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[bookmark: _Toc167379844]ABSTRACT
Urban agriculture is gaining popularity in the ever-expanding cities in sub-Saharan Africa. Many studies have explored the dynamics of urban agricultural practices in the sub-region. However, the subject matter of climate change's impact on urban agricultural practices and urban farmers’ adaptation strategies is under research. This study draws on a mixed methods research approach to assess urban agricultural practices and farmers’ adaptation to climate change and variability stressors in Wa Municipality, Ghana. The study is guided by four (4) specific objectives: (1) to identify the characteristics of urban food crop and livestock production; (2) to analyse the spatial distribution of urban food crop and livestock production and how it influences farmers climate change adaptation; (3) to determine the socio-economic factors that influence urban dwellers’ participation in urban agriculture; and (4) to explore the climate change adaptation strategies of urban farmers. A cross-sectional survey design was adopted to collect data from 362 urban households, supported by spatial data, 12 key informant interviews, and observations. The quantitative data were analysed using descriptive statistics, binary logistic regression, map overlays, and spatial statistics, while the qualitative data were analysed using thematic and content analysis. Results showed that urban agriculture in urban Wa is characterised by the production of staple food crops (e.g., maize, cabbage, okra, beans, yam, pumpkin, etc.) coupled with animal production (e.g., chickens, sheep, goats, cattle, etc.). The spatial distribution of urban agricultural activities in Wa showed a clustered pattern within the inner core and the transition zones. About 52.8% of the sample households engaged in urban agricultural activities. The binary logistics regression model showed that socio-economic variables such as household size and income positively influence urban households' participation in urban agricultural production. Cultivation of indigenous and improved crop varieties, together with the rearing of exotic and local breeds of animals, were the climate change adaptation strategies highlighted. In addition, various soil management and water conservation strategies, as well as regular vaccination of the farm animals, were employed by the farmers’ in adapting to climate change and variability stressors. The study concluded that the choice of animals' housing types on urban farms can significantly impact urban farmers' climate change adaptation strategies, influencing factors such as resource efficiency, animal welfare, and adaptation to extreme weather events. Moreover, the clustered distribution of urban farms can facilitate collaborative adaptation strategies among urban farmers, allowing for shared resources, knowledge exchange, and collective action to address climate change impacts effectively. Again, urban household size and monthly income are influential factors in urban households' participation in urban farming production. Lastly, urban crop and livestock farmers, in the face of climate change, have demonstrated adaptive and ingenuity by implementing various adaptation strategies to safeguard their livelihoods and production through a combination of innovative practices. There is a diversity of adaptation strategies employed by urban farmers, including the adoption of drought-resistant crop varieties, soil moisture, and nutrient management techniques, and diversified livestock rearing alongside treatment against extreme weather. Promoting urban agricultural production despite climate stressors calls for collaboration and knowledge-sharing among neighbouring farms while implementing resilient and adaptable infrastructure to mitigate climate change risks and enhance sustainability in urban agriculture in Africa, particularly Ghana. Therefore, developmental policies should focus on the integration of urban agriculture and land use planning and zoning by the Town and Country Planning Departments. Policymakers, urban planners, and community stakeholders should harness the potential of urban agriculture by rolling out pro-poor urban development policies. There is also the need to integrate capacity-building initiatives, training programmes, and extension services into urban agricultural policies, which are critical to enhancing farmers' knowledge and skills in climate change adaptation. Future research should explore ways of improving the value chain of urban agricultural production in Ghanaian cities, the perspectives of stakeholders in urban agricultural production, and the quality of crops and animals produced within the urban neighbourhood.
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[bookmark: _Toc167379847]1.1 Background to the Study
Globally, urban agriculture (UA), which is more pronounced in the developed countries, provides livelihood sustenance in the form of fresh vegetables and fruits, dairy milk, fish, eggs, and meat, income to  about 800 million people (Tornaghi, 2015; Corcoran & Cavin, 2018; Taguchi & Santini, 2019). Developed countries like the United States of America, the Netherlands, Denmark, France, and Italy have enormous numbers of urban agriculturalists (Martellozzo et al., 2014). However, middle-income countries like Argentina, Bosnia and Herzegovina are noted to have a demonstrated strong commitment to expanding agricultural activities in their cities (Ritchie & Roser, 2019). In the Global South, particularly sub-Saharan Africa (SSA), UA is yet to be fully embraced by the increasing city dwellers although mounting evidence from the literature highlighted that countries such as Ghana, South Africa, Nigeria, and Rwanda are making stringent efforts through policies (Dube et al., 2021). For instance, Ghana—the 1972 operation feed yourself, South Africa—the 2007 urban agriculture policy for the city of Cape Town, Nigeria—the 2023 urban farming regulation in Nigeria and Rwanda—the Rwanda 2017 and 2018 national agriculture policy. Again, based on expert recommendations, namely; Battersby, Haysom and Marshak to expand UA. 

