4 zones, 9 strata communities and 218 respondents using questionnaires and interviews. Quantitative data was analyzed using frequencies and percentages, while interview data was categorized into themes to provide additional insights. The results of the study indicated that unpredictable rainfall patterns and soil fertility degradation have led to a decrease in agricultural output. Climate change has also been observed through changes in temperature and rainfall patterns over time. Farmers rely on both organic and inorganic fertilizers to enhance productivity, but they lack organic seeds to improve seed viability and crop yields, thus relying on locally sourced seeds from their farm products. Groundnuts, maize, and beans are the main crops for the farmers, and they also raise pigs and goats. The study recommends constructing irrigation systems to supplement rainfall and provide adequate water supply for crops. Additionally, governmental bodies, non-governmental organizations (NGOs), and other stakeholders should use local FM radio stations to educate farmers on climate change and its impact in Ghana. The Ministry of Food and Agriculture and developmental partners should also train farmers on the appropriate use of agricultural inputs and the effective implementation of climate adaptation measures.
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[bookmark: _Toc164682976]1.1 Background of the Study
Climate change has become a prominent concern on the global development agenda. Throughout history, humanity have consistently encountered and confronted various environmental obstacles, necessitating their ability to adjust. Nonetheless, there is a strong believe that the challenges presented by climate change are of such significant size that they surpass the scope of past experiences. It is probable that this will give rise to an exceptional test for both indigenous populations and the international community in general (IPCC, 2021, 6th ed.; Christoplos etal 2009; Scchipper, 2007). The relationship between anthropogenic activities and climate change has been solidified by the fourth Intergovernmental Panel on Climate Change (IPCC) report. As a result, a substantial portion of the climate change discourse and scientific investigation has been directed towards the topics of climate change mitigation and adaptation (IPCC, 2021). However, according to the outcomes of the enquiry, it is evident that only focusing on mitigation measures to decrease emissions will suffice. In order to address the consequences of global warming resulting from previous emissions, adaptation strategies will also be required (IPCC, 2021, 6th ed.; Christoplos et al., 2009; Heltberg et al., 2008)
The notion of livelihood has been comprehensively elucidated by the Department for International Development (DFID) of the United Kingdom, alongside many institutions, individual scholars, and development practitioners. According to Serrat (2017), livelihood refers to the collection of capabilities and assets necessary for sustaining one's life. The Sustainable Livelihoods Framework (SLF), as conceptualised by the DFID (2000), provides a definition of livelihood as the economic benefits gained by people or families, together with the multitude of variables that influence the magnitude, sustainability, and improvement of these benefits. According to Akudugu (2011), the concept of livelihood pertains to the capacity of people and households to fulfill their health, educational, nutritional, social, and cultural requirements, while concurrently setting aside resources for future purposes. Hence, the sustainability of a livelihood is determined by its ability to effectively manage and rebound from various pressures and disruptions, while simultaneously preserving or improving its resources and assets, without compromising the integrity of the natural environment Edwin (2023). Various actions and tactics are employed by individuals, households, and communities in order to generate income. One of the primary livelihood activities and methods in poor nations is agriculture, which is mostly susceptible to the impacts of climate change (IPCC, 2021).
The global South, specifically the African continent, is well recognised as being very susceptible to the effects of climate change. This vulnerability is attributed to its geographical proximity to the equator, as well as its significant poverty rates and limited ability to adapt to changing environmental conditions (Pidwirny, 2006; IPCC, 2021). The potential increase in temperatures is expected to have a significant influence on locations that currently experience high temperatures. This would result in increased evaporation rates, which would in turn have adverse effects on sectors such as agriculture (IPCC, 2021; Mertz et al., 2009). The phenomenon of climate change has the potential to induce a multitude of direct alterations in climatic conditions. Additionally, these alterations may afterwards give rise to a diverse array of indirect consequences, so engendering novel dangers (Mertz et al., 2009). The potential effects of increased temperatures and humidity on local disease patterns and agricultural productivity have been identified as factors that might negatively influence the livelihoods of smallholder farmers and contribute to increased poverty levels (Asante, Guodaar & Arimiyaw, 2021). Given the substantial dependence of several developing nations, particularly those in Africa, on climate-sensitive sectors such as agriculture for sustenance and economic prosperity at both the national and local scales, it is very probable that climate change will exert a substantial impact on national economies and local livelihoods. In addition, these nations are additionally vulnerable as a result of their constrained financial and technical capabilities to effectively address and adjust to anticipated alterations. Moreover, they are already grappling with a variety of challenges, encompassing climate-related factors and non-climatic stressors such as armed conflicts, economic crises, and rapid population growth (IPCC, 2021; Mertz et al., 2009; Heltberg et al., 2008;).
The semi-arid region of Africa exhibits inherent climatic variability at both interannual and multi-decadal levels, rendering it susceptible to droughts. Consequently, this region stands out as a highly vulnerable area in the context of climate change (Masih, Maskey, Mussá, & Trambauer, 2014). The population of rural farmers in West Africa, primarily residing in arid and semi-arid regions, heavily relies on crop production and livestock rearing for their livelihoods. Consequently, these farmers are considered highly vulnerable to the effects of climate change, which would adversely affect the availability of water, vegetation growth, and essential resources for agricultural production (Asante, Guodaar & Arimiyaw, 2021). The agricultural sector is facing concerns about its future sustainability due to a series of droughts experienced in the early 21st century. These droughts have resulted in widespread impoverishment, loss of livelihood, and food insecurity. The looming challenge of climate change further exacerbates the existing issues of vulnerability to livelihood and poverty. These concerns have been raised by scholars such as Masih, Maskey, Mussá, & Trambauer, (2014); Neefjes (2000); Nassef et al. (2009), and Nassef et al. (2009),  
Ghana is strongly dependent on climate-sensitive industries, including agriculture and forestry, which play a significant role in supporting rural lives and contributing to the country's economic growth. The Institute of Statistical, Social and Economic Research (ISSER) (2013) asserts that agriculture remains the primary driver of Ghana's economy. In the year 2012, the agricultural sector made a significant contribution of 22.7 percent to Ghana's Gross Domestic Product (GDP). Additionally, it emerged as the primary source of foreign money, constituting around 40 percent of the country's foreign currency profits. Furthermore, the agricultural sector played a crucial role in meeting two-thirds of Ghana's domestic food requirements (ISSER, 2013). Furthermore, it is worth noting that around 70 percent of the value-added in the industrial sector is derived from agricultural raw materials. Additionally, this sector serves as a significant source of employment, engaging around 56 percent of the workforce. It is noteworthy that approximately 80 percent of these individuals are located in rural regions, where they typically possess tiny landholdings of less than 2 hectares (GSS, 2008; FAOSTAT, 2010). 
Nevertheless, despite the significant economic significance that agriculture holds for the Ghanaian economy, the sector is confronted with the detrimental effects of climate change and extreme weather events, as emphasised in Ghana's Second Communication to the United Nations Framework Convention on Climate Change (UNFCCC), (MESTI, 2011), (Akudugu, 2012). Furthermore, the phenomenon of climate change has exerted additional stress on water resources, posing a threat to agricultural practices. This has subsequently resulted in diminished crop production, leading to socio-economic challenges such as poverty, food insecurity, and the loss of livelihoods among rural farmers. Consequently, these circumstances have contributed to a drop in the overall national revenue, as highlighted by the Ministry of Environment, Science, Technology, and Innovation (MESTI, 2011). Moreover, a study carried out by the Ghana Statistical Survey (GSS) and other scholars has indicated that the significant impoverishment experienced in rural regions of Ghana, leading to the disruption of livelihoods, can be firmly attributed to climate change and the occurrence of extreme weather events. Additionally, non-climatic stressors, including civil unrest and economic turmoil, have also played a role in exacerbating the situation (Ahmed, et al 2016; Akudugu, 2012; GSS, 2008; Hesselberg & Yaro, 2006;). Consequently, this study is aimed to evaluate the influence of climate change on agricultural practises within the Jirapa municipality.
[bookmark: _Toc164682977]1.2 Statement of the Problem
The frequency and scale of weather-related phenomena, such as irregular rainfall, extended periods of drought, and floods, are on the rise in Ghana (FAO, 2008). The occurrence of these occurrences has resulted in the emergence of natural hazards, which have had a detrimental effect on the livelihoods of rural farmers (Akudugu, 2012). The adverse impacts of natural disasters significantly impede the sustenance of impoverished rural populations that rely primarily on sectors that are vulnerable to climatic conditions. Eastin (2018) argued that the consequences of natural hazards, such as climate change, have varying effects on the lives and livelihoods of individuals based on their gender. The United Nations Development Programme (UNDP) (2007) attributes this phenomenon to the societal expectations and roles assigned to men and women. 
Multiple academic studies have supported the idea that natural hazards resulting from climate change have serious consequences as indicated by Eastin (2018), WEDO (2008), Chowdhury et al. (1993), Skutch (2004), Neumayer & Plumper (2007), and Pruss-Ustun et al. (2008). According to Eastin (2018), climate change has increased vulnerability among rural communities, affecting both their economic and social independence. A study is therefore necessary to examine the impact of climate change on livelihoods in these areas.
A study in Bangladesh suggested that flood-related fatalities disproportionately affect women and children compared to men (Fan & Huang, 2023). This disproportionate impact was principally ascribed to the reproductive responsibilities and societal constraints imposed upon them. Therefore, Fan and Huang (2023) proposed a new framework to support better policymaking and exploring solutions. 
According to the findings of Masih, Maskey, Mussá, and Trambauer, (2014), during periods of drought and water scarcity, women are compelled by societal norms to bear the burden of transporting heavy water containers over long distances, often from unreliable sources. This practise has unintended consequences on their well-being, as it negatively impacts their health and limits their availability to engage in other productive endeavours. Masih, Maskey, Mussá, and Trambauer, (2014) suggested further studies to identify and integrate efforts in drought mitigation due to climate change, to reduce future negative impacts.
According to a study conducted by the Food and Agricultural Organisation (FAO), it was found that women are disproportionately affected by climate change and extreme weather variability, resulting in a higher likelihood of losing their livelihoods compared to men. This disparity can be attributed to the limited resources available to women, which is a consequence of societal factors (FAO, 2001). The climatic changes and extreme weather variations in the semi-deciduous and transitional zone of Ghana have been observed in a study conducted by Fosu-Mensah et al. (2012), which was supported by the United States Agency for International Development (USAID) and Multi-Features and Capacity-Enhancing Services (MFCS) (2014). The observed alterations encompass a rise in temperature and a decline in rainfall which pose significant challenges to farmers in the region. These farmers primarily cultivate food crops for household consumption. The study conducted by Sinore and Wang (2024) was primarily focused on investigating the evidence of climate change, its effects on agriculture, and the analysis of farmers' adaptive strategies in response to the changing environment. The aforementioned studies provide support for the claim made by the Intergovernmental Panel on Climate Change (IPCC) that the majority of climate research has primarily concentrated on forecasting the effects of climate change on agriculture and economic endeavours, while comparatively less attention has been devoted to comprehending the varying consequences of climate change on the well-being of individuals and households (IPCC, 2021). The aforementioned report also highlights that while there is widespread confidence in global climate change predictions, significant uncertainty remains at the regional, local, and household scales. This uncertainty necessitates the provision of information to both men and women, who experience climate change in distinct ways, in order to mitigate the adverse effects on their respective livelihoods.
Zaato (2020) found that the livelihood vulnerability indices pertaining to agricultural land and climatic exposure indicators indicate a growing susceptibility of families to the adverse effects of climate change. Zaato (2020) proposed the undertaking of a research in order to uncover adaptive strategies and establish an improved management framework aimed at alleviating the challenges faced by peasant farmers. This study aims to examine the climate change pattern and its effects on agricultural operations in rural areas.
[bookmark: _Toc164682978]1.3 Research Questions
[bookmark: _Toc164682979]1.3.1 General research question
How does climate change impact rural agricultural activities?
[bookmark: _Toc164682980]1.3.2 Specific research question
i. What are the trend and the local manifestations of climate change in Jirapa Municipality?
ii.  How does climate change affect agricultural activities in Jirapa Municipality?
iii. What are the local and institutional climate change coping mechanisms?
[bookmark: _Toc164682981]1.4 Study Objectives
[bookmark: _Toc164682982]1.4.1 General objective
To critically examine the impacts of climate change on rural agricultural activities in Jirapa Municipality.
[bookmark: _Toc164682983]1.4.2 Specific objectives
i. To scrutinise the trend and local manifestations of climate change in Jirapa Municipality.
ii. To determine the effects of climate change on agricultural activities in Jirapa Municipality.
iii. To assess local and institutional climate change coping mechanisms in the study area.
[bookmark: _Toc164682984]1.5 Significance of the Study
Climate change is a global issue that impacts agricultural communities worldwide. Therefore, this study is relevant beyond the Jirapa Municipality. The study aims to help the Ministry of Agriculture and other agencies to understand the risks of climate change in some communities. Weather conditions, rainfall patterns, and temperatures are unpredictable, hence the need for this study. The study will also help to predict which regions are most likely to be affected by extreme weather conditions or threatened livestock or animal species due to climate change. Stakeholders will use the findings to develop pragmatic measures that will educate farmers on the risk factors of climate change and the necessary solutions to mitigate the problem. 
The study's results will inform policy decisions at the local, regional, and national levels in Ghana. The government and other organizations will rely on the study to develop effective climate change policies and programs.
Agriculture is the main source of livelihood for many people in rural areas, and climate change threatens food security. Therefore, the study will shed light on how sustainable agricultural practices can be implemented to mitigate climate change's effects. 
By highlighting the challenges faced by rural communities, the study will empower local farmers and organizations to advocate for support and resources to adapt to climate change. It will also help educators understand the practices that increase the risk of climate change. The study's findings may serve as a resource material for future researchers interested in conducting a similar study. The study will also help to uncover critical areas in the environment not yet explored by many researchers. The findings and recommendations may prompt environmental officers, agriculturalists, and policymakers to educate the populace to minimize the release of greenhouse gases into the atmosphere, which can deplete the ozone layer. Additionally, the study's results will provide farmers with the knowledge to adapt to appropriate farming practices that will minimize the escalation of climate change. In general, this study has the potential to provide valuable insights that can inform both local practices and global conversations about climate change and agriculture.
[bookmark: _Toc164682985]1.6 Scope of the Study
The study is delimited to Jirapa Municipality and not the entire Upper West Region. Jirapa Municipality is one of the biggest districts in the upper west region in terms of landmass and for that matter communities in Jirapa Municipality are quite distant apart and require time and effort to cover all the sample area with the selected tools (questionnaires and interviews) for the study. Thus, some communities will be selected for the study.
[bookmark: _Toc164682986]1.7 Organization of the Study
Five chapters will make up the research. The introductory chapter, titled ‘chapter one’ will present past and current information surrounding the topic under study, including relevant pieces of literature, discuss the identified problem, the importance of the study, the research objectives, the study's delimitations, and its limitations. In chapter two, the researcher will review relevant existing works of literature on the topic under study. 
The third chapter of the research report included an exposition and comprehensive account of the study's design, the target group, the study location, as well as the sample size and the protocols employed for recruiting study participants. Additionally, this study encompasses the examination of the data collecting instrument and methodology, the process of data processing, as well as the ethical aspects involved. Chapter four of the document encompasses the presentation of results and the subsequent examination of the gathered data. Chapter five of the study presents the findings and offers conclusions and recommendations.
[bookmark: _Toc164682987]1.8 Limitations
The study experienced constraints that might have impacted the research process and the generalizability of the findings. The study was limited to a sample size of 137 respondents, out of a total of 228 questionnaires distributed. While efforts were made to maximize the sample size, certain factors, such as sampling, primary data collecting method and interpretation of data, may have limited the reach and response rate. The respondents were selected using purposive, cluster and stratified sampling. Although the chosen techniques aimed to provide a representative sample, it is crucial to recognize that the sample may not completely represent the entire population. Therefore, the generalizability of the results to a broader population may be restricted. The primary data collection method employed for this research was the questionnaire and interview. While questionnaires are a widely used data collection tool, they have inherent limitations such as response bias and lack of flexibility in obtaining detailed responses. Despite efforts to design the questionnaire effectively, these limitations may have influenced the accuracy and depth of the data collected. The study was focused on Jirapa Municipality which may not be fully representative of other settings. The outcomes of the research might be influenced by unique characteristics and circumstances of the chosen context, limiting the generalizability of the findings to other environments. 
Despite the constraints mentioned above, the study aims to contribute valuable insights into impacts of climate change on agricultural activities in the Jirapa Municipality. Readers and stakeholders should be aware of these delimitations when interpreting the findings and extending them to other contexts or populations.
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[bookmark: _Toc164682989]LITERATURE REVIEW
[bookmark: _Toc164682990]2.1 Introduction
This chapter provides a comprehensive assessment of the existing literature pertaining to studies conducted on climate change and its implications for livelihoods. The chapter also covers an examination of the theoretical foundations and conceptual framework that underlie the investigation.
[bookmark: _Toc164682991]2.2 An Overview of Climate Change
The term "climate" pertains to the long-term average weather patterns seen in a particular geographical area, spanning from a few weeks to over 30 years (Sylla et al 2016). In contrast, weather pertains to the prevailing atmospheric conditions at a particular geographical point during a given temporal instance. The predictive impact of weather is very constrained and may be instantly seen by humans, whereas climate lacks this immediacy (Sylla et al 2016; Kropp & Scholze 2009). Climate variations are influenced by several geographical elements, such as the distance from the sea, latitude, presence or absence of mountains, and the composition of vegetation (Baede et al., 2001). 
Climate change, as defined by Akudugu and Alhassan (2012), refers to the gradual alteration of global weather patterns over an extended duration, mostly attributable to human activities in connection to the environment. The impact of climate on human populations is a crucial determinant of their survival and livelihoods. It shapes the geographical distribution of human settlements, the agricultural possibilities for cultivating crops, the availability of water for domestic, industrial, and other purposes, as well as the societal and economic structures within communities (IPCC, 2021, 6th ed.).
[bookmark: _Toc164682992]2.3 Evidence of Climate Change in Ghana 
Ghana is a nation located in the tropical region, characterised by its variable climatic conditions. In the year 2000, Ghana successfully produced its inaugural National Communication to the United Nations Framework Convention on Climate Change (UNFCCC), whereby it made projections on the anticipated impacts of climate change. Furthermore, a research conducted in 2006 by the Centre for Environmental Economics and Policy in Africa (CEEPA) revealed alterations in many climatic factors, such as temperature, precipitation, and ocean levels, across Africa, including the nation of Ghana. Based on the findings of CEEPA (2006) and MESTI (2015), it is projected that Ghana would see an increase in average temperature ranging from 1.0°C to 3.0°C by the year 2060, and from 1.5°C to 5.2°C by the 2090s. The temperature rise, however, will exhibit variation within the agro-ecological zones in Ghana, with the northern interior areas and coastal parts seeing higher temperatures (MESTI, 2015). 
Based on the findings of Arfasa, Owusu-Sekyere, and Doke (2023)., it is projected that the Sudan savannah zone located in the Upper East area would have a temperature increase of 3 degrees Celsius by the year 2100. Similarly, the Guinea savannah zone in the Northern region is anticipated to undergo a temperature rise of 2.5 degrees Celsius. On the other hand, it is projected that the Sudan savannah would have the most minimal temperature, while the Transitional zone in Ghana's Brong-Ahafo region is anticipated to have the most minimum temperature of 3 degrees Celsius by the year 2100. The precipitation quantity and spatial pattern in Ghana have seen discernible changes throughout the years. Based on the findings of MESTI (2015), there has been a notable 10% rise and a corresponding 15% decrease in the worldwide seasonal precipitation pattern and its distribution, with specific emphasis on the nation in question. It is estimated that the annual precipitation in the nation would see a decline ranging from 9 to 27 percent by the year 2100. 
However, it is projected that the Sudan savannah agro-ecological zone will encounter the most significant decline in rainfall, amounting to 170.0mm, by the year 2100. This will be followed by the Deciduous Forest, Transitional zone, and Guinea savannah, with expected reductions of 99.0mm, 78.0mm, and 74.0mm, respectively. Conversely, the rainforest is anticipated to experience a rise in rainfall, reaching an increase of 110.0mm by the same year (MESTI, 2011). According to the findings of CEEPA (2006), there has been a decrease in rainfall patterns in Ghana throughout time, and it is anticipated that this trend would continue with additional reductions in the future. Additionally, it has been observed that the sea level has seen a steady rise of 2.1mm annually over the past three decades. It has been projected that there will be a further rise of 1mm by the year 2100. It has been hypothesised that as a consequence of coastal erosion, the intrusion of salt water into surface and ground sources may lead to future occurrences of earthquakes.
[bookmark: _Toc164682993]2.4 African’s Climate System
The climate in Africa exhibits a wide range of variability and is characterised by a high degree of unpredictability. On one side of the spectrum, it comprises the exceptionally dry conditions seen in the Saharan deserts, whilst on the other extreme, it encompasses the elevated levels of humidity experienced in the Congo rainforest. The synergistic impacts of anthropogenic global warming and human intervention in general are seen to interact with these inherent natural processes Hensen (2015). The African climate is influenced at a macro-level by three primary phenomena or drivers: tropical convection, monsoon alternation, and the el Niño-southern oscillation of the Pacific Ocean. The initial two mechanisms pertain to local processes that regulate temperature and precipitation patterns on a regional and seasonal scale. The last factor has a more distant provenance, however exerts a significant impact on the interannual variations in precipitation and temperature in Africa. In addition to the phenomenon of tropical deforestation, the degradation of grazing land and the practise of biomass burning in savannah regions are other factors that contribute to the impact of anthropogenic greenhouse gases (Arfasa, Owusu-Sekyere, & Doke (2023).,).
The Inter-Tropical Convergence Zone (ITCZ) is responsible for the generation of a substantial quantity of thermal energy. It serves as the predominant factor in the phenomenon of global warming. Africa serves as a significant origin of Atlantic storms, often generated by easterly air waves that traverse the continent during the monsoon season (Arfasa, Owusu-Sekyere, & Doke (2023).,). A significant quantity of aerosols is also generated by the dispersion of dust particles by wind. The impact of aerosols on climate is multifaceted and intricate. Certain aerosols have the ability to reflect incoming radiation, therefore inducing a cooling influence on the Earth's climate. Conversely, other aerosols possess the capacity to trap heat, thereby contributing to the greenhouse effect. Dust particles has the capacity to either diminish or augment precipitation. In low-lying clouds, the adhesion of water molecules to dust particles hinders the accumulation of droplets, hence impeding their descent. However, it is worth noting that in high-altitude clouds, the presence of dust particles in more humid areas might serve as nuclei for the formation of ice crystals, leading to an increase in precipitation (Nicholson, 2013).
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Ghana is characterised by three hydro-climatic zones, which include the Volta basin system, the South-Western basin system, and the Coastal basin system. The South-Western area has the most elevated levels of humidity in the country, as shown by its average annual precipitation, which falls within the range of 1500 to 2000 mm. The Volta basin system, located in the northern section of the country, has an average annual precipitation of around 1000 mm in the savanna, while in the wooded regions, it varies between 1500 mm and 2000 mm. The coastal basin system has the most minimal quantities of precipitation, characterised by an average annual rainfall of around 900 mm. Precipitation patterns are governed by the tropical rain belt, which experiences seasonal oscillations between the northern and southern tropics.
The climate of Ghana is defined as tropical and is significantly impacted by the West African monsoon. Asante et al. (2011) found two primary rainfall regimes:
i. The phenomenon of twin maxima regime is seen to the south of latitude 8º30`N, characterised by two distinct times of maximum activity. The first period spans from May to August, while the second phase occurs from September to October.
ii. The singular maximum regime is seen in the region located north of latitude 80 30`N. In this area, there exists just one rainy season spanning from May to October, which is then succeeded by an extended dry season from November to May.
The rainy season in northern Ghana lasts from May to November, when the Inter-Tropical Convergence Zone (ITCZ) is in its northern location and the prevailing wind is southwesterly, and the dry season lasts from December to March, when the ‘Harmattan’ blows in a northeasterly direction, as seen in Table 1. According to Asante et al. (2011), the southeastern shoreline exhibits arid conditions and stands out in contrast to the northern and southern regions. The formation of the Sudan Savanna zone, Guinea Savanna zone, Transition Zone, semi-Deciduous Rainforest zone, and High Rainforest Zone can be attributed to prevailing patterns of rainfall and temperature. The zones in question, namely Navrongo, Tamale, Wenchi, Kumasi, and Axim, have been assigned geo-climatic designations as documented by Asante et al. (2011). Amikuzono et al (2013) provided a summary of climatic baseline changes in Ghana.
(i) The mean annual temperature has experienced a rise of 1.0˚C, with an average increase of 0.21˚C each decade. The pace of growth has exhibited a greater magnitude in the northern areas of the country in comparison to the southern regions.
(ii) The annual mean of 'hot' days had a rise of 48 days from 1960 to 2003.
(iii) (iii) There was a significant rise of 73 in the average number of nights with high temperatures each year throughout the same time.
(iv) According to the data, there was a drop of 12 cold days each year, which accounts for approximately 3.3% of the total number of days, from 1960 to 2003.
(v) The average number of ‘cold’ nights per year decreased by 18.5 (5.1% of days) in the same period. Annual rainfall in Ghana is highly variable on inter‐annual and inter‐decadal timescales and long-term trends are difficult to identify. 
(vi) Rainfall over Ghana was particularly high in the 1960s, and decreased to particularly low levels in the late1970s and early 1980s, producing an overall decreasing trend in the period 1960 to 2006, with an average precipitation of 2.3 mm per month (2.4%) per decade. 
(vii) There is no evidence of a trend in the proportion of rainfall that has occurred since 1960. The climate processes are presented in table 1

[bookmark: _Toc164683203]Table 1: Major climatic processes
	Major Climate Processes
	Impacts on climate

	El Nino Southern Oscillation (ENSO)
	Brings warmer and drier than average conditions in the south in December-March, wetter than average conditions in the north, particularly in November-May

	Inter-Tropical Convergence Zone (ITCZ) and West African monsoon
	Brings rains as it oscillates north-south. Creates a shift between the two opposing prevailing wind directions


Source: Druyan (2011)
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In general, climate models lack the capability to accurately predict alterations in regionally influenced climatic phenomena, such as the El Niño-Southern Oscillation (ENSO). Consequently, climate models pertaining to Ghana demonstrate a diverse spectrum of anticipated alterations in the magnitude of forthcoming El Nino-like occurrences. The climate of Ghana is significantly influenced by the El Niño-Southern Oscillation (ENSO), resulting in a degree of uncertainty in climate estimates. The forecasts for changes in precipitation in Africa's Sahelian and Guinea coast areas exhibit significant unpredictability, and the majority of models are unable to accurately replicate the authentic year-to-year and decade-to-decade fluctuations in rainfall observed in the Sahel during simulations of the 20th century. The presence of anticipated modifications is accompanied with an elevation in the level of uncertainty, as noted by the Intergovernmental Panel on Climate Change (IPCC, 2010). 
Numerous research have been conducted to elucidate the prospective climatic patterns for Ghana. The aforementioned studies encompass the World Bank's examination of the Economics of Adaptation to Climate Change Study, as well as the 2000 UNDP Climate Profile of Ghana, specifically focusing on the time frame spanning from 2060 to 2090. The researchers have identified several key discoveries, which are as follows: 
i. The expected increase in mean annual temperature is estimated to range from 1.0 to 3.0°C by the 2060s, and from 1.5 to 5.2°C by the 2090s. The rate of warming in the northern interior areas of Ghana is anticipated to be the most fast.
ii. According to projections, there is an anticipated temperature rise of 2.1–2.4°C in the northern regions, 1.7–2.0°C in the western, western-central, and Volta regions, and 1.3–1.6°C in the Bono Ahafo area.
iii. The estimates suggest significant increases in the occurrence of both hot days and nights in the existing environment. However, there is a wide range of projections across different models. The expected yearly decrease in total rainfall is estimated to be 1.1% and 20.5% for the years 2020 and 2080, respectively.
iv. The anticipated change in seasonality suggests that there would be an early cessation of rainfall in the transitional zone, resulting in a shift from a bi-modal regime to a uni-modal regime.
v. The precipitation estimates suggest a recurring pattern of cyclical nature throughout all areas from 2010 to 2050, characterised by alternating periods of abundant rainfall and subsequent droughts occurring about once per decade. The regions anticipated to have the highest levels of precipitation include the Tropical and Moist Deciduous Rainforest zone, located in the Ashanti and Western regions, as well as the Coastal zone, encompassing the Volta, Eastern, Central, and Greater Accra regions. According to projections, the Savannah zones in the northern and southern regions are anticipated to see rather arid conditions.
vi. The percentage of annual precipitation that occurs during intense rainfall events is showing an inclination towards growth. Additionally, there is an observable pattern in the forecasts indicating a decline in rainfall during the January-June period (known as the dry season), while an increase in precipitation is projected for the July-August period (known as the wet season). These trends suggest a tendency for wet seasons to become even wetter and dry seasons to become drier.
vii. The projected changes in 1- and 5-day rainfall maxima exhibit a tendency towards rises; nevertheless, there is a significant degree of variation in these estimates.
viii. According to projections, the anticipated sea level increase for the years 2020, 2050, and 2080 is estimated to be 5.8 cm, 16.5 cm, and 34.5 cm, respectively. In general, it is anticipated that Ghana would see elevated temperatures and precipitation levels during the rainy season, while encountering reduced rainfall during the dry season. Additionally, the country is expected to face rising sea levels and heightened occurrences of storm surges.
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Ghana's agricultural sector encompasses a diverse range of agricultural commodities. According to Ghana Statistical Service (GSS), (2015) the agricultural industry offers both formal and informal job opportunities to the population of the country. The agriculture subsector is predominantly comprised on crop production. According to the Ghana Statistical Service (2010), it comprises around 66.2% of the overall agricultural production in the nation. The agricultural production subsector encompasses the cultivation of a diverse range of crops over a wide array of climatic zones, spanning from arid savannas to humid tropical forests. The agricultural sector in Ghana is heavily reliant on a variety of products such as yams, groundnuts, cassava, cereals, cocoa, oil palms, kola nuts, and timber, which serve as the fundamental pillars of the country's economy (GSS, 2015). According to data from the World Databank in 2013, around 155,000 square kilometres, which accounts for 68% of Ghana's overall land area, is categorised as agricultural land. 
Around 78,500 square kilometres of the whole land area are dedicated to agricultural agriculture, accompanied by an additional 300 square kilometres that are irrigated. The predominant component of the agricultural industry comprises smallholder rain-fed peasant farming, which relies on basic equipment, techniques, and technology. This sector contributes around 80% of the overall agricultural production. The agricultural sector in the nation predominantly operates on a smallholder scale. Around 90% of agricultural holdings have a size of less than two hectares. Nevertheless, there are a number of expansive agricultural estates predominantly dedicated to the cultivation of rubber, oil palm, and coconut. The conventional agricultural system is the predominant farming system inside the nation. The hoe and cutlass are often employed agricultural implements that have significant prominence among farmers. The prevalence of mechanised farming has diminished. The agricultural productivity in a given area is influenced by the quantity and spatial distribution of precipitation received. The impact of soil fertility on crop productivity is a significant consideration. A predominant practise among food crop producers is the utilisation of mixed or intercropping techniques. Monoculture is commonly associated with agricultural practises employed in larger-scale commercial farms (MOFA, 2011). According to the Food and Agriculture Organisation (FAO, 2001), Ghana cultivates a variety of crops, including cereals, fruits, legumes, roots and tubers, vegetables, and industrial crops. Cereals, roots, and tubers, as well as legumes, are considered to be fundamental crops in many societies. Fruits and vegetables have a crucial role in supplying essential micronutrients, although industrial crops hold significant economic value as cash crops primarily intended for exportation, hence generating profits. The determination of optimal crop selection and agricultural systems in the agro-ecosystem is influenced by several physical and biological factors, alongside social and economic variables. These factors collectively contribute to identifying the crops and agricultural practises that can deliver the highest productivity while minimising potential risks to the farmer and the household Stutley (2010). Ghana exhibits notable regional disparities in terms of agricultural organisation and operations, as highlighted by Tanaka, Nuamah, & Geiger (2018). From an economic standpoint, it is noteworthy that the forest zone holds significant importance as an agricultural producer, contributing to around 43% of the agricultural Gross Domestic Product (GDP). This phenomenon may be attributed, at least partially, to the expansive cultivation of cocoa, which not only generates agricultural revenue but also significantly contributes to Ghana's export sector. The cocoa acreage in Ghana is estimated to be roughly 1.6 million hectares, a figure that closely aligns with the entire area dedicated to grain cultivation. The coastal savannah zone accounts for 10% of the agricultural gross domestic product (GDP), while the remaining 47% is contributed by the other savannah zones. Cassava, yams, taro, sweet potato, and plantain collectively occupy around 1.9 million hectares, a land area that is approximately equivalent to the total acreage dedicated to cereals and pulses. The rise of Ghana's agricultural production has mostly been propelled by the extension of land, but the enhancement of productivity continues to pose challenges. From 1994 to 2006, there was a notable 60% rise in cultivated land, as reported by Tanaka, Nuamah, & Geiger (2018). However, in recent times, this growth has seen a deceleration. Cocoa has emerged as the predominant catalyst for land expansion. The primary factors contributing to suboptimal agricultural productivity are inadequate soil fertility and limited use of modern technology, including fertilisers and better seed varieties.
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The agricultural sector, being the primary source of employment within the Ghanaian economy, is significantly affected by climate change. The distribution of rainfall is a critical factor that significantly impacts the agricultural sector. Due to the increasing difficulty in accurately predicting rainfall, the agricultural sector is facing heightened risks. The anticipated precipitation levels are projected to exhibit significant fluctuations, hence exerting an impact on agricultural yield and the socio-economic well-being of rural communities. The social implications of climate variability encompass alterations in land tenure systems and social dynamics, population displacement, and the subsequent susceptibility of metropolitan areas. 
The primary source of water for agricultural output is rainfall, hence any alterations in precipitation patterns would exert a substantial influence on productivity. Climate forecasts indicate that the escalation of temperatures and the heightened occurrence of droughts would result in an increased frequency of bushfires and subsequent environmental degradation. Historical alterations in climatic conditions have intensified rural poverty and expedited the processes of soil degradation and desertification. The costs, risks, and profitability associated with investments in agriculture are increasing. The climatic fluctuations have had both advantageous and detrimental outcomes for the agricultural sector. However, studies conducted in less developed countries have uncovered more pronounced adverse effects that impact agricultural, livestock, and fisheries production. 
According to Raven and Wagner (2021) proposition, fluctuations in temperature have the potential to diminish agricultural output due to their role in intensifying insect infestation. According to the Food and Agriculture Organisation (FAO, 2008), fluctuations in precipitation and prolonged periods of drought have detrimental effects on agricultural yield. In addition to its effects on crop productivity, climate change has been demonstrated to exert influence on both cattle output and fisheries production, as evidenced by the findings of the Food and Agriculture Organisation (FAO, 2008). The Ghanaian economy relies heavily on agriculture, as indicated by the fact that around 60% of the population engages in agricultural production and animal husbandry for subsistence needs (ADB, 2011). According to the Ministry of Agriculture (MOFA, 2008), it may be inferred that agriculture encompasses a significant portion of the nation's land. 
In Ghana, the agricultural sector relies on rainfall as the primary source of water for crop cultivation and animal husbandry, hence making the productivity of both crops and livestock very susceptible to meteorological conditions. The agricultural sector plays a crucial role in alleviating poverty in many developing countries since it serves as the primary source of income for a significant portion of rural families. In the agricultural sector of Ghana, smallholder farmers are responsible for cultivating an estimated land area of 1-2 hectares, contributing to around 80% of the nation's total agricultural output. The agricultural industry in developing nations is particularly susceptible to the impacts of climate change due to its heavy reliance on rainfall, making it a very fragile sector despite its significance.
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Climate change can have a wide range of effects on crop output. Warming tends to diminish yields over a specific temperature range because crops mature faster, generating less grain in the process (IPCC, 2007). Furthermore, rising temperatures interfere with plants' ability to obtain and use moisture. When temperatures rise and plants increase transpiration, evaporation from the soil accelerates. Excessive rainfall caused by climate change causes floods, which devastate arable areas, degrade crop growth, promotes weed growth, and increases post-harvest losses. A considerable decrease in rainfall may result in drier soil, lower water levels in streams and rivers, increased farmers' search for water for irrigation, and, as a result, a decrease in crop output (Sarku, (2023); Ozor, 2009). 
Stutley (2010) identifies severe temperatures in Ghana as the source of low crop yields when discussing the effects of climate change on crop productivity. Similarly, Acheampong. (2022) contended that severe heat and persistent drought were the primary causes of low crop productivity in Ghana. According to Tonah (2010), agricultural planting seasons in Ghana have shifted from early April in the 1960s to late April or early May in the 1960s. These variations were attributed to the unpredictability of rains and changing environmental conditions, particularly in the amount and distribution of rain. These shifting rainfall patterns had an impact on cereal productivity as well as root and tuber production Acheampong (2022); Daze, (2009). 
Climate change, on the other hand, not only reduces agricultural productivity, resulting in food insecurity at the local or national levels, but also increases the occurrence of pests and diseases in crops, posing major hazards to human health and livelihoods Ampaabeng and Tan (2012). Maize yields in Ghana were anticipated to fall by around 15% by 2050, using 2000 as the base year (Fosu-Mensah, Manchadi, & Vlek (2019); Jones & Thornton, 2003). According to Schlenker and Lobell (2010), mean yields of maize, sorghum, millet, and groundnuts will decline by around 20% by the middle of the century when compared to average yields from 1961 to 2006. (2046-2065). Using crop yields from 2000 as a baseline, Nutsukpo et al. (2012) discovered that climate change will result in an overall yield loss of less than 25% for rain fed maize and rice and more than 25% for groundnuts by 2050. However, regional yield variations were seen to yield increases as predicted in some places (De Pinto et al., 2012).
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The study conducted by Kabubo-Maria (2008) examines the effects of climate change on the nutritional value of feed resources utilised in cow farming. The phenomenon of climate change might potentially exert an influence on the production of cattle and dairy products. The trends in animal husbandry may be influenced by climate change, cropping patterns, and disease vectors. According to Keane (2009), the anticipated consequences of climate change include decreased dairy production, hindered animal weight increase and reproduction, and diminished feed-conversion efficiency in regions with elevated temperatures.
The phenomenon of climate change has the potential to increase the vulnerability of cattle to disease infections as a result of fluctuations in temperature. The projected consequences of climate change on the occurrence of cattle illnesses are attributed to the transmission of most diseases by vectors, such as ticks and flies. These vectors are known to have temperature-dependent development phases, as highlighted by Eagle et al. (2010). Cattle, goats, horses, and sheep exhibit susceptibility to a diverse range of nematode worm infections, with the influence of environmental conditions being a significant determinant for the bulk of these infections. This phenomenon has the potential to impose constraints on livestock output and impede the pace of progress within this sector.
Climate change has the potential to diminish the quantity of water accessible for the purposes of irrigation and fish production. According to Dube (2013), a rise in temperature leads to evaporation, resulting in the reduction of water bodies. Consequently, this drop in water availability negatively impacts irrigation and diminishes fish yield. The repercussions of significant water recession are detrimental to whole economies. Egypt and Kenya are dependent on the Nile River for the purpose of irrigation. Similarly, Guinea, Mali, Niger, and Nigeria rely on the Niger River for sustenance, water resources, and transportation. Additionally, Ghana relies on the Volta River for similar purposes, as stated by Nair (2009). The statement above suggests that there is a decline in the production of livestock, leading to a reduction in the supply and accessibility of animal-based protein sources, including meat, eggs, milk, as well as other animal-derived items like hides and skins (Sarku, (2023);  Ozor, 2009).
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Agriculture is the predominant economic activity for rural inhabitants in Sub-Saharan Africa, engaging over 60% of the populace and making a contribution of around 30% to the Gross Domestic Product (GDP) (Nhemachena & Hassan, 2007). The potential effects of climate change on agricultural productivity in many African nations have been highlighted in the fourth assessment report of the Intergovernmental Panel on Climate Change (IPCC) (Below et al., 2010). According to Nhemachena (2007), the agricultural sector is anticipated to experience substantial consequences as a result of climate change. This is primarily attributed to the long-term alterations in precipitation patterns and the shifting temperature zones. These changes pose a significant threat to the region's food security, as the livelihood activities of the population heavily rely on climate conditions. 
Doss and Morris (2001) assert that the perspectives, cognitive processes, behavioural patterns, values, and objectives of indigenous populations are significant factors in addressing the challenges posed by climate change. According to the study conducted by Below et al. (2010), the impact of climate change on agriculture and the livelihoods of rural populations in developing countries is expected to be significant. This is mostly due to the fact that the rural poor heavily rely on agricultural activities for their sustenance. The impact of climate change on agriculture and rural communities is substantial. However, there are certain agricultural and forestry strategies that may be employed to mitigate climate change and simultaneously enhance rural livelihoods (Darko & Atazona, 2013). 
Certain rural subsistence activities, such as the production of charcoal and the collection of firewood, have notable environmental implications and can contribute to the phenomenon of climate change. In order to mitigate climate change and improve rural lives, it is imperative to provide affordable access to renewable energy options such as biogas and solar energy. This would effectively curtail activities within rural communities that are known to contribute to climate change.
[bookmark: _Toc164683001]2.6 Farmers’ Livelihood amidst Changing Climate
The lives of a significant number of individuals in developing countries, particularly those who are economically disadvantaged, have been significantly affected by climate change. This impact is mostly attributed to the direct consequences on their sources of livelihood (Chambwera and Stage, 2010). Various cultural systems, socioeconomic situations, and environmental exposures contribute to the fluctuation of household income sources over a period of time (Egyir et al., 2013). Certain livelihood assets, such as knowledge and practises related to agricultural production, may become outdated, hence impacting the effectiveness of sustainable livelihood strategies. This is particularly relevant in the context of climate change, as the variability of climate conditions can undermine the integration and utilisation of these assets (Egyir et al., 2013). 
In instances of this kind, the importance of livelihood diversification becomes paramount in determining the capacity of communities and households to effectively manage and adapt to climate-induced stresses and disturbances (Thakur & Bahagavan, (2019).). The economic, social, cultural, and environmental conditions of individuals and groups are impacted by climate fluctuations and changes, resulting in modifications to the worth and applicability of different livelihood assets (Thakur, B. S. & Bahagavan, A. (2019); Duncan, 2004). Livelihoods encompass the many ways, activities, rights, and assets through which individuals sustain their livelihood (Elasha et al., 2005). According to the Department for International Development (2001), the aforementioned assets encompass social, ecological, financial, human, and physical dimensions.
The use of adaptive measures to address the impacts of climate change on livelihoods is an essential approach to supplement climate change mitigation efforts. Gaining insight into the characteristics of local livelihoods, including the various techniques employed by local communities and the obstacles that hinder their achievement, is of paramount importance. The acquisition of such comprehension necessitates the application of social analysis, as stated by the ADB (2011), to discern certain social groups and their interactions within the context of the vulnerability environment.
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The phenomenon of climate change has been demonstrated to exert a discernible influence on the productivity of agricultural systems, the boundaries of ecological systems, and the geographical distribution patterns of many species of plants and animals. The aforementioned phenomenon exerts an adverse influence on the sustenance of communities that depend on primary industries, such as agriculture, which is intricately linked to the natural environment (Glazebrook, 2011). According to a report by the United Nations Development Programme (UNDP) in 2007, the livelihoods of people who rely on agriculture are jeopardised by alterations in precipitation patterns and temperature. Droughts, floods, and thunderstorms are often occurring climatic phenomena that have significant detrimental effects on agricultural yields and contribute to the escalation of food prices (UNDP, 2007). The capacity to participate in alternative livelihood pursuits is therefore essential in safeguarding households from the adverse impacts and strains resulting from climate change. The agricultural sector, water supplies and quality, biodiversity, health, and ecosystems in certain regions of Eastern and Southern Africa have been adversely impacted by climate change (Nhemachena, 2020). These components are crucial elements of the local livelihood assets. 
According to the United Nations Development Programme (UNDP, 2007), the rapid pace of change has had a detrimental impact on vulnerable livelihoods, making those who were already less inclined to adapt even less capable of doing so. Furthermore, this has hindered their prospects for future livelihood opportunities. Farmers employ various alternative livelihood strategies, such as the seasonal migration of livestock keepers and the dispersion of livestock herds across different areas. Additionally, they engage in rainwater harvesting, undertake casual labour to fulfil their food and household requirements, sell livestock, and participate in small-scale enterprises such as shops, local restaurants, and kiosks (Kangalawe and Lyimo, 2013). 
The vulnerability of an individual is defined by their asset base, the pattern of asset selection, and the manner in which assets are utilised. Individuals and groups with limited livelihood assets may exhibit unsustainable or dysfunctional responses. Insufficient rules and procedures inside institutions have the ability to exacerbate local shocks and stresses (Kangalawe and Lyimo, 2013). This constraint imposes limitations on livelihood options and thus affects the outcomes of livelihoods. The determination of the ability to adjust to future trends of climate change and unpredictability may be made by utilising coping and adaptive capacity as a proxy, as suggested by Sylla et al. (2016). Consequently, individuals with insufficient coping and adaptation abilities will face greater vulnerability in terms of their livelihoods when confronted with future demands2.6.2 Security of farmers’ livelihoods in Ghana. The manifestation of climate change in Ghana is evident through the observed decrease in precipitation, increased variability in rainfall patterns, occurrences of droughts, and elevated temperatures. The aforementioned factors have had a significant influence on the livelihood assets of communities, hence rendering them vulnerable to the adverse effects of hunger and poverty (Akudu & Alhassan, 2012). The destruction of farmlands, biodiversity, and wildlife caused by floods and bushfires resulting from elevated temperatures has had a detrimental impact on the fundamental natural resources that rural communities depend on for their livelihoods (Akudugu and Alhassan, 2012). Roncoli et al. (2009) argue that the implementation of diversification strategies, such as migration, non-farm employment, and social support networks, alongside livestock production, has effectively alleviated the adverse impacts of climatic variability on agricultural families. According to Yaro (2013), in Ghana, significant strategies for adaptation and resource acquisition include hunting and gathering of wild fruits, production of charcoal, and engagement in chainsaw operations. According to Yaro (2013), several economic activities like as minor commerce, security labour, handicraft, paid employment, and the production and trade of charcoal and firewood are highlighted as significant sources of revenue generation in Ghana, emphasising the significance of both agricultural and non-agricultural endeavours. According to Asante, Guodaar, and Aimiyaw (2021). trade emerges as the predominant alternative livelihood pursuit among smallholder farmers. In order to engage in the sale of their labour, a significant number of farmers opt to relocate to regions that are characterised by higher levels of dynamism and economic productivity. Demeke and Zeller (2012) posit that in periods of little rainfall, agricultural workers allocate additional labour resources towards other livelihood activities that are comparatively less hazardous. Consequently, the engagement in off-farm livelihood activities through the sale of labour mitigates the influence of weather sensitivity on both household income and food availability.