Urban agriculture refers to a wide range of farming activities that take place within a city's boundary or its direct zone of influence (FAO, 2020). This type of agricultural activity leverages residential plots, public green spaces, vacant lands, or residual agricultural lands within the city (Sharifi, 2018). The urban farming plots can be temporary or permanent, large or small scale, and monocultures or polycultures (Alimba et al., 2020). Urban agriculture is also conceived as a value-chain involving the direct production of food crops and animals, and the marketing of agricultural products within the urban space (Dieleman, 2017). Urban agriculture ranges from cultivation, processing, and distribution of food within a city and its peripheries. It offers an opportunity to bring crop and animal production to the doorsteps of city dwellers (Delgado, 2018). The advantages of UA are numerous. Producing food and animals in and around cities is encouraged because it reduces the challenges of accessing urban food by reducing the distance covered to access food (Skar et al., 2020). Apart from food production to meet households’ nutritional needs, UA is a common source of income and a coping mechanism for urban households’ in many cities (Langemeyer, Madrid-Lopez, et al., 2021). UA may contribute to enhance food security and serve as a pro-poor intervention in developing countries. For instance, according to McClintock et al. (2021), a year's worth of agricultural produce from a small parcel of land inside a metropolis at a certain point can feed the entire family. It is worth noting that the urban spaces of under-developed countries are not self-reliant in food security (Edmondson et al., 2020). The urban areas largely depend on the peripheries or the hinterlands for food. In addition, rural agriculture is not independent from the vagaries of climate change and variability stressors (Ayerakwa et al., 2020). This has made it significant for urban dwellers to embrace UA as a way of contributing to the urban food basket (Schwindenhammer & Gonglach, 2021).

In fact, UA is a vital response to the growing food demand, and aims to reduce the risk of food insecurity faced by the urban populace, particularly in low-income urban areas because it enables them to spend less money on food (FAO., 2019). Urban agriculture in recent times is gaining popularity as a means of achieving global food security (Pham & Turner, 2020). Importantly, the link between global food security and UA as alternative farming focuses on small-scale local food production in the urban or peri-urban context (Nigussie et al., 2021). As a consequence, both policy and scientific literature have called for greater attention to be accorded UA bearing in mind its contribution to meeting the need for global food security (Davies et al., 2021). Urban agriculture is widely discussed across several knowledge-driven platforms like international fora and symposiums, scientific conferences among others seeking to find solutions to the rising food insecurity situation in tandem with the growing population. The consensus is that; city dwellers have to work towards producing some of their food requirements by leveraging on the few unbuilt urban spaces to engage in agricultural activities. There is also another group of scholars that argue that city planners should create space for urban agricultural activities (Davies et al., 2021). In so doing, it is believed that the overdependence on the countryside to supply the teeming urban populace with all their food requirements would be addressed (Komninos et al., 2019). Urban populations consumes a larger proportion of the global food produced—feeding the estimated 9 billion people in the world by 2050 will be a challenge considering the fact that about 66 % of this population is expected to live in cities (Meng et al., 2018). Indeed, if there is any sub-region that needs to emphasize increased participation in UA towards meeting the food requirement of the rising urban population, Africa should be the first point of call. In Africa, population growth continues unabated with the cities being the major areas of attraction to the youth (Saleh, 2021). In fact, Africa’s population has demonstrated an increasing trend for the past two decades (i.e., from 2000 to 2021). In 2000, the population increased by 285, 998,  and by 630,148 in 2021, and it is projected to increase by 722,047 in 2026  (Saleh, 2021). 

Urban agriculture production is confronted with several challenges. One of them is land grabbing in urban agriculture refers to the acquisition of land, often through coercive or exploitative means, for commercial or speculative purposes, leading to the displacement of urban farmers and loss of agricultural (Borras et al., 2020). Land grabbing not only displaces urban farmers but also exacerbates food insecurity, undermines local food systems, and contributes to social inequality and this calls for policies on land rights of urban farmers, promote equitable access to land (Neef et al., 2023). land grabbing leads to land acquisition insecurity through informal land tenure arrangements, unclear property rights, and the threat of eviction undermine the sustainability and productivity of urban agriculture initiatives (Geyer, 2023). Community-led initiatives that resist land grabbing, assert land rights, and promote sustainable urban agriculture practices are ways of addressing land insecurity in urban agriculture (Elizabeth, 2024). In terms of planning deficiencies, urban agriculture is affected by inadequate land use policies, zoning regulations prioritizing non-agricultural uses, and failure to integrate urban agriculture into broader urban development strategies (Živanović Miljković et al., 2022). There are no coordinated efforts among urban planners, water managers, and agricultural stakeholders to develop policies and interventions that promote sustainable urban agriculture (Piso et al., 2019). Access to water for agricultural purposes is a critical challenge in urban areas, where competition for water resources is high and infrastructure for irrigation may be lacking and urban farmers use waste water for irrigation (Magwaza et al., 2020).Participatory decision-making processes that engage diverse stakeholders in shaping urban agriculture policies is needed (Gómez-Villarino et al., 2021).

[bookmark: _Hlk117438316]In Ghana, many cities are becoming more urbanized than before. Currently, Ghana’s population stands at 30,832,019 people and about 17,472,530 of them live in urban settlements (Ghana Statistical Service, 2021), and depend much on the rural areas for their food needs. The Upper West Region’s population is about 901,502 and the Wa Municipality has about 200,672 residents with 143,358 urban dwellers (Ghana Statistical Service, 2021). The continuous increase in population of the Wa Municipality is  associated with high food demand, and the rural areas are looked up to, to provide the food requirements of the city (Osumanu et al., 2019; Ahmed et al., 2020). In addition, some urban dwellers in the Municipality are making efforts to produce food using backyard gardening and other available lands  (Ghana Statistical Service, 2021). Staple food crops are usually cultivated in support of urban food demands including the rearing of farm animals. Nevertheless, these urban farmers are not free from the effect of climatic change and variability. The rainfall pattern in northern Ghana, particularly the Upper West Region is quite erratic coupled with rising temperatures, and the outbreak of pests and diseases (Ahmed et al., 2020), and this affects food crops such as maize, groundnuts and millets and animal production including goat, sheep and poultry (Pretty, et al., 2018; Akoto-Danso et al., 2019; Napogbong et al., 2021). This requires critical attention from development partners including the Government of Ghana to include urban farmers in climate change and variability adaptation programmes and projects. Over the years, Ghana has implemented several policies and programmes towards promoting agricultural growth; some of these include the Food and Agriculture Sector Development Policy (FASDEP I and II), the Medium-Term Agricultural Sector Investment Plan (METASIP I) (2011-2015) and METASIP II (2014-2017), the Planting for Food and Jobs (PFJ), Rearing for Food and Jobs (RFJ) and Planting for Export and Rural Development (PERD). In fact, of the six major components that constitute METASIP I, it was only one component that emphasised urban agricultural activities—calling for “support to urban and peri-urban agriculture” (Tanko et al., 2019a) as supplementary means to meeting the food demand of the rising urban population in Ghana. Also, the METASIP II policy document mentioned urban agriculture in just a paragraph with a focus on food safety (Pauw, 2022). Further, although the PFJ, which is presently Ghana’s major agricultural policy directive (Tanko et al., 2019b), has some dimensions of urban agricultural activities in the policy document, greater emphasis is placed on supporting rural farmers with farm input, such as subsidized fertilizer, pesticides, improved seeds, livestock among others. Against this backdrop, some urban scholars like Ayerakwa et al. (2020) posited that urban agriculture has not been prioritized in Ghana’s agricultural policy trajectory. In addition, the Government of Ghana agriculture adaptation to climate change polices like the National Adaptation Plan (NAP) has climate adaption strategies (Environmental Protection Agency, 2018). However, little attention is accorded to how urban farmers are adapting to the ravaging effect of climate change on the agricultural practices.