Yaro (2013) highlighted the fact that the practise of preserving wealth in the form of healthy animals has encountered obstacles due to the discontinuation of government programmes aimed at eradicating livestock illnesses. This served as a means of investment that facilitated the adjustment of livelihoods during periods of shocks and stress, so fostering the development of resilience. It is important to prioritise the resilience of livelihoods in discussions pertaining to climate change and adaptation (Serrat, 2017).	
The collecting and sale of shea nuts, dawadawa, fuel wood, and wild fruits has become important sources of income in Africa, particularly during the lean season (Yaro, 2013). Flooding wrecked buildings, evicted families, and ruined farmlands in Ghana's three Northern Regions in 2007, destroying ecological, social, and physical assets. Households lost their means of subsistence, and resources for alternative means of subsistence were few (Akudugu and Alhassan, 2012). In such terrible circumstances, the collecting of shea nuts and dawadawa provided a source of income in the short term, as these are widely available throughout Ghana's Northern areas. While most farmers have sought alternative sources of income, there have been some notable exceptions. 
Participation in alternative income-generating activities other than agriculture, according to Asante, Guodaar and Aimiyaw (2021) has not been prioritized in various sections of Ethiopia. Although not explicitly stated, this could be owing to some type of security that supplements such demands. According to the United States Department of Agriculture (2015), the relevance of alternative livelihoods varies per farm and decreases as farm output grows. Off-farm livelihood engagements have recently contributed significantly to the revenue sources of agriculture-based households (United States Department of Agriculture, 2015). These alternative livelihood activities offer a ray of hope through which agriculture-based households whose income and food supply are endangered by CVCC can channel limited capital and labour resources to produce results that secure continuing household food and income supply (Biazin et al., 2012). 
Off-farm income appears to represent a substantial component of income in Ghana, particularly for highly labor-rich households in restricted land contexts (McCarthy and Sun, 2009). Effective development policies must improve people's livelihoods through promoting equity and boosting the sustainability of resource use. People must be placed at the center of the analysis in the climate change discourse, rather than being dominated by ecosystems, technologies, governments, markets, experts, or resources Serrat (2017). These must be oriented toward increasing farmers' asset base so that they can engage in diverse livelihood methods that result in long-term livelihood results.
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Climate change adaptation encompasses intentional modifications in both natural and human systems and behaviours. It encompasses a range of activities, strategies, processes, and policies that are implemented in response to current or projected climatic impacts. The primary objective of these measures is to mitigate the potential risks posed to human lives and livelihoods (IPCC, 2007). Climate change mitigation encompasses a range of actions and strategies aimed at minimising the adverse effects of global warming. These efforts primarily involve the reduction of greenhouse gas (GHG) emissions and the control of GHG concentrations in the atmosphere in the short term. Additionally, it involves making sustainable development choices that promote low emissions in the long term, as outlined by the Intergovernmental Panel on Climate Change (IPCC) (2007).
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According to Tol (1998), adaptation may be defined as the process of making adaptations in ecological, social, and economic systems in response to climate conditions and their associated consequences as stated in Iddrisa et al (2012). According to the Intergovernmental Panel on climatic Change (IPCC, 2013), adaptation may be defined as the systematic process of making adjustments in response to current or anticipated climatic conditions and their associated impacts. The objective of adaptation within human systems is to minimise or prevent negative consequences while simultaneously maximising opportunities for beneficial outcomes. The promotion of adaptation to anticipated climate change and its associated impacts can be facilitated by human intervention in certain natural systems. As to the United Nations Development Programme (UNDP), adaptation refers to a systematic approach wherein strategies and practises are devised, adjusted, enhanced, and executed to address, alleviate, manage, and capitalise on the consequences of climatic events. 
As per the findings of the International Union for Conservation of Nature and its associated organisations (IUCN et al., 2004), adaptation refers to the capacity to effectively react and adapt to existing or anticipated consequences of shifting climatic circumstances, with the aim of minimising adverse effects and capitalising on any favourable prospects that may arise from the climate changes. Adaptation encompasses many measures aimed at reducing vulnerability to climatic unpredictability and extremes, including policies and initiatives that seek to minimise exposure to such events. Additionally, attempts to develop adaptive capacity, or the ability to adjust and respond effectively to changing climatic conditions, also fall under the umbrella of adaptation. The concept of adaptive capacity refers to the capability of a human system to respond to climate change, which encompasses climatic variability and extremes. This capacity includes the ability to reduce potential negative impacts, take advantage of potential opportunities, and effectively manage the consequences of climate change (FAO, 2008). Adaptation can manifest in two forms: anticipatory adaptation, wherein systems proactively make adjustments before to the occurrence of early effects, or reactive adaptation, wherein changes are implemented in reaction to the beginning of impacts (IUCN et al., 2004). 
The activities undertaken by individuals within a specific locality in response to evolving market or environmental conditions ought to be regarded as instances of adaptation. The adaptation process has several key components, including acquiring knowledge about potential hazards, evaluating various response options, facilitating the conditions necessary for adaptation, mobilising available resources, executing adaptation measures, and adjusting decisions in light of new insights (IUCN et al., 2004). Efforts to adapt can encompass a spectrum of approaches, spanning from technological solutions, such as the building of coastal defence systems, to behavioural modifications, such as shifts in dietary or recreation choices. Additionally, management adjustments, such as changes in agricultural operations, and policy-related interventions, such as the implementation of planning rules, are also considered as part of adaptation endeavours. The transformation of people's tastes and preferences can be attributed to globalisation (Environmental Protection Agency (EPA) et al., unpublished data).
[bookmark: _Toc164683005]2.7.2 Soil and water conservation in agriculture
Ensuring food security and tackling climate change adaptation are essential endeavours that may be achieved via the implementation of comprehensive programmes focused on agricultural development. Barron et al. (2010) assert that the incorporation of various agricultural practises, including but not limited to prompt availability of farm inputs, contour-ridge tillage, stone lines, connected ridges, terracing, and crop residue management and mulching, za pits, agroforestry, farmer-managed natural regeneration of field trees, and rainwater collection, is deemed essential. The primary contribution of conservation agriculture to adaptation resides in its capability to minimise soil erosion and storm water flow, while concurrently augmenting soil water retention capabilities. The enhancements described in the study conducted by Barron et al. (2010) have been found to have a beneficial effect on water production. 
The use of the aforementioned conservation techniques in agro-ecosystems located in the dry lands of West Africa raises doubts regarding its scope of implementation. The region of Southern Niger exemplifies a notable case study of positive large-scale change in semi-arid agricultural settings. The adoption of farmer-managed natural regeneration of field trees has yielded substantial modifications to agricultural landscapes, including an area over one million hectares within this specific country. According to the World Resources Institute (2008), these alterations have resulted in the reinstatement and enhanced durability of certain geographical areas. The notable change can be ascribed to multiple factors, such as the improvement of land tenure security, the transfer of tree ownership from the state to local communities, the creation of markets for fodder tree products, and the alleviation of severe drought conditions in the Sahel region. An alternate viewpoint often found about this narrative of success is one that posits the lack of secure land tenure as a substantial obstacle to making investments in land improvements, as illustrated by the case of Mali (Ebi et al., 2011). Moreover, the absence of secure land tenure poses a significant challenge to the efficient use of land resources for the aim of reducing shocks, as evidenced by the situations in Burkina Faso and northern Ghana.
[bookmark: _Toc164683006]2.7.3 Soil and nutrient management
The Food and Agriculture Organisation (FAO) asserts that the sufficient availability of nitrogen and other key nutrients is of paramount importance in augmenting agricultural productivity. There exist a multitude of prospective tactics that can be utilised to augment agricultural practises. Several strategies may be employed to enhance nutrient management in agricultural systems. These strategies encompass composting manure and agricultural wastes, improving nutrient allocation to coincide with specific plant requirements, utilising controlled release and deep insertion technologies, and exploiting the intrinsic nitrogen fixation capabilities of legumes such as macuna. The prioritisation of employing methodologies and tactics that optimise the integration, conservation, and use of organic nutrients has significant significance. The utilisation of this method is of utmost importance as it reduces the dependence on synthetic fertilisers, which are sometimes financially burdensome and difficult to get for small-scale subsistence farmers. Additionally, the usage of synthetic fertilisers is known to contribute to the production of greenhouse gases during their manufacturing and transportation operations (FAO, 2010).
The use of soil conservation methods is increasingly being observed in Ghana and several other African countries. The study done by Lema and Majule (2009) in the Manyoni District of Tanzania revealed that farmers in the Kamenyanga and Kintinku areas have proficient timing in implementing several agricultural practises. The aforementioned practises encompass the burying of crop wastes as a means to improve soil fertility, the burning of crop residues to expedite the release of nutrients, and the exploitation of animal grazing on farmlands subsequent to crop harvesting in order to raise levels of soil organic matter (Lema and Majule, 2009).
[bookmark: _Toc164683007]2.7.4 Water management-small reservoirs and irrigation 
The use of small reservoirs is a prevalent method for mitigating risks in the West African area. Small reservoirs offer significant potential for various applications, including meeting the water needs of households and livestock, supporting the development of irrigation systems, promoting the diversification of agricultural production towards more profitable market outputs, and reducing reliance on rain-fed crops that are vulnerable to climate variability. Although there exist certain concerns regarding the disparity in water resources accessibility between upstream and downstream regions, the implementation of such a system might be a viable strategy for enhancing irrigation in the area, hence matching with the goals of adaptation. Over the past few decades, there has been a notable allocation of substantial financial resources towards the building of small-scale reservoirs in Burkina Faso and Ghana (Glazebrook, 2011). Burkina Faso has a significant concentration of reservoirs, boasting a total of 1,050 reservoirs of small and medium-scale proportions. This characteristic places Burkina Faso among the regions with the most dense reservoir distribution, as highlighted by Leemhuis et al (2009). In the northern region of Ghana, a considerable quantity of small reservoirs and dugouts may be found, totaling around 950 (Namara et al., 2010).
[bookmark: _Toc164683008]2.7.5 Water harvesting and use 
Enhancing water harvesting and retention techniques, such as the implementation of pools, dams, pits, retaining ridges, and similar strategies, alongside the adoption of efficient water-use practises like advanced irrigation systems, play a crucial role in augmenting agricultural productivity and addressing the growing unpredictability of precipitation patterns. In emerging nations, irrigation techniques are currently employed on around 20% of agricultural area. However, it is worth noting that it generates yields that are 130 percent bigger compared to systems reliant on rainfall. The expansion of effective management technologies and practises, especially those relevant to smallholders, is of utmost importance (FAO, 2010). 
In the Yatenga region, agricultural practitioners have successfully rehabilitated deteriorated agricultural fields by the use of a technique including the establishment of planting pits, commonly referred to as "za". The enhancement and increased efficiency of this traditional farming strategy may be achieved by augmenting the depth and diameter of the pits, along with the incorporation of organic materials. According to the Food and Agriculture Organisation (FAO, 2010), the Za is capable of enhancing the concentration of nutrients and water, hence facilitating improved penetration and retention. The use of this conventional method has resulted in a notable augmentation in agricultural output in previously unfruitful areas, hence improving the overall productivity and efficiency of farmers.
[bookmark: _Toc164683009]2.7.6 Change in cropping pattern and calendar of planting
The yield of crops is adversely affected by climate change due to alterations in precipitation patterns over extended periods, leading to modifications in planting schedules and operational calendars (Akinnagbe and Irohibe, 2014). In order to mitigate the potential dangers associated with rainfall unpredictability and drought, a common practise among Tanzanian farmers is the use of staggered planting. This method involves the cultivation of crops on unprepared soil prior to the onset of rainfall, sometimes referred to as dry land planting. Certain agricultural practitioners engage in the practise of sowing crops immediately following precipitation events, while others opt to delay planting for a few days. The deliberate intention behind these actions was to mitigate risk by maximising the utilisation of rainfall through the cultivation of crops in arid lands (Akinnagbe and Irohibe, 2014).
[bookmark: _Toc164683010]2.7.7 Access to seasonal weather and climate information
Seasonal climate predictions and long-term weather forecasts are considered to be a significant instrument for enhancing the capabilities of climate risk management, especially in rainfed agriculture and in times of strong El Nino or la Nina events that typically align with abnormally wet or dry years (Roncoli et al., 2008). The current provision of seasonal predictions in Africa has been mostly unsuccessful, resulting in their limited realisation of their full potential. According to Roncoli et al. (2008), there is insufficient input and coordination from end users in the forecast-development process. Additionally, end users possess little understanding of, or confidence in, the predictions, resulting in their failure to take action based on the provided information. 
Mali is often acknowledged as a notable country in West Africa due to its adept utilisation of seasonal climate information in the agricultural sector. As an illustration, the Mali Meteorological Service has implemented a longstanding initiative wherein they provide rain gauges to farmers. This enables them to incorporate on-site rainfall measurements alongside weather advisories from the meteorological services. Consequently, farmers are able to make informed choices regarding planting dates and crop varieties (USAID, 2014). The rain gauge data collected by farmers is then transmitted to meteorological services and a multi-agency platform, which then disseminates this information to government agricultural services agencies. Furthermore, the issue of elite appropriation of technology, which is a prevalent concern in Africa, is apparent in this particular scenario. The user groups involved in using these technologies are predominantly composed of affluent male farmers who own significant income and assets. Consequently, women farmers are mainly marginalised and excluded from these groups, primarily due to the absence of specialised guidance and support pertaining to the specific crops cultivated by women. 
At the time of compilation, there was a lack of current evaluations pertaining to the Ghana Meteorological Service. Nevertheless, an innovative approach in the northern region of Ghana seems to be making progress in the use of climate data. The Climate Change Adaptation and Food Security (CCAFS) and ESOKO programme disseminates weather predictions to mobile devices in several local languages, accompanied by guidelines regarding optimal timing for field preparation, planting, and harvesting activities. Farmers have the option to utilise a short code, namely 1900, to access information. The ESOKO contact centre is capable of providing responses in local languages, while maintaining minimal call prices. ESOKO provides farmers with SMS notifications containing meteorological predictions and other climate-related data, alongside updates on commodity pricing and guidance on seed procurement. Farmers are permitted to submit agricultural-related data to ESOKO as well. According to the findings from focus group conversations conducted with farmers in northern Ghana, it has become increasingly prevalent for farmers to inquire about the latest updates from ESOKO.
[bookmark: _Toc164683011]2.8 Farming System and Livelihoods Diversification 
The implementation of diversified farming systems and livelihoods serves as a risk management strategy with significant implications for climate change adaptation. Communities in Burkina Faso are undergoing a process of diversification, moving away from their heavy dependence on agricultural and animal production, which is very susceptible to climatic variations (Nielsen and Reenberg, 2010). However, it remains uncertain to what extent this diversification is motivated by climate-related factors as opposed to other socio-ecological and economic considerations. The recent agricultural intensification and diversification initiatives in Burkina Faso seem to be primarily motivated by the need to address land scarcity and capitalise on emerging market prospects, rather than being primarily influenced by climate-related risks. 
In the context of northern Ghana, the expansion of urban markets is the primary factor contributing to the shift towards irrigated vegetable production, trade, and alternative sources of income, as opposed to being driven by climatic risks (Nielsen and Reenberg, 2010). According to the study conducted by Assan et al. (2009). The charcoal business plays a crucial role in providing livelihood diversification in northern Ghana, while it is accompanied by notable environmental disadvantages (Assan et al., 2009).
[bookmark: _Toc164683012]2.8.1 Afforestation and agroforestry
The act of transferring young trees for the purposes of forestry, land reclamation, or landscaping is sometimes referred to as tree planting. There are distinctions between the practise of arboriculture, which involves the transplanting of bigger trees, and the alternative method of dispersing tree seeds, which is often slower, less reliable, and more cost-effective (Akinnagbe and Irohibe, 2014). Afforestation is the act of strategically planting young trees in areas where the forest has undergone harvesting or has suffered from detrimental effects such as fire, disease, or insect infestation. Rural farmers in several African nations have been engaging in the practise of tree planting as a means to adapt to the impacts of climate variability and change. Agroforestry is a land-use planning approach that aims to achieve a harmonious integration of food crop agriculture with forest conservation (Akinnagbe and Irohibe, 2014). 
According to Akinnagbe and Irohibe (2014), agroforestry techniques have the capacity to adapt to anticipated arid conditions and rising population density. Additionally, these techniques contribute to an augmentation of organic matter within the soil, thereby enhancing agricultural productivity and alleviating strain on forest resources.
[bookmark: _Toc164683013]2.8.2 Improved irrigation efficiency 
The accessibility of potable water in regions susceptible to drought is crucial for effectively adapting to climatic unpredictability and change. Due to the high cost of water associated with irrigation practises in dry regions, enhancing irrigation efficiency will emerge as a crucial strategy for adaptation in the event that water availability becomes constrained. It is anticipated that climate change will lead to a decrease in the availability of fresh water, both on the surface and in groundwater sources. Additionally, climate change is expected to result in reduced soil moisture levels during the dry season. Concurrently, the demand for water in crop cultivation is projected to increase due to elevated evapo-transpiration rates resulting from climate change, as well as the ongoing implementation of high-yielding crop varieties and intensive agricultural practices. 
As the temperature rises, farmers tend to increase the frequency of irrigation. The implementation of irrigation has emerged as a viable adaptation option in response to the effects of global warming. Moreover, it has been shown that in instances of heightened precipitation, farmers prefer to reduce the frequency of irrigation and rely more on natural rainfall as a water source (Akinnagbe and Irohibe, 2014).
[bookmark: _Toc164683014]2.9 Theoretical Framework
(DFIDs) Livelihood Approach
The DFID Livelihood Approach, developed by the Department for International Development (DFID), is a highly prevalent paradigm utilised in the field of livelihoods. Carney et al. (1999) propose that the DFID approach and framework provide a conceptual understanding of how individuals navigate a vulnerability context influenced by various factors, including natural shocks, seasonal constraints, economic shocks, and long-term trends. This framework emphasises the utilisation of five types of livelihood assets or capital (natural, social, physical, human, and financial) in different combinations, which are influenced by the vulnerability context, institutional factors, and processes. Furthermore, the framework highlights the importance of employing these assets to develop diverse livelihood strategies aimed at achieving desired outcomes.
The use of the DFID framework in livelihood analysis is facilitated by its foundation in certain core principles (DFID, 1999). One of the key principles of this philosophy is its focus on individuals, since it promotes a people-centered approach:
(i) It is imperative that development policy and practise be grounded on a comprehensive comprehension of the impoverished population and their methods for sustaining their livelihoods and 
(ii) It is crucial that individuals from low-income backgrounds actively participate in the identification of development goals and possess the ability to exert influence on the institutions and processes that have a direct bearing on their livelihoods.
Furthermore, this method is characterised by its holistic nature, since it promotes the examination of several sectors and acknowledges the involvement of diverse players and influences. Additionally, it recognises the existence of multiple livelihood strategies and outcomes. Moreover, this phenomenon has a dynamic characteristic, as it endeavours to comprehend temporal fluctuations and the intricate interplay among many elements, while also acknowledging the interconnectedness between micro and macro levels. The study starts by focusing on strengths rather than requirements and shortcomings, as stated by DFID (1999). The concept illustrates stakeholders as functioning inside a Context of Vulnerability, wherein they possess access to specific Assets, in its most basic manifestation. The meaning and value of these entities are derived from the dominant social, institutional, and organisational context in which they exist (Transforming Structures and Processes). The aforementioned situation significantly shapes the available Livelihood Strategies individuals might pursue in order to achieve their self-determined desirable Livelihood Outcomes. Put simply, the framework offers a comprehensive list of significant matters and outlines how they are interconnected. It particularly emphasises fundamental influences and processes, as well as their many relationships in relation to livelihoods. The subsequent subsections introduce, clarify, and elucidate the fundamental concepts within the DFID Livelihood Framework.
[bookmark: _Toc164683265]Figure 1: Adapted DFID Livelihood Framework
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Source: DFID (2000)
[bookmark: _Toc164683015]2.10 Conceptual framework
This section focuses on an interactive compilation of signs, ideas, and key components of climate change that contribute to vulnerability and its associated effects. In this study the conceptual framework is presented in Figure 2; which illustrates the concept of climate change, including its stressors and trends, its impact on the livelihood of rural people, and the coping mechanisms implemented by these people. 
Climate change related stress
Local and institutional coping mechanisms
Vulnerability of rural farmers
Trends of climate change
Non-climate change 
Climate change


[bookmark: _Toc164683266]Figure 2: Conceptual frame of the study
Source: An adopted conceptual framework from Morton (2007) cited in Owusu, Baffour and Obour (2015).

The conceptual framework that was adopted from Morten (2007) cited in Owusu, Baffour and Obour (2015) distinguishes the stressors, trends, vulnerability of the rural people, and the local coping mechanisms that are put in place to manage the stressors. The framework also highlights the prevalence of diseases affecting the people, which are non-stressors.
 The susceptibility of agricultural lands to climate change may be determined by considering sensitivity, adaptation capacity, and exposure as key factors. Various indicators can be utilised to assess these factors and identify the level of vulnerability.  
Exposure may be defined as the extent of climatic stress experienced by a certain unit of analysis, and it can be measured by examining the long-term alterations in climate variability, encompassing the frequency and amplitude of occurrences (IPCC, 2001). The focal point of investigation in this study is the farmland, from which exposure was ascertained. The susceptibility of the farms to floods was assessed.    
Sensitivity refers to the extent to which a system is susceptible to being influenced by climatic stimuli, as indicated by Smith et al. (2001). According to Brooks (2003), adaptive capacity refers to the inherent capability of a system to effectively modify its attributes and behaviours in order to mitigate potential future harm, exploit advantageous circumstances, and manage the repercussions of unexpected disturbances or pressures. 
The process of vulnerability assessment involves the identification, quantification, and prioritisation of vulnerabilities inside a given system. Vulnerability assessments are conducted on many systems, such as information technology systems, energy supply systems, water supply systems, transportation systems, and communication systems. 
Vulnerability variable evaluations are utilised to evaluate the susceptibility of particular variables of interest to specific categories of stressors. Vulnerability refers to the alterations that have taken place or are anticipated to take place in certain factors, such as income, or stresses. The technique described in this study has the capability to evaluate correlations among many stressors across a broad spectrum. By selecting certain stressors that are representative of a particular location, valuable insights may be gained regarding its susceptibility to vulnerability (Luers et al., 2003).   
The concept of vulnerability may be traced back to its roots in the realms of natural hazards and food security concerns (Cutter, 1996). Vulnerability is defined as the capacity to predict, withstands, manage, and react to threats, as stated by Wisner et al. (2004). Developing nations are widely acknowledged to have a heightened sensitivity to the adverse effects of climate change. This vulnerability stems from a combination of social, economic, and environmental factors that exacerbate their exposure to such impacts and hinder their ability to effectively manage and adapt to climate-related risks. It is important for developing nations to comprehend the many perils posed by climate change on agricultural practises, and then devise strategic strategies aimed at mitigating these dangers, followed by prompt implementation (Leary and Kulkarni, 2007). The factors that contribute to susceptibility do not function alone, but rather interact in intricate ways (Boko et al., 2007).  
Climate change and unpredictability will have a significant influence on many climate-sensitive resources, including local water supplies, agricultural land, and natural resources such as fuel-wood and wild herbs. Additionally, climate-sensitive activities such as arable farming and cattle husbandry will also be noticeably affected. The aforementioned consequences have the potential to diminish the accessibility of indigenous natural resources, hence restricting the choices available to rural families who rely on these resources for sustenance or economic exchange (Boko et al., 2007).  
The impact of climate change on the land resources of farmers has intensified their vulnerability and susceptibility to climatic dangers. The degradation of agricultural land and subsequent decline in crop productivity can be attributed to the detrimental effects of increased frequencies and intensities of climate risk. The concept of vulnerability as provided by the Intergovernmental Panel on Climate Change (IPCC) incorporates the integrated vulnerability assessment technique for evaluating the vulnerability of farmers in relation to agricultural land (IPCC, 2007).
The term "land" encompasses cultivated land (Ellis, 2000), as well as soil fertility and topographic characteristics that might impact individuals' capacity to create livelihoods and adapt to climate change (Maddison, 2006). Vulnerability is manifested through several factors, including the size of farms, the geographical location of farmland, the kind of crops cultivated, and alterations in climatic circumstances, such as unanticipated floods, rising temperatures, diminishing rainfall, and heightened occurrence of extreme weather phenomena. According to Ellis (2000), regions that experience unanticipated flooding, rising temperatures, less rainfall, and more frequent occurrences of extreme weather events will be recognised as locations that are highly vulnerable to the impacts of climate change.
The concept of climate change.
[bookmark: _Toc164683016]2.11 Empirical studies on Climate Adaptation and Agricultural Productivity 
The impact of climate change on agricultural output is well recognised in scholarly literature. The phenomenon of climate change leads to a decline in agricultural productivity, affecting both crop and livestock outputs. This has significant implications for the economic and physical well-being of farmers, particularly those who are more susceptible to its adverse impacts. 
In a research conducted by Al-hassan (2012), the focus was on examining the technical efficiency of smallholder rice farmers in Ghana. The analysis took into account various farming methods and gender dynamics. The study's results indicated that around 75% of the variation in output could be attributed to differences in production among the farmers. Based on the findings of the study, it can be concluded that loan availability, family size, and non-farm employment are the primary determinants affecting levels of technological efficiency. This implies that the technical inefficiency of farmers may be mitigated by the provision of financial resources and alternative employment opportunities outside of farming.
Vijayasarathy and Ashok (2015) performed a research in India that examined the effects of climate adaptation approaches in agriculture on production efficiency in the presence of technology options. The study's results indicated that many factors, including education, gender, family size, farm size, extension contact, rainfall, and temperature, exerted an impact on the adoption of climate-resilient technology. Additionally, it was asserted that farmers who embraced technological advancements had enhanced levels of technical efficiency. According to the findings of Vijayasarathy and Ashok (2015), the utilisation of technology might potentially enable smallholder farmers to sustain their farming practises with little susceptibility to the impacts of climate change. 
In their study on the technical efficiency of rice production in Uganda, Akongo et al. (2016) found that factors such as displacements, non-farm income, experience, and the adoption of improved seed types (specifically NERICA) contribute to the reduction of inefficiency among rice farmers in the region. 
In their study, Roco et al. (2017) employed a stochastic production frontier methodology to investigate the impact of climate change adaptation strategies on agricultural output in the central region of Chile. The researchers' empirical findings demonstrated a significant positive correlation between agricultural output and the use of adaptive strategies. The researchers made a significant finding that the utilisation of irrigation as a flexible capability had the most pronounced effect on production. Ultimately, the authors underscored the need of applying adaptation techniques as a mechanism for augmenting agricultural productivity in light of the prevailing climate change conditions. 
Battese and Coelli (1992) conducted an investigation on the technical efficiency of farmers within the context of Frontier production functions. A panel dataset was collected, consisting of data from 38 paddy rice farmers in India, spanning a period of four to 10 years. The predicted technical efficiency of farmers, which was anticipated to remain constant through time, exhibited a range of 0.549 to 0.862 during the period of 1975-1976 and a range of 0.839 to 0.957 during the period of 1984-1985. This finding indicates that there was a general trend of increasing technological efficiencies among farmers over the specified time period. 
Yiadom-Boakye (2013) conducted a study on the relationship between gender, resource utilisation, and technical efficiency among rice farmers in the Ashanti Region of Ghana. The findings of this research indicated that some factors, such as access to financing, prior expertise in rice production, and the choice of seed type, had a significant role in mitigating inefficiency levels. The data indicates that male rice farmers exhibited higher levels of production efficiency compared to their female counterparts. Specifically, the average output efficiency for males was 24%, whilst females had an average output efficiency of 16.5%. The level of technical efficiency observed in the region under study was also found to be poor. 
The study undertaken by Onumah et al. (2010) focused on investigating the many factors that impose constraints on the technical efficiency of fish farmers in Ghana. A cross-sectional research was conducted on a sample of 150 farmers, whereby it was shown that the elasticity of mean output for all inputs exhibited positive values. Additionally, the average technical efficiency was found to be 84%. The findings of the technical inefficiency model indicate that there is a positive relationship between age and experience, and the inefficiencies seen among fish farmers. Conversely, factors such as gender, pond type, employment, land ownership, and access to extension services are associated with a reduction in farmers' inefficiencies. 
In their study on the adaptation ability of farmers to climate change and its impact on rice production in Northern Ghana, Mabe et al. (2012) found that farmers who made adjustments in response to climatic change were able to harvest a greater quantity of bags compared to those who did not. The researchers' findings indicate that the farmers' adaptive ability was favourably influenced and affected by variables such as labour employed, fertiliser applied, and acreage. The researchers reached the conclusion that, on average, rice growers within the study region exhibited a modest level of responsiveness to climate change.
[bookmark: _Toc164683017]2.12 Chapter Summary
Climate change is a significant global phenomenon affecting weather patterns and livelihoods. The liteature is reviewed on human actions and environmental factors, affecting how and where people live, what crops they can grow, sources of water for home, and economic activities. 
The literature furher looked at impacts of climate change on Ghana’s agriculture; its impacts on crops, livestock production and the rural livelihood. 
Previous writing on farmers’ adaptation to the change was to look at amidst the changes in cropping pattern and calendar of planting, soil and nutrient management. The literature reviewed outlines how the increase in temperature varies across agro-ecological zones in Ghana, with the northern inlands and coastal regions being warmer. It further outlines  how rainfall distribution in Ghana have altered over time, with a 10% increase and a 15% decline seasonally in the country. The literature projected the annual rainfall to decrease between 9-27% by the year 2100, but the Sudan savannah agro-ecological zone is predicted to experience the greatest decrease in rainfall of 170.0mm by that year. The Department for International Development’s (DFIDs) Livelihood Approach was adapted as the theoretical framework. The Empirical studies on Climate Adaptation and Agricultural Productivity concluded that, on average, rice producers in the research area were responding to climate change moderately.