Considering the dire consequences of climate change and variability on food production, urban farmers have to devise adaptation strategies to avert climatic stressors (Schwindenhammer & Gonglach, 2021). To enable urban farmers to adapt to climate change and variability impacts, there is a need to critically understand the characteristics and prospects of urban agriculture and its key dimensions to help sustain it by opening up opportunities for crops and animal production in the Ghanaian cities in a resilient way (Napogbong et al., 2021). The adaptability of urban food production is a bridging concept in the age of climate change/variability in light of urban agricultural production (Shah et al., 2021; Serrano et al., 2021). Unfortunately, in most cases, interest is placed on farmers in rural areas for sustainable and resilient food production against climatic variability because their work is considered significant in contributing to the food basket (Gulyas & Edmondson, 2021). However, some scholars have argued that if actors commit to supporting and promoting climate change adaption strategies among urban farmers, urban food crops and animal production has the potential to increase despite the increasing climate change and variability impacts (Sullivan et al., 2019). This can be achieved through the integration of  crops and animal production in urban neighbourhoods by mainstream urban agriculture into development planning and climate change and variability adaptation strategies (Harris, 2018; Komninos et al., 2019). Urban food crops and animal production and climate change adaptation strategies by urban farmers are less prioritized by policymakers, particularly in Ghana (Harris, 2018). There is therefore the need to incorporate the issues of urban farmers’ climate change adaptation strategies to farming in the realm of affairs in Ghana’s agricultural policy discourses. This is a useful approach in the sustainable utilization of land in an urban environment  and a more healthier way to promote education and a better understanding of the prospects of urban food production  (Lohrberg et al., 2016). Indeed, there is limited data and empirical studies on urban farmers’ adaptation practices in the era of climate change and variability. To accentuate this, it is therefore imperative to assess how urban agricultural producers are adapting to climate change and variability in meeting the food needs of Ghana’s city residents. 

[bookmark: _Toc167379848]1.2 Problem Statement
Urban agriculture is gaining popularity in the ever-expanding cities in Ghana such as Accra, Kumasi, Tamale, and Wa (Karg & Drechsel, 2018; Mackay, 2018; Osman et al., 2018). Nonetheless, urban farmers receive less attention in policy discourses in the country. Urban farmers in the Wa Municipality use the available undeveloped spaces, either close to their neighbourhoods or in distant locations within the urban core zone for growing crops and rearing animals. They cultivate staple food crops such as vegatebales, legumes and cereals as well as raising of livestock The aim is to contribute to addressing the increasing urban food demands, boost incomes, and improve wellbeing. Notwithstanding, these urban farmers are faced with a host of challenges of which prominent among them is the impact of climate change on their agricultural activities.  