[bookmark: _Toc164683018]                                               CHAPTER THREE
[bookmark: _Toc164683019]STUDY AREA AND METHODOLOGY
[bookmark: _Toc164683020]3.1 Introduction
This chapter presents the various research tools and techniques that will be used in the collection and analysis of data from the Jirapa Municipality. Among other issues, the chapter explains the type of research, sources of data, the study population, and sampling of respondents. The chapter begins with a description of the study area.
[bookmark: _Toc164683021]3.2 Profile of Jirapa Municipality 
[bookmark: _Toc164683022]3.2.1 Location and size
Jirapa Municipality is located in Upper West Region of Ghana.  It covers a total land area of 1,667.6 sq. km. The Municipality is bounded to the north by the Lambussie District, to the south by the Nadowli Kaleo District and Daffiama-Bussie-Issa District, to the west by Lawra Municipality and Burkina Faso and the East by the Sissala West District. It lies between latitude 10.25 and 11.00 north and longitude 20.25 and 20.40 west. The location of the Municipality promotes international trade between it and neighboring Burkina Faso. The area map of Jirapa Municipality is in figure 2


[image: ]   
[bookmark: _Toc164683267]Figure 3: Map of Jirapa Municipality 
Source: Ghana Statistical Service, 2010 


[bookmark: _Toc164683023]3.2.2 Topography and drainage
The topography of the Municipality is predominantly characterised by low-lying and flat terrain, with an average elevation of around 300 metres above sea level. There exist a limited number of plateau surfaces that span a range of 1,000 to 1,150 feet. These entities are located in the Yagha and Jirapa regions. The drainage system of the Municipality is limited, as it lacks significant rivers except from occasional tributaries that flow into the Black Volta River. The aforementioned locations include Kaabaa in the vicinity of Ullo, Bakpong in close proximity to Baazu, Dazugri situated in Jirapa, and Telenbe located at Tizza. During the extended period of aridity, the tributaries within the area undergo desiccation, resulting in the absence of surface water reservoirs for both household and agricultural utilisation. The basins of these streams exhibit favourable conditions for the establishment of small-scale irrigation dams and dugouts, facilitating activities such as dry season gardening, fishing, and animal watering, particularly for cattle. Nevertheless, the Municipality contains many small-scale dams and dug-outs dispersed over its territory. Konzokala, Tizza, Jirapa, and Ullo are among the locations where these reservoirs and excavated water storage structures are situated.
[bookmark: _Toc164683024]3.2.3 Geology and soils 
The predominant soil composition within the Municipality consists of sandy loam, with the presence of compacted iron pans beneath the surface. However, it should be noted that there exist limited areas of alluvial soils in the form of narrow strips in the dry valleys of the many tributaries of the Black Volta River, which exhibit favourable conditions for the cultivation of rice. It is crucial to note that sandy loam soil exhibits susceptibility to significant sheet and gully erosion resulting from surface run-off, particularly during the height of the rainy season. The extensive erosion has a negative impact on both soil fertility and the accumulation of sediment in the limited number of dams within the area. Any such instance may be observed at the Bulkpong dam located in Jirapa (Jirapa DMTDP, 2010). 
In general, the sandy loamy soil exhibits high fertility, hence facilitating extensive production of groundnuts. The regions of Somboro, Tuggo, Han, and Mwankuri include extensive expanses of fertile soil that have the potential to sustain substantial agricultural operations. Additionally, the region is characterised by the presence of several gravel mines that are strategically located for the purpose of road development. The Yahga and Jirapa regions are characterised by the presence of substantial Birrimian formation and granite rocks, which serve as significant reservoirs of groundwater. This groundwater plays a crucial role as the primary water supply for the construction of boreholes and hand-dug wells. According to a geological assessment conducted by a mining firm in 1998, it was determined that the rocks under investigation include gold reserves. Azumah Resources Ltd, an Australian mining firm, is now engaged in exploratory activities with the objective of establishing a mining operation in the region of Yagha.
[bookmark: _Toc164683025]3.2.4 Vegetation and climate
The Municipality is situated within a tropical continental climate zone, characterised by an average annual temperature range of 28° C to 31° C. This climatic condition presents favourable conditions for the exploration and use of solar energy resources. The district has a solitary wet season from April/May to October, which is caused by the presence of moist monsoon winds. This rainy season is characterised by an annual precipitation range of 1,000-1,100mm and a humidity level that varies between 70-90 percent. However, during the dry season, the humidity drops significantly to 20 percent. The irregularity of rainfall patterns over the season is a challenge in predicting agricultural outcomes for a given year. Extended periods of drought frequently interrupt the rainy season, resulting in either partial or complete crop failures. 
The period spanning from October to March is characterised by minimal precipitation, resulting in a prolonged dry season. This arid climate is exacerbated by the presence of tropical continental air masses originating from the northeast, namely the Sahara region. These air masses, known as Harmattan, are characterised by their chilly, dry, and dusty nature. 
The adverse climatic conditions prevalent in the region primarily support rain-fed agriculture, which has been identified as the key factor contributing to the current issue of food insecurity faced by farmers. The prevailing climatic conditions necessitate the implementation of dam and dugout building projects to facilitate irrigated agriculture, hence mitigating the phenomenon of young migration towards the southern regions of the nation in pursuit of work opportunities. 
The predominant vegetation within the Municipality consists of Guinea Savannah forest, characterised by a sparse undergrowth and the presence of scattered medium-sized trees. The prominent arboreal species that possess economic significance are shea, dawadawa, kapok, baobab, and neem. The aforementioned trees serve as a significant revenue stream for homes, with women playing crucial roles in meeting household requirements. Moreover, these economic trees present an opportunity for the development of processing enterprises, hence enhancing job prospects for the population. Various anthropogenic activities, including the deliberate ignition of vegetation, the extraction of trees for fuel and charcoal production, unsustainable agricultural methods, and extensive sand and gravel mining, significantly contribute to the degradation of natural vegetation and therefore, the ecosystem. 
The Municipality does not own any significant forest reserves, with the exception of a few scattered enclaves located at Somboro, Tuolong, and Yagbetuolong along the Black Volta River, which remain underdeveloped. The aforementioned tickets offer a safeguarding mechanism for streams in the specified areas.
[bookmark: _Toc164683026]3.2.5 Population

Based on the findings of the 2021 Population and Housing Census, it has been determined that the Municipality encompasses a comprehensive populace of 88,402 individuals. According to the internationally recognised criteria for defining an urban settlement, as outlined in the 2010 Population and Housing Census, an urban community is defined as a community with a population of 5,000 or more. Based on this criterion, it can be concluded that none of the villages within the Jirapa Municipality have achieved an urban status.  According to the Ghana Statistical Service (GSS, 2021), the total population of the area is at 88,402, accounting for 12.6 percent of the overall population. The male population accounts for 47.0 percent, while the female population for 53.0 percent. Approximately 85.6 percent of the populace resides in rural areas. The district has a sex ratio of 88.9. The demographic composition of the district has a significant proportion of young individuals (under 15 years), accounting for 42.8% of the total population. This distribution is visually represented by a population pyramid with a wide base. Conversely, the number of old individuals aged 60 years and above is very modest, comprising just 9.3% of the population. The overall age dependence ratio for the Municipality is 99.0. Notably, the dependency ratio in the rural localities is greater, measuring at 105.8, compared to the dependency ratio in the urban regions.
The sex ratio, a metric that quantifies the proportion of men per 100 females in a given population, is reported to be 87.6 for the Municipality according to the Ghana Statistical Service (GSS, 2021). This observation suggests that the overall population exhibits a greater proportion of females in comparison to men. Nevertheless, there is variation observed across different age groups. The age group with the greatest sex ratio is shown to be 10-14 years.  Additional age cohorts with sex ratios over 100 include the 0-4, 10-14, 15-19, and 20-24 year groups. The demographic composition of the population, specifically in terms of age and gender, has significant consequences for several aspects of socio-economic and demographic development, as well as labour force dynamics and gender-related activities within the Municipality.
[bookmark: _Toc164683027]3.2.6 Ethnicity

The Municipality is home to two prominent ethnic groups, namely the Dagaaba and the Sissala. The Dagaaba form the majority, accounting for around 98% of the total population. On the other hand, the Sissala make up a smaller proportion, constituting around 1% of the population. The Sissala community is mostly concentrated in the eastern region of the Municipality. The remaining population is comprised of tribes originating from the northern and southern regions, collectively accounting for a mere 1% of the overall populace.


[bookmark: _Toc164683028]3.2.7 Religion

The municipality consists of three significant religious groupings, namely Christianity, Islam, and Traditional Religion, with respective proportions of 80%, 10%, and 10%. The Municipality exhibits a significant degree of religious tolerance and peaceful cohabitation among its residents. The population's homogeneity in terms of ethnicity and religion presents notable prospects for the dissemination of information, education, and mobilisation of local resources to facilitate development.
[bookmark: _Toc164683029]3.2.8 Land tenure

The problem of land tenure has been acknowledged as a substantial barrier to agricultural output in Ghana. The significance of this phenomenon lies in its potential to affect agricultural practises on a big scale. The municipality's land acquisition plans mostly consist of freehold and leasehold arrangements. The incidence of farmers working within this specific ownership type is quite restricted. The average farm size for individual farmers is notably lower, often ranging from 2 to 3 acres, which stands in stark contrast to the national average of 10 to 15 acres per farmer. The local economy of the municipality is typified by the adverse effects of limited farm sizes on agricultural productivity, food security, and therefore, income generation.
[bookmark: _Toc164683030]3.3 Methodology
[bookmark: _Toc164683031]3.3.1 Research design

The concept of research design serves as a structural framework for the execution of research endeavours. According to Malhotra (2007), it delineates comprehensive methodologies for acquiring the necessary information to address a research inquiry. According to Saunders et al. (2007), research design refers to the overarching framework that outlines the approach for addressing research issues. This research endeavour is characterised by its empirical nature, employing a case study methodology to examine the effects of climate change on agricultural practises in the rural setting of Jirapa Municipality. It is a case study because it has a general principle of action that provides a unique real situation of concern presented in abstract principles with boundaries around it. The study looked at climate change, its impacts, trends, and coping mechanisms in a specific location, that is Jirapa municipality. This indicates that the study reports a complex unfolding interaction of events of which the researcher is part of the case to describe the events with their respective analysis.
The primary objective of this approach is to offer analysis that sheds light on the theoretical concerns under inquiry, by considering the context and processes surrounding the phenomenon. It is important to acknowledge that case studies play a crucial role in generating hypotheses and constructing theories. This case study was conducted with deliberate intent to incorporate the necessary components of a case study, as outlined by Yin (2003):
i. The study's questions;
ii. Its units of analysis; and
iii. The logic linking of the data to the propositions.
In order to accomplish the aims and objectives of the research, a range of data gathering methods and analyses were utilised across several settings. Yin (2003) posits that case studies can draw upon six distinct kinds of evidence, including documents, archival records, interviews, direct observation, participant-observation, and physical artefacts. In a concise manner, it may be said that the distinctive advantage of a case study is in its capacity to encompass a comprehensive range of evidence, including papers, artefacts, interviews, and observations (Yin, 2003).  
[bookmark: _Toc164683032]3.3.2 Research approach

Research approaches exhibit variability in terms of their associated advantages and disadvantages. According to Tuli (2010), social science academics have expressed the view that the selection of research technique is contingent upon the characteristics of reality and knowledge. The research design employed in this study was a mixed methods approach, incorporating both qualitative and quantitative methodologies. Mixed methods research refers to a research technique or methodology that centres on investigating research topics that need comprehensive comprehension of real-life contexts.
The primary objective of mixed methods research, which involves the integration of qualitative and quantitative research elements, is to enhance and fortify the findings of a study, thereby making a valuable contribution to the existing body of published literature. The use of mixed techniques is seen essential in research endeavours as it aids in addressing the research inquiries at hand (Onwuegbuzie and Johnson 2006; Johnson and Christensen 2017). Quantitative research entails the production of numerical data or information that can be quantified. On the contrary, qualitative research produces data that is not in numerical form. Quantitative research only focuses on the collection and analysis of data that can be objectively measured. Qualitative research primarily emphasises the collection of verbal data as opposed to quantitative measurements. The collected data is subsequently examined using an interpretive approach, which may involve subjective, impressionistic, or diagnostic analysis (Tuli, 2010).
The major objective of qualitative research is to offer a comprehensive and intricate depiction of the study subject. Typically, it has a more inquisitive character. In contrast, quantitative research places greater emphasis on the quantification and categorization of variables, as well as the development of statistical models and figures to elucidate observable phenomena (Tuli, 2010).  In this study, a research design incorporating both quantitative and qualitative data was employed, following an explanatory sequential mixed method strategy. The utilisation of both techniques serves to mitigate any limitations that may arise from relying just on one method (Dawson, 2007). Both strategies are utilised due to the necessity of employing quantitative analytic techniques for certain aims. While qualitative data examines traits and expressions, quantitative data will concentrate on factors gathered from a questionnaire (Horn, 2009).
[bookmark: _Toc164683033]3.3.3 Sources of data

Resolution of the research problems may be achieved by gathering data, which can be categorised as either primary or secondary data (Osuola, 1982). The analysis of the research can be approached from both quantitative and qualitative perspectives, depending on the research philosophy and the intended outcome and aim of the study (Osuola, 1982). Primary data allows researchers to get new and previously unused information through the administration of questionnaires and interview schedules. In contrast, secondary data refers to material that has been recorded and preserved, in both digital and physical formats, for the sake of academic and administrative use (Dale et al., 1988). Saunders et al. (2012) categorises secondary data into three distinct groups, namely documentary data, survey-based data, and data derived from numerous sources. 
The present study utilised a combination of primary and secondary data sources to conduct analysis and derive results. The main data collection method employed in this study was the distribution of a Likert scale questionnaire to families residing in the Jirapa Municipality. The purpose of this questionnaire was to evaluate the effects of climate change on the agricultural livelihoods of rural communities. The interview guide was utilised to collect primary data from the selected homes throughout the qualitative phase of the study. The guide was designed in accordance with the study's objectives, hypothesis, and research questions.
[bookmark: _Toc164683034]3.3.4 Target population

Opoku-Amankwa (2009) defines a population as the complete collection of elements from which samples can be selected for the purpose of conducting a research. The investigation examined houses inside the Jirapa Municipality. The target population for this study will consist of households engaged in direct rural agricultural operations. Therefore, the study's focal group comprises rural farmers inside the Jirapa Municipality.
[bookmark: _Toc164683035]3.3.5 Sampling
[bookmark: _Toc164683036]3.3.5.1 Sample size determination
The sample size was calculated using Yamane’s (1967) formula. The sample size would therefore, be calculated from the expression     , where n = required sample size, N= the number of farmers involved (480), e= margin of error at 5% (standard value of 0.05).
Sample size: N = 480
 
[bookmark: _Toc164683037]3.3.5.2 Sampling techniques

Sampling is an essential element of any research endeavour and encompasses several factors that must be taken into account. The primary objective of the majority of inquiries is to get data pertaining to a certain demographic. A census or sampling of the population is conducted in order to facilitate analysis. The study included several sample strategies, including cluster sampling, stratified sampling, purposive sampling, and convenience sampling.
(a) Cluster sampling
Cluster sampling was employed in the selection of communities for the study because the area is one of the biggest districts in the upper west region. This method considered the populations in their various groupings in the Municipality. Cluster sampling was used to ensure an even representation of respondents across the Municipality. The zones selected for the study are presented in Table 2
[bookmark: _Toc164683204]Table 2: Shows the Zones Selected for the Study
	ZONES
	SELECTED AREAS
	TOTAL

	Jirapa
	Jirapa, Konzokalaa, Baazu, Siiri, Gbari, Kuncheni
	6

	Duori 	
	Douri, Tugo, Yagga, Gbetuori, Orfani, Wuuling
	6

	Heng
	Heng, Nandowaala, Sabuli, Kogri, Deryiri, Ullo
	7

	Tizza
	Tizza, Sigri, Mwofo, Jefir
	4

	Total
	
	23


Source: Field Survey (July, 2022) 

(b) Stratified sampling
 The target population in the selected clusters was further stratified into crop farmers, livestock farmers and fishermen.  The stratum of the areas according to the agricultural activities are presented in Table 3.
[bookmark: _Toc164683205]Table 3: Stratification of selected areas of the study
	No 
	Crops farmers
	Livestock farmers
	Fishermen

	1
	Jirapa
	Gbari
	Konzokalaa

	2
	Douri
	Gbetouri
	Orifani

	3
	Nindorwaala
	Sabuli
	Deryiri

	4
	Sigri
	Tizza
	Jefiri

	5
	Baazu
	Kuncheni
	Yagga

	6
	Siiri
	Heng
	Kogri

	7
	Ullo
	
	

	8
	Mwofo
	
	

	9
	Wuuling
	
	


[bookmark: _Toc81494888]


(c) Purposive sampling
The study employed purposive sampling to select specific areas within the municipality. Purposive sampling, as defined by Barbie and Mouton (2007), is a useful sampling method in exploratory research that maximises the likelihood of obtaining comprehensive qualitative data. In this study, purposive sampling was utilised to identify institutions that were likely to possess the necessary information and expertise relevant to the research topic, such as agricultural extension agents, the municipal director of agriculture, assembly men, and opinion leaders.
(d). Convenience/accidental sampling
Convenience/accidental sampling method was used in getting the respondents from the total sample size that is based on the type of farming activities undertaken by farmers within the study area.
[bookmark: _Toc164683038]3.3.6 Methods of data collection
[bookmark: _Toc164683039]3.3.6.1 Questionnaire administration
[bookmark: _Toc81494884]Questionnaires were used to collect primary data and information that required objectivity, speed, and a greater degree of control over the data collection process. A questionnaire, according to Kothari (2004), is a group of questions printed or written in a specific order on a form or set of forms that are sent to respondents who are expected to read and understand the questions and respond in the space provided in the questionnaire. It is simple for respondents to agree or disagree with each set of statements relevant to the topic; this method is commonly employed in perception research. The structured questionnaire was chosen because it will allow the researcher to get essential information on the impact of climate change on rural agricultural livelihoods by heads of households or members of the households who are critical to the study.
[bookmark: _Toc164683040]3.3.6.2 Interviews
In the qualitative paradigm, an in-depth interview guide was used, 	in response to the research topic. The researcher was able to uncover answers to the study's research issues thanks to the in-depth interviews.  The required information and expert knowledge with respect to the issue under investigation was gotten with the use of the interview guide. In order to satisfy the study's aims, the researcher will use these tools to extract key informants’ (agriculture extension officers, municipal director of agriculture, assembly men, opinion leaders, etc.) perspectives, thoughts, and feelings on the effects of climate change on livelihoods.
[bookmark: _Toc164683041]3.3.7 Data analysis

According to Sullivan (2001), the process of data analysis is often seen as both the most demanding and captivating component of research. The term "data analysis" pertains to the process of extracting significance from the obtained data inside a research investigation. Data analysis may take on several shapes. Quantitative data analysis encompasses the application of statistical techniques to gather, categorise, examine, and synthesise data in order to extract meaningful insights. As previously mentioned, the researcher engaged in field research to gather data from houses through the administration of questionnaires. Following the completion of data collecting, a process of data reduction was undertaken to systematically choose, organise, refine, concentrate, and condense the collected data in preparation for further analysis. The obtained data underwent a process of transformation to ensure its suitability for modification and analysis. The data obtained from the questionnaire underwent a process of editing to ensure that it was comprehensive, coherent, and precise. The data were subjected to analysis using Statistical Package for Social Sciences (SPSS) software and Microsoft Excel. The data analysis process involved the utilisation of frequency and descriptive tables as analytical instruments. Quantitative data was subjected to quantitative analyses in order to derive significance and elucidate its consequences. Based on the research findings, relevant conclusions and suggestions were derived. The qualitative data was subjected to theme analysis for analytical purposes.
[bookmark: _Toc164683042]3.4 Validity and Reliability
The interview guide and the questions were prove read and validated by a social studies tutor and the supervisor. The reliability of the interview and questionnaire items was done using Kuder-Richardson 21. This is because there will neither be correct or wrong response. All responses were geared towards ascertaining the impact of climate change/variability on rural agricultural livelihood.
[bookmark: _Toc164683043]3.5 Chapter Summary
The study was conducted in the Jirapa Municipality, located in Upper West Region of Ghana.  The Municipality is bounded to the north by the Lambussie District, to the south by the Nadowli/ Kaleo and Daffiama-Bussie-Issa District, to the west Lawra Municipality and Burkina Faso respectively. The Eastern part of Jirapa municipality is where the Sissala West District is located. This study was an empirical survey, which the researcher used a case study to investigate the impact of climate change on rural agricultural activities within the study area. The study used a mixed method research design; therefore, questionnaires were used to collect the quantitative data, while interviews were used for the qualitative data. The Yamane’s (1967) formula was used to determine the sample size of 218 respondents. The sampling techniques used for the study were cluster, stratified, purposive and convenience sampling. 8 respondents were interviewed and the data analysed thematically. The reliability of the questionnaire and interview items was done using Kuder-Richardson 21. 


[bookmark: _Toc164683044]CHAPTER FOUR
[bookmark: _Toc164683045]DATA ANALYSIS AND PRESENTATION
[bookmark: _Toc164683046]4.1 Introduction
The study's findings are presented in this chapter. The content of this chapter has been organized in accordance with the study's objectives.
[bookmark: _Toc164683047]4.2 Demographic and Socio-economic Characteristics of Respondents
From Table 4 it can be seen that, 24.8% of the respondents sampled from the communities were females whiles the remaining 75.2% were males. The aforementioned findings align with the data presented by the Ghana Statistical Service (GSS) regarding the distribution of male and female household heads in rural areas of the Upper West Region of Ghana. According to the GSS report, approximately 75.53% of household heads in this region are male, while approximately 24.7% are female (GSS, 2021). The findings of this study align with the results of an analytical analysis derived from the population and housing census. The report indicated that 81.6% of households in the Upper West Region were led by males, while 18.4% were headed by females. Previous research suggests that the gender of the home head may have an impact on the propensity to embrace changes. Several studies conducted in Africa have demonstrated that women face limited access to crucial resources such as land and labour, which frequently hampers their capacity to engage in labor-intensive agricultural innovations (Gbetibouo, 2009). Nevertheless, a recent investigation carried out in the Southern Africa region reveals that families led by women have a higher propensity to adopt strategies for climate change adaptation (Ruane & McDermid, 2017). The demographic characteristics of the respondents are obtainable in Table 4
[bookmark: _Toc164683206]Table 4: Demographic characteristics of respondents
	Age group
	Frequency
	Percentage

	20-25
26-35
36-45
46-55
56+
Total 
	
28
59
23
13
14
137
	
20.4
43.2
16.7
9.5
10.2
100.0

	Gender 
Male 
Female
Total 
	
103
34
137
	
75.2
24.8
100.0


	Educational qualification 
None 
Primary level
Middle/JSS
SSS/Tech/Voc
Tertiary 
Total 
	
60
35
14
8
20
137
	
43.8
25.5
10.2
5.8
14.5
100.0


	Marital status
Single 
Married
Divorced/Separated 
Widowed 
Total 
	
55
76
4
2
137
	
40.1
55.5
2.9
1.5
100.0

	Religion 
Traditional religion
Christian 
Muslim
Total 
	
10
98
29
137
	
7.3
71.5
21.2
100.0


Source: Field Survey (2022)

Table 4 presents the findings regarding the educational qualifications of the respondents. It reveals that out of the sampled participants, 60 individuals (43.7%) had not received any formal education. Additionally, 35 respondents (25.5%) had completed primary education as their highest level of educational attainment. Furthermore, 14 participants (10.2%) had achieved a middle/JSS level of education. In contrast, only 8 individuals (5.8%) had obtained SSS/Tech/Voc as their highest level of education. Lastly, 20 respondents (14.5%) had pursued tertiary education as their highest level of educational achievement. It may be inferred that a majority of the participants possess a certain degree of familiarity with the consequences of climate change and its implications for the agricultural sector. In a separate investigation, Yiadom-Boakye (2013) discovered that a significant level of awareness regarding climate change within rural communities might facilitate adaptation and induce modifications in human behaviour. These changes, in turn, can yield both advantageous and disadvantageous consequences for agricultural productivity and consumption. These efforts possess the potential to provide beneficial outcomes in terms of climate change adaptation and mitigation, as well as in minimising the adverse effects of climate change on agriculture, livelihoods, and food security. Negative repercussions can also arise when humans engage in unsustainable production and consumption practises. Furthermore, this finding aligns with the GSS study, which indicated that a mere 21% of household heads in the Upper West Region possess literacy skills.
Table 4 shows that 55 (40.1%) of the respondents were single; the majority 76 (55.5%) of the respondents sampled for the study were married whiles only 4 (2.9%) and 2 (1.5%) were windowed and divorce/separated respectively. The findings are in line with results from GSS (2021) where it was stated that over 78.8% of household heads in the Upper West Region are married. Also, the Upper West Region is characterized by high marriage rate and low divorce rate (GSS, 2021). 
Table 4 still indicates that as many as 98 (71.5%) of the respondents were Christians and 29 (21.2%) were Muslims whiles as low as 10 (7.3%) were Traditional believers. The study confirms analytic report out of the population and housing census, which reported a 70% Christians and 25% and 5% Muslims and Traditionalist headed household households in the Upper West Region respectively. 
Household Size
The average household size within the study communities is 6. The data on household size is presented in figure 4

[bookmark: _Toc134466687][bookmark: _Toc164683268]Figure 4: Household size of respondent
Source: Field Survey (2022)

Figure 4 indicates that 32.1% of household size was less than 5 and 53.3% of household size was between 5-10 people whiles 14.60% of household size was 11 people and above. The aforementioned figure surpasses the mean home size in Ghana, which typically consists of four individuals, and also exceeds the mean household size in the Upper West Region, estimated at 6.5 people (Schnitzer et al., 2014).
Sources of Livelihood
The data on the sources of livelihood of the respondents in the communities are presented in Table 5.
[bookmark: _Toc164683207]Table 5: Main Source of Livelihood
	Source of livelihood
	Frequency
	Percent

	
	Farming
	134
	97.8

	
	Public Servant
	2
	1.5

	
	Trading
	1
	.7

	
	Total
	137
	100.0


Source: Field Survey (2022).

From Table 5 as many as 139 (97.8%) of household heads sampled for the study were farmers, 2 (1.5%) were public servants and as low as 1 (0.7%) was a trader. Majority of the respondents being farmers could be due to the fact that the target population depends largely on agricultural activities for their livelihood. In a similar survey by Akongo et al. (2016) the main source of livelihood for the rural people in Upper West Region is farming. The results are also consistent with MOFA (2011), where it was stated that, majority of people in Jirapa Municipality are famers and are into crop cultivation. According to Gebretsadik's (2012) findings, rural families get their livelihoods from several sources, including agriculture, the rural labour market, self-employment in the rural nonfarm sector, as well as migration to urban areas, cities, and other nations. 
These results further confirmed the responses of respondents as presented in Table 6.
[bookmark: _Toc164683208]Table 6: Rural Farmers Cultivate Crops
	
	Frequency
	Percent

	
	No
	5
	5.8

	
	Yes
	129
	94.2

	
	Total
	134
	100.0


Source: Field Survey (2022).

From Table 6, only 5 (5.8%) of the respondents responded negatively that they do not cultivate crops whiles the majority of 129 (94.2%) respondents responded in the affirmative that they are farmers and for that matter, they cultivates crops. The implication is that respondents will have some knowledge and experience with regards to the impact of climate change. According to Gecho et al. (2014), the rural poor are compelled to engage in livelihood diversification due to the intrinsic seasonality and year-to-year fluctuation of agriculture.
Major crops cultivated in Jirapa Municipality
The purpose of the study was to determine the types of crops that the respondents cultivate to improve their livelihood. The responses from the respondents are presented in Table 7.



[bookmark: _Toc148198978][bookmark: _Toc164683209]Table 7: Major crops cultivated
	
	Frequency
	Percent

	
	Millet
	6
	4.4

	
	Maize
	60
	43.8

	
	Sorghum
	0
	0

	
	Groundnuts
	62
	47.4

	
	Beans
	4 
	2.9

	
	Rice
	3
	2.2

	
	Vegetables
	2
	1.5

	
	others
	0
	0

	
	Total
	137
	100.0


Source: Field Survey (2022).

According to the data in Table 7, the majority of the respondents depend on maize and groundnuts. Specifically, 60 (43.8%) of the respondents cultivate maize while as many as 62 (47.8%) cultivate groundnuts. Additionally, only 6 (4.4%) cultivate millet, 4 (2.9%) cultivate beans, 3 (2.2%) cultivate rice, and 2 (1.5%) cultivate vegetables. The reason behind people cultivating groundnuts could be due to the oil and other food that can be prepared from it. Moreover, the staple food of the people of Jirapa Municipality is prepared chiefly from maize and groundnuts, which could be a reason behind the responses. This supports Abdulai's (2016) assertion that starchy food prepared from maize, such as Tuozaafi, is best eaten with groundnut soup.
Rearing of Livestock
This was to ascertain whether the farmers have other alternatives to crops production sources of livelihood. The data is presented in Table in 8.


[bookmark: _Toc164683210]Table 8: Rural Farmers Rearing of Livestock
	
	Frequency
	Percent

	
	No
	13
	9.5

	
	Yes
	124
	90.5

	
	Total
	137
	100.0


Source: Field Survey (2022).

From Table 8, only 13 (9.5%) of respondents were not into livestock rearing whiles the majority 124 (90.5%) were into livestock rearing. The phenomenon referred to as the "livestock revolution" has been identified by Thornton (2010) and Wright et al. (2012) as a significant trend characterised by an increasing demand for livestock products. This trend is particularly pronounced in developing nations. According to Garnett's (2009) findings, it has been shown that climate change will have a significant impact on livestock production. This impact will primarily manifest through several factors such as competition for natural resources, alterations in the amount and quality of available feeds, increased vulnerability to livestock illnesses, heightened heat stress, and the loss of biodiversity. It is worth noting that these effects are likely to occur concurrently with a projected 100% surge in the demand for livestock products by the middle of the 21st century.
Animals Reared in Jirapa Municipality
It was investigated which types of animals are being raised alongside crop production. The results are presented in Table 8.



[bookmark: _Toc164683211]Table 9: Rearing of farm animals
	Animals
	Frequency
	Percent

	Cattle
	6
	4.4

	Sheep
	19
	13.9

	goat
	47
	34.3

	Pig
	62
	45.3

	Total
	137
	100.0


Source: Field Survey (2022).

From Table 9, 6 (4.4%) of the respondents rear cattle, 19 (13.9%) rear sheep, 47 (34.3%) of the respondents rear goats while as many as 62 (45.3%) of the respondents rear pigs. Therefore, the majority of the respondents rear pigs. The reason for this could be attributed to the fact that pigs can be fed with a wide variety of plants and animal food. This also helps prevent farmers from disposing of waste food, vegetables, and other byproducts.
[bookmark: _Toc164683048]4.3 Trend and Local Manifestations of Climate Change 
The primary challenges pertaining to the distribution of rainfall are characterised by the temporal aspects, including the delayed commencement and premature termination, as well as the occurrence of strong events within brief timeframes. The analysis of Sea Level Rise (SLR) data reveals a significant long-term decrease in rainfall over the observation period, with a projected reduction of 516.99 mm (refer to Figure 3). These findings are consistent with previous empirical studies undertaken in Ethiopia and other African countries. One illustrative instance may be found in a research conducted in Debark Woreda, located in the northwest region of Ethiopia, which reveals a discernible decline in rainfall patterns (ACCRA, 2011). A research conducted in Tanzania also provided evidence that indicated a decline in rainfall patterns during a period of 35 seasons, spanning from 1973/74 to 2007/08 (Mongi et al., 2010). In a similar vein, research conducted by Gbetibouo (2009) in South Africa and Mertez et al. (2008) in the Sahel area of Africa has revealed a consistent decline in precipitation patterns over the course of several decades. The findings are consistent with the study conducted by Nyantakyi-Frimpong and Bezner-Kerr (2015), which also discovered that meteorological data from the Upper West Region of Ghana showed no statistically significant alteration in annual precipitation levels from 1953 to 2011.  
A graph showing the monthly distribution of rainfall in the Jirapa municipality of the Upper West region over a period of ten years is presented in Figure 5.
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[bookmark: _Toc164683269]Figure 5: The monthly distribution of rainfall throughout the Jirapa municipality.

From the Figure 5, it can be seen that the rainy season in this area occurs between April and September. Although there may be some rainfall in February and March, as in 2016 and 2017, it is usually not enough to support farming activities. For instance, in 2016, the average rainfall in March was only 100mm and April was 150mm, which was insufficient for farming purposes. The amount of rainfall gradually decreases between September and December. In general, the Jirapa municipality receives rainfall for only four months every year, with heavy rainfall occurring in August and September. As a result, farmers usually start planting their crops in June or July. However, those who plant crops with long maturation periods in the latter part of July may experience lower yields. It is worth noting that the rainfall in this region over the past ten years has been characterized by rapid fluctuations and temporal intermittency.












Change of Weather Condition
This ascertained the knowledge of farmers with respect to the change of weather over the past 10 years. 
The results are indicated in Table 10.
[bookmark: _Toc164683212]Table 10: Rural Farmers Perception of Change of Weather over the Past 10 Years
	
	Frequency
	Percent

	
	No
	7
	5.1

	
	Yes
	130
	94.9

	
	Total
	137
	100.0


Source: Field Survey (2022).

The data in Table 10 shows that, only 7 (5.1%) of respondents responded negatively while as many as 130 (94.9%) said yes to the question. These responses confirmed the study of Armah (2010) which argued that weather conditions in the Upper West Region of Ghana have changed over the last decade (1999 to 2009).
Rural Farmers Perception of Temperature Changes over the Past 10 years
This tested the perception of the respondents with respect to the change in temperature over the past 10 years. The results are presented in Table 11
[bookmark: _Toc164683213]Table 11: Rural Farmers Perception of Temperature Changes over the Past 10 Years
	
	Frequency
	Percent

	
	No
	10
	7.3

	
	Yes
	127
	92.7

	
	Total
	137
	100.0


Source: Field Survey (2022).

From Table 11, it can be seen that, 10 (7.3%) of respondents said no, temperature has not changed over the past 10 years whiles 127 (92.7%) of respondents believed otherwise. The results imply that, there have been significant changes in the temperature over the past decade as indicated by majority of respondents. 
The extent to which change in temperature is viewed over the past 20 years is presented in Table 12.
[bookmark: _Toc164683214]Table 12: How Temperature Have Changed Over the Past 10 Years
	
	Frequency
	Percent

	
	Decreased
	50
	36.5

	
	Do not know
	7
	5.1

	
	Erratic in distribution
	60
	43.8

	
	Increased
	20
	14.6

	
	Total
	137
	100.0


Source: Field Survey (2022).

From Table 12, 50 (36.5%) of respondents believed temperature change has been 0n the decline; only 7 (5.1%) of respondents said they did not know and 60 (43.8%) of respondents said the temperature changes has been erratic in distribution whereas 20 (14.6%) were of the view that temperature changes over the past 20 years have been on the increase. 
Change in Rainfall Season
The data for the pattern of seasonal rainfall is presented in Table 13.



[bookmark: _Toc164683215]Table 13: How Rainfall Season in Itself Changed
	
	Frequency
	Percent

	
	Rains come earlier than expected
	11
	8.0

	
	Rains delay
	71
	51.8

	
	Sometimes come earlier than expected and at other times delay
	55
	40.1

	
	Total
	137
	100.0


Source: Field Survey (2022).

Table 13 indicates that only 11 (8%) of respondents said rains come earlier than expected and 71 (51.8%) said rains delay whereas 55 (40.1%) of respondents said sometimes rains come earlier than expected and at other times it delays. The results indicate that rainfall season in itself has changed and this leads to rains delaying.
[bookmark: _Toc164683049]4.4 Effects of Climate Change on Agricultural Activities
The researcher sought to find out if respondents experience soil erosion on their farmlands. The results are presented in Table 14.
[bookmark: _Toc164683216]Table 14: Famers experience of soil erosion on farmlands
	
	Frequency
	Percent

	
	No
	35
	25.5

	
	Yes
	102
	74.5

	
	Total
	137
	100.0


Source: Field Survey (2022). 