Urban farmers in the Upper West Region, particularly the urban core of Wa are vulnerable to climate change and variability stressors such as unreliable rainfall and high temperatures. The humidity in region is about 48.5%. `Consequently, the average annual precipitation is 58.0 millimetres (2.28in). The region records 5 months of active rainfall which is between mid-April to ending of September. This followed by 7 months of no rain—October to mid-April (Agency, 2022). Meanwhile the Wa town experienced climate variability within the Savanna Ecological Zone as temperature increased from 170C to 270C over the past 53 years (Adiku et al., 2017). Furthermore,  in the past decade, the average minimum temperature is 28.00 C while the average maximum temperature is 41.00 C. In recent times the region records an average annual higher temperature of 35.40 C and average annual minimum temperature is 23.50 C (Wa Municipal Assembly, 2021). Due to the aforementioned climatic variability experienced in Wa, urban farmers are unable to accurately predict the rainfall pattern and plan for productive cropping. While climate change adaptation strategies are highlighted in the literature as ways of overcoming the adverse effect of climate change on agricultural production (Mwinkom et al., 2021), policy interest and attention is always on the rural smallholder farmers. Mounting evidence from the scientific literature shows that agriculturalists with less knowledge and information about the prevailing climatic dynamics are more vulnerable to climate change, and this affects their agricultural production (Djido et al., 2021). It is therefore imperative for urban farmers’ knowledge of climate change and adaptation strategies to be given critical attention in both policy and scientific discourses. 

Indeed, many empirical studies have been conducted on the urban landscape in Ghana with a focus on thematic areas such as the spatial-temporal growth and expansion of urban areas (Osumanu et al., 2019; Ahmed et al., 2020), land use land cover change and consequential implications, impact of urban growth on peri-urban agricultural activities and livelihood dynamics (Toku et al., 2021; Ahani & Dadashpoor, 2021), urbanization and urban livelihood transformation (Korah et al., 2018;  Bonye et al., 2021) and the impact of urban growth on terreterial ecosystems degradation (Oduro-Appiah et al., 2022). However, the broader subject matter of climate change impact on urban agricultural activities and urban farmers’ adaptation strategies are under-research. In addition, scientific studies on the characteristics and spatial distribution patterns of urban agricultural activities are limited. Also, little is known in the steadily growing scientific literature about the socio-economic determinants of urban dwellers’ participation in urban agricultural activities. This study therefore seeks to bridge the knowledge gap by investigating the urban agricultural practices and how urban farmers are adapting to climate change and variability stressors in the Wa Municipality. This study also assesses the dynamics of urban agricultural activities, the challenges, and implications for food supply in urban Wa. It placed emphasis on how crop and animal producers in the city of Wa, the regional capital of the Upper West Region are practicing urban farming and their strategies of adaption to climate change and variability. 

[bookmark: _Toc167379849]1.3 Research Questions
[bookmark: _Toc167379850]1.3.1 Main research question
The main research question is how urban farmers are adapting their agricultural practices to climatic stressors in the Wa Municipality?  
[bookmark: _Toc167379851]1.3.2 Sub-research questions
1. What are the characteristics of urban food crop and livestock production?
2. What are the spatial dimension of urban food crop and livestock production?
3. How do socio-economic factors influence urban dwellers' participation in urban agriculture?
4. How do urban farmers adapt to climate change/variability stressors?

[bookmark: _Toc167379852]1.4 Research Objectives
[bookmark: _Toc167379853]1.4.1 Main research objective
The main objective is to assess urban agricultural practices and farmers’ adaption to climatic stressors in the Wa Municipality
[bookmark: _Toc167379854]1.4.2 Specific objectives
1. To identify the characteristics of urban food crop and livestock production
2. To analyze the spatial distributions and patterns of urban food crop and livestock production 
3. To determine the socio-economic factors that influence urban dwellers' participation in urban agriculture.
4. To explore the climate change adaptation strategies of urban farmers.