From Table 14, the majority 102 (74.5%) said yes to the assertion while the remaining 35 (25.5%) said otherwise. One significant consequence of climate change is the erosion of topsoils due to alterations in precipitation patterns and increased soil exposure to unimpeded water flow. The key practises encompassed in this study are characterised by the provision of prompt access to agricultural inputs, the implementation of contour-ridge tillage, the establishment of stone lines, the use of linked ridges, the adoption of terracing techniques, the management of crop residues and application of mulching, the utilisation of zaï pits, the implementation of agroforestry practises, the promotion of farmer-managed spontaneous regeneration of field trees, and the adoption of rainwater The primary connection between conservation agriculture and adaptation lies in its impact on mitigating soil erosion and storm water runoff, as well as enhancing soil water holding capacity. These benefits ultimately contribute to improved water productivity (Barron et al., 2010).
Destruction of farmlands by Water
This was to ascertain the rate at which rain water destroys farms in study area. The results are presented in Table 15.
[bookmark: _Toc164683217]Table 15: Rate of Soil Erosion on Your Farm lands
	
	Frequency
	Percent

	
	High
	30
	21.9

	
	Low
	51
	37.2

	
	Medium
	52
	38.0

	
	Very high
	4
	2.9

	
	Total
	137
	100.0


Source: Field Survey (2022).
From Table 15, 30 (21.9%) of respondents indicated that the rate of soil erosion is high, 51 (37.2%) indicated that it was low; 52 (38%) said it was medium while only 4 (2.9%) of respondents indicated the rate to be very high. The results from the study indicates that the rate of soil erosion on farmlands in the Jirapa Municipality is rated medium by most farmers. The findings align with the assertions made by Wu et al. (2016), who posit that climate change primarily impacts soils by modifying soil moisture conditions, elevating soil temperature, and increasing amounts of CO2. The predicted impacts of global climate change on soil processes and characteristics, which play a crucial role in the restoration of soil fertility and production, are expected to be diverse and unpredictable. The primary impact of climate change is anticipated to be seen through the rise in carbon dioxide levels and the corresponding increase in temperature.
Soil Fertility level of Farmlands
This ascertained the rate at which soil erosion and other factors affected the soil for plants production. 

The data of soil fertility levels on farmlands are presented in Table 16.
[bookmark: _Toc164683218]Table 16: Soil Fertility Level of Farmland
	Rate
	Frequency
	Percent

	
	High
	16
	11.7

	
	Low
	69
	50.4

	
	Medium
	50
	36.5

	
	Very high
	2
	1.5

	
	Total
	137
	100.0


Source: Field Survey (2022).

The data in Table 16 indicated that 16 (11.7%) of respondents indicated that the fertility levels of their farmlands was high. Also, as many as 69 (50.4%) respondents responded that the soil fertility was low whereas 50 (36.5%) and 2 (1.5%) indicated that the soil fertility was medium and very low respectively. These responses show that the soil fertility level of respondents’ farmlands is low as indicated by majority (50.4%) of them. Crop productivity is adversely impacted by changes in precipitation and extended drought, as stated by the Food and Agriculture Organisation (FAO) in 2008. In addition to the aforementioned effects of climate change on agricultural productivity, empirical research suggests that climate change also has significant implications for animal productivity and fisheries output (FAO, 2008). The Ghanaian economy exhibits a strong reliance on agriculture, as evidenced by over 60% of the population engaging in subsistence-level cultivation of crops and keeping of animals for their livelihood (ADB, 2011).  This suggests that a significant portion of the land inside the country is primarily allocated for agricultural purposes (MOFA, 2008). Ghana's agricultural sector predominantly relies on rain fed practises, wherein the cultivation of crops and rearing of animals are fully dependent on climatic conditions. The agricultural sector plays a crucial role in poverty reduction in many developing nations, as a significant proportion of rural households rely on this sector for their livelihoods.
Trend of crop yield in the past 10 years
Table 17 indicates the trend of crop yield with regards to loss of soil fertility, erratic weather conditions and poor rainfall in the past 10 years.




[bookmark: _Toc164683219]Table 17: Trend of Crop Yield in the Past 10 Years
	
	Frequency
	Percent

	
	Declining
	48
	35.0

	
	Fluctuating
	64
	46.7

	
	Improving
	18
	13.1

	
	No Change
	7
	5.1

	
	Total
	137
	100.0


Source: Field Survey (2022).

Table 17 shows that 48 (35%) of respondents believe that there is decline in the trend of crop yield in the past ten years; 64 (46.7%) responded that the trend has been fluctuating; 18 (13.1%) of the respondents indicated that the yields have been improving whiles only 7 (5.1%) of respondents responded that there is no change in crop yields in the past 10 years. The results are consistent with Coster and Adeoti (2015) who suggest a direct link between climate change and agriculture, with climate change negatively affecting crop yields and livestock production. A study by Li et al. (2015) also established that maize production for the period 2008 was affected by climate change.

Farm size and crop yield over a period of 5 years.
The purpose of the responses was to determine the size of the farm and its produce and the effect of climate change on people's livelihoods. The data on farmland size and crop yields are presented in Table 18.

	

[bookmark: _Toc164683220]Table 18: Trend of farm size and crop yield over a period of 5 years

	Crop
	2018
	2019
	2020
	2021
	2022

	
	Area of land(Acres)
	Crop yield (Bags)
	Area of land (Acres)
	Crop yield (Bags)
	Area of land (Acres)
	Crop yield(Bags)
	Area of land (Acres)
	Crop yield (Bags)
	Area of land (Acres)
	Crop yield (Bags)

	Maize
	370
	1852
	493
	1489
	536
	1665
	602
	3014
	573
	3820

	Groundnuts
	410
	2057
	587
	2936
	689
	3447
	709
	3547
	782
	3423

	Rice
	67
	378
	109
	540
	210
	648
	320
	1607
	289
	1123

	Millet
	267
	806
	396
	1108
	409
	1228
	459
	2298
	391
	1481

	Sorghum
	0
	0
	0
	
	0
	0
	0
	0
	0
	0

	Beans
	276
	834
	343
	1039
	357
	1071
	378
	1136
	409
	1228




Table 18 data shows an increasing order of farmland size from 2018 to 2021. However, in 2022, there was a decline in the farmland size for maize, groundnuts, rice, and millet. The average number of bags per acre cultivated is 5 for maize and groundnuts, while the average crop yield per acre for rice, millet, and beans is 3 bags. This is contrary to MOFA's (2015) projection that an average maize yield per acre is 1.2 to 3 tonnes. Nevertheless, the decrease in maize production aligns with Fosu-Mensah, Menchadi, and Vlek's (2019) anticipation that maize production will fall by 2050. The decline in crop yield also supports Acheampong's (2022) assertion that shifting rainfall patterns have an impact on cereal and tuber crop production.
The data is presented in a clearer and more understandable manner in Figure 6.


[bookmark: _Toc164683270]Figure 6: Trend of farm size and crop yield over a period of 5 years


Figure 6 further shows the increase and decline of the farmland size with respect to the number of bags per acre. The decline in the number of acreage in 2022 could be attributed to the cost of fertilizer and ploughing of an acre of land. It could also be due to the change of the weather and other factors as propounded by Asante, Guodaar & Arimiyaw, 2021). 



Livestock of Rural Farmers
This was to ascertain whether rural farmers have lost livestock over the past 10 years. 
The responses are in Table 19.
[bookmark: _Toc164683221]Table 19: Rural Farmers Losing Livestock over the Past Five Years
	
	Frequency
	Percent

	
	No
	17
	12.4

	
	Yes
	120
	87.6

	
	Total
	137
	100.0


Source: Field Survey (2022)

From Table 19, the survey findings, a minority of respondents (12.4%) said that they had not experienced any loss of livestock in the last five years. In contrast, the majority (87.6%) indicated that they have really encountered livestock losses during this time period. The findings align with the research undertaken by Glazebrook (2011), which posited that climate change has been seen to have effects on agricultural productivity, ecological boundaries, and the distribution of plant and animal species. The aforementioned circumstance has a negative impact on the economic well-being of communities reliant on primary industries, particularly agriculture, which is directly reliant on natural resources. According to the United Nations Development Programme (UNDP, 2007), households who rely on agriculture as their primary source of income are susceptible to vulnerability due to fluctuations in rainfall patterns and temperature. According to the United Nations Development Programme (UNDP, 2007), climate shocks, such as droughts, floods, and thunderstorms, have a detrimental impact on agricultural productivity, leading to crop destruction and subsequent escalation in food costs.
Akudugu and Alhassan (2012) assert that climate change in Ghana is substantiated by a decrease in precipitation, fluctuations in rainfall distribution, occurrences of drought, and elevated temperatures. These factors have had a significant impact on the economic resources and well-being of communities, leaving them vulnerable to food insecurity and financial hardship. The adverse impacts of elevated temperatures, including floods and bushfires, have resulted in the devastation of agricultural lands, biodiversity, and animals. These ecological resources serve as fundamental natural assets upon which rural communities rely for their sustenance and economic well-being. Akudugu and Alhassan (2012) conducted a study. According to Roncoli et al. (2009), the practise of diversification, which includes migrating, engaging in non-farm jobs, and establishing social support networks, has had a role in mitigating the negative impacts of climatic variability on agricultural households.
Causes of Loss of Livestock 
The livestock industry has significant challenges, including limited access to grazing pastures, insufficient water sources for animal consumption, and a notable increase in animal mortality due to illnesses in recent years. The data which seeks to ascertain the causes of loss of livestock is presented in Table 17.
[bookmark: _Toc164683222]Table 20: Causes of Loss of Livestock over the Past Five Years
	
	Frequency
	Percent

	
	Inadequate labour
	6
	4.4

	
	Inadequate water
	19
	13.9

	
	Pests and diseases
	47
	34.3

	
	Poor pasture
	62
	45.3

	
	Stealing
	1 
	.7 

	
	Theft
	2
	1.5

	
	Total
	137
	100.0


Source: Field Survey (2022).
Cumulatively, 97.8% of the respondents complained that they have lost their livestock over the years. The data shows that 6 (4.4) respondents attributed the loss to labour; 19 (13.9%) attributed it to inadequate water; 47 (34.3%) of the respondents attributed the loss to pest and diseases and while as many as 62 (45%) attributed it to poor pasture (Table 20). This work corroborates the conclusions made by Addisu et al. (2016), which emphasise the influence of climate change on the intensity and geographic spread of cattle illnesses and parasites. According to a research conducted by the Food and Agriculture Organisation (FAO) in 2006, it was found that around 83.1% of households reported that climate change frequently caused disruptions in livestock husbandry. This finding aligns with the findings of the present study.
The findings show that, households in the Jirapa Municipality lose their livestock due to poor pasture which could be attributed to the prevalence of bush fires in the Municipality (Gyampoh et al., 2009). The majority of farmers in Jirapa expressed concerns over drought conditions, since around 98.9% of the local population engages in agricultural activities that heavily rely on rainfall for irrigation. This study aligns with the findings of Fosu (2013), who showed that a significant majority of respondents (77.80%) acknowledged the worsening trend of drought over time.
Others also said that theft and stealing has also accounted for the loss of their livestock in Municipality.
[bookmark: _Toc164683050]4.5 Local and Institutional Climate Change Coping Mechanisms
The data is presented in Table 21.




[bookmark: _Toc164683223]Table 21: Type of land ownership
	
	Frequency
	Percent

	
	Own land (purchased/Inherited)
	75
	54.7

	
	Rented
	35
	25.5

	
	Shared holding
	27
	19.7

	
	Total
	137
	100.0


Source: Field Survey (2022)
From Table 21, the respondents were asked the type of land ownership and results shows that 75 (54.7%) of them owned land (purchased/inherited) and 35 (25.5%) rented whiles 27 (19.7%) practice shared holding. The findings from Table 18 indicates that, majority of households’ lands are owned lands which is confirmed in a similar study by Connolly-Boutin and Smit (2016) who argued that over 78.6% of farmlands in Africa are inherited.
The Total Farmland Size
Farmlands are usually in various sizes. The various sizes of farmlands are presented in Table 22.
[bookmark: _Toc164683224]Table 22: Total Farm (Crop) Size
	
	Frequency
	Percent

	
	1-3 acres
	29
	21.2

	
	10-15 acres
	34
	24.8

	
	4-6 acres
	55
	40.1

	
	7-9 acres
	19
	13.9

	
	Total
	137
	100.0


Source: Field Survey (2022).

From Table 22, 29 (21.2%) of respondents total farm size are between 1-3 acres, whereas 34 (24.8%) farm size is between 10-15 acres. As many as 55 (40.1%) respondents farm size is between 4-6 acres whereas 19 (13.9%) of respondents farm size is 7-9 acres. The results indicate that, most farm sizes the of Jirapa Municipality is 4-6 acres. In another research conducted by Adjei-Nsiah and Kermah (2012) in Ghana, it was observed that, the average farmland size is 4-6 acres.
Fertilizer Application
According to Otitoju's (2013) research, farmers have implemented many strategies over time to enhance their agricultural productivity and overall well-being in response to the challenges posed by climatic variability. The activities encompass the use of enhanced seed types through meticulous selection, the collection of rainwater for irrigation purposes, the implementation of soil conservation techniques, and the adoption of modified agricultural customs. The researcher sought to find out from respondents if they apply fertilizer/manure on their crop fields. 

The data is presented in Table 23.
[bookmark: _Toc164683225]Table 23: Application of Fertilizers/Manure on Your Crop Field
	
	Frequency
	Percent

	
	No
	8
	5.8

	
	Yes
	129
	94.2

	
	Total
	137
	100.0


Source: Field Survey (2022).

The data in Table 23 shows that 8 (5.8%) of respondents do not apply fertilizer/manure in their farmlands while as many as 129 (94.0%) of respondents do apply fertilizers/manure on their crop fields. The inability of some farmers applying fertilizers/manure to their crops could be due to financial challenges or luck of animals to enable them apply the droppings/dung directly or prepare compost manure to fertilize the lands. 
The phenomenon of climate change is anticipated to intensify the energy associated with the degradation of the soil mineral matrix, mostly as a result of the buildup of minerals that exhibit resilience to weathering processes. The consequence of this phenomenon will result in a decline in soil functionality for the purpose of sustaining fertility, hence increasing reliance on mineral fertilisers. Climate change refers to significant and prolonged alterations in climatic patterns, typically spanning several decades or more (IPCC 2007). These alterations encompass variations in average climatic conditions, unpredictable rainfall patterns, the occurrence and intensity of extreme weather events, and fluctuations in sea levels. These changes can arise from either natural fluctuations or human activities. The phenomenon of global warming is commonly ascribed to the emission of greenhouse gases resulting from the combustion of fossil fuels such as coal, oil, and natural gas, mostly due to anthropogenic activities (Brett, 2009). According to the survey participants, the diminishing rainfall and ongoing land cultivation have resulted in a gradual decline in soil fertility, hence necessitating the application of fertilizer. In the words of an old farmer: 
“The soil is no more fertile because of how the rain has changed and people use crop varieties that are new. So, if you don’t apply fertilizer, you will not get anything.” This statement has confirmed that the soil nutrients have been depleted.




Ability to Reserve Seed for Future Cropping
The researcher sought to find out from respondents if household heads are able to reserve some seeds for future cropping seasons. The results are presented in Table in Table 24.
[bookmark: _Toc164683226]Table 24: Households Ability to Reserve Some Seeds for Future Cropping Season
	
	Frequency
	Percent

	
	No
	27
	19.7

	
	Yes
	110
	80.3

	
	Total
	137
	100.0


Source: Field Survey (2022).

Table 24 displays the responses of the participants about their ability to save seeds for future cropping seasons. Out of the total respondents, 27 individuals (19.7%) answered negatively, while the majority of 110 individuals (80.3%) responded affirmatively, stating that they are indeed capable of reserving seeds for future cropping seasons.
The agricultural sector in sub-Saharan Africa is now experiencing adverse impacts as a result of climate change. One of the most efficacious approaches to enhance agricultural practises is the use of alternative crop types. Agriculture in Africa is currently experiencing heightened climatic pressures, necessitating the adoption of novel farming techniques and technology to accommodate the changing climatic circumstances (Schlenker and Lobell, 2010; Thornton and Herrero, 2015). The meta-analysis of crop production impacts undertaken for the most recent Intergovernmental Panel on Climate Change (IPCC) assessment, known as AR5, evaluates the often investigated on-farm adaptation techniques. Among these measures, the approach of "cultivar adjustment" emerges as the most successful, as shown by Challinor et al. (2014) and Porter et al. (2014). The term "cultivar adjustment" encompasses a broad range of shifts in cultivated varieties. However, in the context of impact studies, it is commonly interpreted as a transition from currently cultivated varieties to "climate-smart varieties." These climate-smart varieties are specifically bred or selected to possess traits that enable them to adapt to new climatic conditions, such as increased tolerance to drought and heat, or enhanced resilience against floods. In addition, there have been calls in the literature for the integration of yield impact models and socio-economic models pertaining to the development and dissemination of different varieties. These studies emphasise the need to not only adapt the technological aspects of the varieties, but also the institutions and policies associated with the breeding, delivery, and adoption processes of these new climate-smart seeds. This perspective has been highlighted by Challinor et al. (2016) and Atlin et al. (2017). Given the expected accelerated speed of climate change in comparison to the existing rate of biodiversity data analysis (BDA), this research has introduced a heightened feeling of urgency to the inquiry surrounding seed system development.

Access to Irrigation Facility
When asked if respondents have access to irrigation infrastructure, the responses are presented in Table 25.
[bookmark: _Toc164683227]Table 25: Access to Irrigation Infrastructure
	
	Frequency
	Percent

	
	No
	102
	74.5

	
	Yes
	35
	25.5

	
	Total
	137
	100.0


Source: Field Survey (2022).
The results in Table 25 revealed that majority102 (74.5%) of respondents do not, have access to irrigation infrastructure whiles 35 (25.5%) had access to irrigation infrastructure. The agriculture sector is not performing well due to shortage of water for irrigation. In a study by Alvaro et al. (2010), farmers are the biggest global water users and they operate, directly or indirectly, at the world market for agricultural products. It is most likely that climate change will make the situation worse.  Adaptation to dwindling water resources is necessary at the local scale.
 Access to Variable Seeds
This seeks to ascertain from farmers whether they have storage facilities for their seeds/grains. The data collected is presented in Table 26.
[bookmark: _Toc164683228]Table 26: Access to Seed and Grain Storage Facilities
	
	Frequency
	Percent

	
	No
	71
	51.8

	
	Yes
	66
	48.2

	
	Total
	137
	100.0


Source: Field Survey (2022).

From Table 26, 71 (51.8%) of respondents did not have access to seed and grain storage facilities whiles 66 (48.2%) had access to seed and grain storage facilities. The results imply that, household heads in Jirapa Municipality lack access to seed and grain storage facilities. The findings are in line with the work of Mabe et al. (2012) where it was augured that, most rural famers do not have access to storage facilities.
Access to Land Management Training
The researcher sought to find out from respondents if they had land management training. 

The data obtained is presented in Table 27. 
[bookmark: _Toc164683229]Table 27: Access to Land Management Training
	
	Frequency
	Percent

	
	No
	86
	62.8

	
	Yes
	51
	37.2

	
	Total
	137
	100.0


Source: Field Survey (2022).

Table 27, as many as 86 (62.8%) respondents do not have access to any land management training whereas 51 (37.2%) had access to land management training. The inability of farmers to have access to land management training has the propensity to exacerbate climate change challenges on the farmlands.
Awareness of the Effects of Climate Change
The public and for that matter farmers need to be educated on climate change and its negative effects. This education could be done by local radio stations, NGOs and local government. The data on respondents’ awareness of the negative effects of climate change by NGOs and local government are presented in Table 28. 
[bookmark: _Toc164683230]Table 28: Respondents Awareness of the Effects of Climate Change by NGOs or Local Government
	
	Frequency
	Percent

	
	No
	47
	34.3

	
	Yes
	90
	65.7

	
	Total
	137
	100.0


Source: Field Survey (2022)

From Table 28, it is seen that 47 (34.3%) of respondents are not aware of the negative effect of climate changes whereas as many as 90 (65.7%) are made aware of the effects of climate change by NGOs or local government. The results are consistent with Acquah (2011) who stated that, activities of NGOs in Ghana are raising awareness of climate change. The education given to farmers can have a positive land sustainability effect on the farmlands.
The Regional Environmental Management Committees in the three northern regions of Ghana were reorganised as Regional Climate Change Adaptation Monitoring Committees, in accordance with the guidelines outlined in the National Climate Change Adaptation Strategy (EPA, 2012).  Similarly, 10 Environmental Management Committees operating at the district level underwent an equal reconstitution process, resulting in the establishment of District Adaptation Monitoring Committees. The committees were entrusted with the task of overseeing the administration and coordination of climate change and associated policies, programmes, and projects at both regional and district levels, including many sectors. The committees serve as a platform for the comprehensive understanding of adaptation, synergies, and gaps, as well as the required modifications in existing interventions. This facilitates integration and contributes to a broader discussion on climate change and development planning at all levels.
The Correct Weather Pattern
The data on the respondent’s responses on whether they have knowledge on the correct weather pattern is presented in Table 29. 




[bookmark: _Toc164683231]Table 29: Respondents Been Informed of the Correct Weather Patterns 
	
	Frequency
	Percent

	
	No
	56
	40.9

	
	Yes
	81
	59.1

	
	Total
	137
	100.0


Source: Field Survey (2022).

The data in Table 29 indicates that 56 (40.9%) of respondents have little knowledge to ascertain the correct weather patterns whiles majority of the respondents, 81 (59.1%) have been informed of the correct weather pattern. This implies that some farmers in Jirapa Municipality are educated on the weather patterns or changes taking place in the weather (late or early arrival of rains or heavy rains) on time. 
According to Abdul-Rahaman and Abdulai (2018), farm yield increases when farmers are in groups. Therefore, data on the farmers belonging to groups is presented in Table 30.
[bookmark: _Toc164683232]Table 30: Respondents Belonging to Any Farmers-Based Organizations
	
	Frequency
	Percent

	
	No
	82
	59.9

	
	Yes
	55
	40.1

	
	Total
	137
	100.0


Source: Field Survey (2022)

The responses indicate that, majority of the respondents 82 (59.9%) do not belong to any farm group whereas 55 (40.1%) belonged to farmer-based organizations (Table 30). The implication is that most household famers in Jirapa Municipality do not belong to farmer-based organization and hence may not be adequately informed or educated in relation to climate change adaptations. The results are consistent with Deininger et al. (2013) where it was stated that most rural farmers do not belong to farmer-based organizations and hence could affect their knowledge and contribution to climate change adaptation and mitigation. The assertion that farmers who do not belong to groups cannot learn from one another, hence have the tendency not to increase their farm yield is true (Abdul-Rahaman & Abdulai, 2018).
[bookmark: _Toc164683051]5.6 Chapter Summary
The data were presented in frequency tables, figures, and bar graph.  The tables outlined the frequency and percentages of respondents’ demography, their knowledge in seasons and rainfall patterns and their knowledge in change in temperature. These were to help answer the research questions. Data was presented on the respondents’ perception of change of weather and temperature over the past 10 years. The data were further presented on the respondents’ responses on the effects of the change of weather, rainfall pattern and temperature on their crops, livestock and farm lands. Additionally, the respondents’ knowledge on the local and institutional Climate Change Coping Mechanisms was presented. The figure explained the monthly rainfall distribution pattern within the area of study over one year. The bar graph defined the size of the household capable of being affected by the climate change activities. The responses indicated that there is erratic weather conditions and high temperatures over the past 10 years. Also, the climate changes have affected agricultural activities such as crop production, livestock, aqua cultural activities and soil fertility. The soil erosion destroyed farm lands therefore, soil fertility have reduced. The respondents were educated by NGOs and radio stations on the correct weather patterns and the coping mechanisms of climate change. Some farmers are therefore adapting to the climate change mechanisms.
[bookmark: _Toc164683052]CHAPTER FIVE
[bookmark: _Toc164683053]SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc164683054]5.1 Introduction 
This chapter presents a summary of the findings of the research and conclusions drawn in the light of these findings. Also, recommendations have been made based on the findings and conclusions of the study. The general objective of the study was to assess the impacts of climate change on rural agricultural activities in Jirapa Municipality. To achieve this, the following research questions were answered:
i. How does climate change impact rural agricultural livelihoods?
ii. What are the trends and the local manifestations of climate change in Jirapa Municipality?
iii.  How does climate change affect agricultural activities in Jirapa Municipality?
iv. What are the local and institutional climate change coping mechanisms and their sustainability?
The mixed method design was used for the study. Both quantitative and qualitative data were collected and analyzed in an explanatory sequential mixed method approach. Questionnaire and interviews were used to collect data from 137 respondents who were selected through cluster, stratified, purposive and convenient/accidental sampling techniques. Descriptive statistics (frequencies and percentages) were used to analyse the quantitative data. The qualitative data was put into themes to be used to further explain the quantitative data.
[bookmark: _Toc164683055]5.2 Summary of Major Findings
The summary of the findings are organised in accordance with the study questions. 
On how the climates change impact rural agricultural livelihoods: The study established that the average farmland for the inhabitants of Jirapa is between 1 and 3 acres. The average yield of maize per acre is 5 bags, and for beans are 3 bags, on a yearly basis. This means that most of the inhabitants are subsistence farmers who rely on farming for their livelihood. The main crops grown by the majority of farmers are maize, groundnut, and beans. However, climate change is causing poor soil quality, which is negatively affecting crop yields. To supplement their farming income, many people in the area also raise pigs and goats.
 The study further revealed that the reduction in crop output can be attributed to the irregular rainfall patterns and the decline in soil fertility. The desiccation of grasses due to prolonged drought conditions leads to a significant loss of animals. The Municipality experiences several climatic phenomena, including as prolonged periods of intense storms and floods, very high temperatures, and droughts leading to the depletion of water resources.
The absence of irrigation infrastructure to supplement precipitation is evident therefore; the occurrence of rainfall delays has a significant impact on agricultural productivity, specifically affecting both crop cultivation and livestock rearing.
With regard to the trends and the local manifestations of climate change in Jirapa Municipality; the study findings suggest that there has been a discernible trend and localised manifestations of climate change and variability. Specifically, the analysis reveals that meteorological conditions, temperature, and rainfall patterns have seen significant changes during the previous decade.
On how climate change affects agricultural activities in Jirapa Municipality; the findings of the study revealed that agricultural operations are being impacted by climate change, specifically in relation to the variability of annual rainfall patterns. This finding provides more evidence supporting the link between climate change and soil erosion on agricultural fields, which subsequently diminishes soil fertility and contributes to reduced crop productivity. Furthermore, farmers see a reduction in cattle due to the inadequate quality of pastures.
The findings of the study further suggest that agricultural operations in Jirapa Municipality are impacted by climate change, resulting in a decrease in farmers' revenue. Consequently, the agricultural practitioners' means of subsistence have been adversely impacted.
On the local and institutional climate change coping mechanisms and their sustainability; the results of the study indicate that individuals possess a level of awareness of climate change; yet, they struggle to accurately identify and elucidate the underlying factors responsible for these alterations. Additionally, it was discovered that the primary medium through which individuals obtain information is the radio. 
Also, farmers rely on the use of fertilisers and manure as a means to enhance crop productivity within the context of local and institutional climate change adaptation strategies. Farmers lack access to seeds generated by organic seed growers for agricultural purposes, therefore relying on locally saved seeds from their own farm product. Consequently, producers have diminished agricultural productivity due to the reduced crop output. Furthermore, it has been determined that certain non-governmental organisations (NGOs) and the local government have provided education to a limited number of farmers on the impact of climate change and weather patterns. Furthermore, a significant proportion of farmers do not possess membership in farmer-based organisations, therefore limiting their opportunities for knowledge exchange and mutual learning.
The study further confirmed the existence of institutions that provide education to farmers on the causes and consequences of climate change, as well as strategies for adaptation, mostly through radio stations and other public platforms. Farmers have been provided with knowledge on the adverse impacts of deforestation, bush burning, and improper utilisation of agrochemicals, which are recognised as human-induced activities contributing to global climate change.
[bookmark: _Toc164683056]5.3 Conclusions 
The Jirapa Municipality has seen fluctuations in weather conditions and temperature over the course of the last decade. These variations have exhibited an unpredictable pattern, resulting in disruptions to the regular distribution of rainfall. The primary consequences of climate change were observed in the lives of household farmers, manifesting as diminished food crop yields, reduced income, and an upsurge in health-related ailments. The majority of farmers within the research area exhibited awareness and recognition of climate change, attributing deforestation and bush burning as the primary factors driving this phenomenon within the region. 
Institutions aiming to support farmers in mitigating the effects of climate change see deforestation, bush burning, and improper use of agrochemicals as the primary anthropogenic factors contributing to climate change. These institutions offer a range of services to smallholder farmers in order to help them meet the issue of climate change. These services include education and training, the transfer of relevant technology, and the supply of loans.
The climate fluctuations have exacerbated the susceptibility of agricultural fields among rural residents within the Municipality. Consequently, there has been a decline in soil fertility and a concurrent rise in soil erosion. The persistent and continuous exposure of agricultural areas has resulted in a decrease in productivity and crop yields, exacerbating the food security situation and contributing to higher levels of poverty among small-scale farmers who rely entirely on agriculture for their livelihoods. 
The research demonstrated the implementation of several ways for adapting to climate change. Farmers continue to exhibit suboptimal utilisation of their resources, hence demonstrating a state of technical inefficiency. For example, there was an over use of seeds while the utilisation of agrochemicals was insufficient. Furthermore, the significant disparity in efficiency levels compared to the leading edge highlights the pressing necessity to address the knowledge deficit among farmers.
[bookmark: _Toc164683057]5.4 Recommendations 
Based on the findings and conclusions, the following recommendations were made:
On how climate change impact rural agricultural livelihoods; the study recommends the need to perform further education and research interventions in order to enhance the community-based participatory approach to natural resource management. This approach should be supported by incorporating the best indigenous knowledge and practises of farmers.
Also, with regards to the trends and the local manifestations of climate change in Jirapa Municipality the study recommends the utilisation of radio stations as an educational medium for the dissemination of knowledge on climate change and its impacts should be taken into consideration by governmental bodies, non-governmental organisations (NGOs), and relevant stakeholders. This is due to its ability to effectively engage with rural populations, particularly those whose livelihoods are entirely reliant on climate conditions.  This initiative has the potential to significantly enhance climate consciousness within communities, leading to a greater dissemination of pertinent climate-related information. Consequently, this heightened knowledge is likely to shape individuals' perception of risk and facilitate the adoption of necessary adaption strategies.
About how climate changes affect agricultural activities in Jirapa Municipality, it is recommended that stakeholders, including the Ministry of Food and Agriculture and development partners, collaborate with extension agents to provide training to farmers about the appropriate utilisation of inputs and effective implementation of climate adaptation measures. In order to optimise the appropriate use of inputs, it is imperative to implement mechanisms for monitoring and ensuring that farmers adhere to optimal agricultural practises.
With regards to the local and institutional climate change coping mechanisms and their sustainability, it is suggested that irrigation facilities should be constructed by the government and or NGOs to enable farmers complement rainfall for watering their crops.
It also recommended that the farmers capabilities be enhanced by the District Agricultural Development Unit to achieved the establishment of social networking platforms, such as the development of Farmer-Based Organisations (FBOs), which will facilitate farmer-to-farmer extension services. This intervention has the potential to mitigate the disparity in knowledge regarding technological inefficiencies among farmers.
Furthermore, it is recommended that non-governmental organisations (NGOs) and government entities increase their efforts in delivering extension services via the Ministry of Food and Agriculture (MoFA). This would facilitate enhanced access to information for farmers about coping mechanisms and adaptation methods in response to climate change.
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SD DOMBO UNIVERSITY OF BUSINESS AND INTEGRATED DEVELOPMENT STUDIES, WA
ENVIRONMENT AND RESOURCE MANAGEMENT DEPARTMENT
RESEARCH QUESTIONNAIRE
Dear Respondent, 
The goal of this study is to investigate the climate change pattern and its impact on rural agricultural livelihood. I therefore, solicit your cooperation and consent to participate in this study.  The confidentiality of your responses is guaranteed.
SECTION A: Demographic Information 
1. Age of respondent: ………. 
2. Gender of respondent: 	Male [  ]	Female [  ]
3. Education of respondent: 
None [  ]	Primary Level [  ]	Middle/JSS [  ]    SSS/Tech/Voc [  ]	Training Colleges [  ]	Tertiary [  ]
4. Marital Status: Single [  ]	Married [  ]	Divorced/Separated [  ]	Widowed [  ] 
5. Religion: Traditional religion [   ]	Christian [  ]	Muslim [  ]	Other, specify………… 
6. Ethnicity: ……………………………………….…… 
7. Household Size:	less than 5 [  ]		5-10 [  ]		11 and above [  ] 



SECTION B: Trend and Local Manifestations of Climate Change/Variability
8. What is your main source of livelihood? 
Farming [  ]	Trading [  ]	Public Servant [  ]	Others (Specify)…………………. 
9. If farming is your main source of livelihood, do you cultivate crops?   Yes [  ]   No [  ]
10. If yes, what are the major crops you cultivate?
(Multiple choice possible)
Millet [  ]	Maize [  ]	Sorghum [  ]	Groundnuts [  ]		Beans	[  ]	Rice [  ]	Vegetables [  ]		Others, please specify ………………………
11. What is the quantity of land allocated for each crop selected and their respective yields over the past five (5) years?
	CROP
	2018
	2019
	2020
	2021
	2022

	
	Area of land
	Crop Yield
	Area of land
	Crop Yield
	Area of land
	Crop Yield
	Area of land
	Crop Yield
	Area of land
	Crop Yield

	Maize 
	
	
	
	
	
	
	
	
	
	

	Groundnut 
	
	
	
	
	
	
	
	
	
	

	Rice 
	
	
	
	
	
	
	
	
	
	

	Millet 
	
	
	
	
	
	
	
	
	
	

	Sorghum 
	
	
	
	
	
	
	
	
	
	

	Beans 
	
	
	
	
	
	
	
	
	
	

	Others 
	
	
	
	
	
	
	
	
	
	



12. Do you rear livestock?		Yes [  ]		No [  ]
13. What animals do you keep?	Cattle [  ]	Sheep [  ]	Goat [  ]	Pig [  ]	
14. Do you think the weather conditions have changed over the past 10 years?	
No [  ]		Yes [  ]		if yes explain……………
15. Do you think temperature has changed over the past 10 years?
No [  ]		Yes [  ]		if yes explain……………
16. If yes, how has it changed over the past 20 years?
Increased [  ]	Decreased [  ]	Erratic in distribution [  ]Do not know [  ]
17. Have you witnessed changes in Rainfall amount over the past 10 years?
Yes [  ]		Do not know [  ]	No change [  ]
18. How has it changed over the past 10 years?
Increased [  ]	Decreased [  ]	Erratic in distribution [  ]Do not know [  ]
19. How has the rainfall season in itself changed?
Rains delay [  ]		Rains come earlier than expected [  ]		Sometimes come earlier than expected and at other times delay [  ]
SECTION C: Effects of Climate Change on Agricultural Activities
20. Do you experience soil erosion on your farm lands?	Yes [  ]		No [  ]
21. What is the rate of soil erosion on your farm lands? 
Medium [  ]	High [  ]		Low [  ]		 Very high [  ]
22. What is the soil fertility level of your farm land? 
Medium [  ]	High [  ]		Low [  ]		 Very high [  ]
23. In the past ten years, what has been the trend of your crop yield? 
Improving [  ]	Fluctuating [  ]		No Change [  ]		Declining  [  ]
24. Have you lost your livestock over the past five (5) years? Yes [  ]	No [  ]
25. If yes, what do you think are the causes? 
Inadequate water [  ]	Pests and diseases [  ]	Poor pasture [  ]	Inadequate labour [  ]	Others (specify…………………) 
In the past five years, what has been the trend of your animal output and what would you say is the major cause for the particular trend?  
26. Output:	Improving [  ]	Fluctuating [  ]	No Change [  ]	Declining  
27. Cause:		Inadequate water [  ]	Pests and Diseases [  ]	Poor pasture [   ]	Inadequate labor [   ]	Other (Specify …………………….) 
SECTION D: Adaptive Measures Used by Rural Farmers Against the Impacts of Climate Change
28. Type of land ownership:	Own land (purchased/Inherited) [  ]	Rented [  ]	Shared holding [  ]
29. What is your total farm (crop) size?   1-3 acres [  ]   4-6 acres [  ]	   7-9 acres [  ]	10-15 acres  [  ]
30. Do you apply fertilizers/manure on your crop field?	Yes [  ]		No [  ]
31. If yes, provide details in the table below 
	
	Yes 
	No 
	Type 
	Quantity bags/farm

	Chemical fertilizers
	
	
	
	

	Manure 
	
	
	
	

	
	
	
	
	


32. How long do you travel to reach to the nearest source of fertilizer…………?
33. Have you been able to reserve some seeds for future cropping season?	
Yes [  ]		No [  ]
34. Do you have access to irrigation infrastructure?	Yes [  ]	No [  ]
35. Do you have access to seed and grain storage facilities?	Yes [  ]	No [  ]
36. Have you had access to land management training?		Yes [  ]	No [  ]
37. Have you been made aware of the effects of climate change by the NGO or Local Government?		Yes [  ]		No [  ]
38. Have you been informed of the correct weather patterns or changes taking place in the weather (late or early arrival of rains or heavy rains) in time?	Yes [  ]		No [  ]
39. If yes, what is the source?
Media [  ]	Extension officers [  ]		Neighbours [  ] Spouse [  ]
40. Do you belong to any farmers-based organizations?	Yes [  ]		No [  ]
41. Have you received any training from the group you belong?	Yes [  ]	No [  ]
INTERVIEW QUESTIONS FOR INSTITUTIONS
Institutional Background  
Position of interviewee……………………     	  	  	Date …. /…/…..  
Name of Institution……………………………………  
1. Type of Institution 	(i) Public [  ]	 (ii) Civic [  ]		(iii) Private [  ]
2. How many years has the organization been operating in the community?......................  
3. Do you perceive climate is changing in the district?  
………………………………………………………………………………
4. If yes, what do you think might be the causes?  
………………………………………………………………………………
5. What are the manifestations of climate change observed in the area? 
………………………………………………………………………………

6. Describe the nature and terrain of agriculture lands in the area 
………………………………………………………………………………
7. What has been the trends of agriculture production within the district? And what might be the causes of this trend? 
………………………………………………………………………………
8. What are the observed impacts on farmers’ agricultural lands”? 
………………………………………………………………………………
9. How does your institution contribute to support the community address the climate change challenges? (e.g education and training; cash aid, food aid and credit; infrastructure improvement; technology transfer; business advice)
………………………………………………………………………………
10. Does every member of the community benefit from these support services?  
Yes [  ]		No [  ]
11. If no, state target group of beneficiaries
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Less than 5 	
0.32100000000000001	5-10 people	
0.53300000000000003	11 above people	
0.14599999999999999	


Monthly Average Rainfall Distribution in Jirapa Municipality (2014 – 2022)
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