[bookmark: _Toc167379855]1.5 Scope of the Study 
Geographically, the study took place in Wa, the capital of the Upper West Region of Ghana. The study area, Wa is found in the North-western part of the country and is located in the Wa Municipality of the Upper West Region. The study emphasized smallholder farmers’ production activities within the urban setting. The activities include crop and animal production. Specifically, the study focuses on the characteristics of urban agriculture, the spatial patterns of urban agricultural production, the socio-economic drivers of participating in urban agricultural activities and urban farmers’ climate change adaptation strategies. The study spanned January 2021 to December 2023.

[bookmark: _Toc167379856]1.6 Significance of the Study
The significance of urban agriculture is unmatched. For instance, the findings would go a long way to enhance the attainment of the Sustainable Development Goals (goal 1 – ending all forms of poverty. For instance, urban agriculture serves as source of urban farmers’ income and livelihood (Alimba et al., 2020; Ayerakwa et al., 2020b). Also, goal 2- zero hunger can be achieved as urban agriculture ranges from contributing to food security (Smart et al., 2015; Omondi et al., 2017; Battersby & Watson, 2018; Chihambakwe et al., 2018; Alimba et al., 2020). Again, goal 11- achieving resilient and sustainable cities and communities, and goal 13- combating climate change and variability impacts). The achievement of this goal is seen in term of waste assimilation (Korbéogo, 2018) to ecosystem restoration (Ferreira, Guilherme, Mendes, et al., 2018). 

The study significantly contributes to the understanding of the spatial distribution of urban food production across the urban space for the purpose of urban planning policies. Understanding the socio-economic dynamics that enable the participation in urban agriculture gives insight on the steps to promote urban crops and animal production. It gives directions on policy formulation on agriculture and climate change adaptations strategies in light of urban agricultural practices. Again, the findings of the study are useful for urban planning and agricultural policies by way of integrating agricultural practice into urban land use planning. To add to the above, the findings will also serve as an opportunity for non-governmental organizations (NGOs) and civil society organizations (CSOs) to give the needed support to urban farmers to increase production while sustaining environmental integrity. It will be useful for future research as a reference material for agriculture, climate change, and urban planning, especially in the interdisciplinary research fields. It will also guide future researchers to explore knowledge gaps in the area of urban planning and agricultural production. 

[bookmark: _Toc167379857]1.7 Organization of the Study
The thesis is organized into eight chapters. Firstly, chapter one contains the background of the study, problem statement, research objectives and questions, scope and the significance of the study. Chapter two of the study consists of a review of scholarly literature based on the research objectives outlined above, the theoretical underpinning of the study, and conceptual issues to follow. Chapter three is made up of the study methodology consisting of the study area profile, the philosophical debate underpinning the study which informs the research approach and design, methods and tools of data collection and analysis as well as ethical considerations. Chapter Four presents the results and discussions of objective one which is on the characteristics of urban agriculture. In chapter five, the results and discussion of objective two; that is, the spatial distribution patterns and dynamics of urban agriculture are presented. Chapter six presents the results and discussions of objective three which looked at the socio-economic determinants of participating in urban agriculture.  In chapter seven, the results of objective four which is on urban farmers’ climate change adaptation strategies are presented and discussed. Lastly, chapter eight contains a summary of the major findings, conclusions, and recommendations. The recommendations are in two sections; recommendations for policy actions and practices as well as recommendations for future research. 

[bookmark: _Toc167379858]1.8 Limitations of the Study
This study is limited in the following ways: Firstly, the study did not quantify the production level of urban farmers in the era of climate change and variablility stressors. Secondly, the study did not look at food security issues among urban farming households which is critical in a study of this nature. 

















[bookmark: _Toc167379859]CHAPTER TWO 
[bookmark: _Toc167379860]LITERATURE REVIEW 
[bookmark: _Toc167379861]2.1 Introduction 
This chapter of the thesis presents the empirical literature review of thematic areas about understanding and identifying gaps in the realm of urban agricultural production in the era of climate change. It covers sustainable urban development and livelihood implications, the impacts of urban land and uses on urban agricultural productions. Others include the impact of climate change on urban food production, and the missing links between urban food production and climate change adaptations. Emphasis is also laid on dimensions of urban agriculture, urban agriculture, and food production. The chapter ends with some conclusions made from the review exercise. 

[bookmark: _Toc167379862]2.2 Conceptual Overview 
[bookmark: _Toc167379863]2.2.1 Urban and urban agriculture 
An urban area according to Wikipedia Encyclopedia is considered to be a human community with a high population density and built-up area, or urban agglomeration. Due to urbanization, urban areas can be classified as cities, towns, conurbations, or suburbs. The terminology, "urban area" in the study of urbanism differs from rural areas like villages and hamlets (Fang & Yu, 2017). Therefore, the urban concept is debatable. In many countries, an area's criteria differ according to the statistical definitions in terms of population size and economic engagements. For instance, Ritchie and Roser (2019) said a locality that qualifies as an urban area in Argentina is an area that has not less than 2,000 inhabitants; in Sweden, it is localities having more than 200 people with houses spaced 200 meters apart. Similarly, they also indicated that within the African context, some urban areas in Zimbabwe are localities with less than 2,500 inhabitants living in compact settlement where 50% or more of the people are engaged by the non-agricultural sector. For this study, the Ghana census definition is used, and an urban area is said to be taken as a geographical area with a population of 5000 people or more (Ghana Statistical Service, 2021). 

The term urban agriculture (UA) represents different meanings in terms of explanations but in reality, they all boil down to the same idea. For example, UA is the cultivation of crops and raising of farm animals in small urban spaces for own consumption or sale for income (FAO, 2020). Also, UA is the growing of crops or rearing of livestock, or both within cities either on large or small scales (Taguchi & Santini, 2019). Similarly, Wagstaff and Wortman (2015) argued that urban agriculture represents all activities in agricultural production within cities including production and non-production. Urban agriculture is the production, processing, and supply of foods in urban neighbourhoods (Alimba et al., 2020). Urban agriculture takes many forms such as ground-based outdoor gardens and farms, indoor production using rooftop gardens, businesses in the form of landscaping nursery as well as livestock production (Pham & Turner, 2020). Urban farming in this study is the growing of food crops and rearing of farm animals in any available urban space. 

[bookmark: _Toc167379864]2.2.2 Climate change and climate change adaptations 
Climate change is understood differently by different people but all depict a single idea. Climate change refers to long-term alterations in global temperature and weather patterns (Hallegatte et al., 2020). Also, it is the long-time changes in weather elements of which the causes are affiliated with anthropogenic activities (Maccracken, 2019). A dangerous climate is therefore any weather changes in terms of precipitation, temperature, or any of the weather elements that extremely affect life and properties, especially livelihoods like agricultural production (Schneider, 2001). Climate change is defined as a shift in the climate's state that can be determined (e.g., by statistical tests) by changes in the mean and/or variability of its attributes and that lasts for a considerable amount of time, usually decades or longer (IPCC, 2018a). The definition of climate change in this study is that it is the change in the average weather element; either positive or negative change of a place, studied over some time, 30 years at the minimum on the one hand. On the other hand, climate change adaptation is the process of adapting to the current or predicted environment and its impacts to minimize harm or take advantage of advantageous chances (IPCC, 2018b).

[bookmark: _Toc167379865]2.3 History of Urban Agriculture 
Ever since cities were founded, urban agriculture has become increasingly important as a means of enhancing food security and sustaining the lives of urban populations (Omondi et al., 2017). Throughout history and the world, urban agriculture has thrived in a variety of different ways, depending on the location, the accessibility of tools, and cultural preferences. Urban populations in developing countries have been fed by multi-story arrangements of trees, bushes, and herbaceous plants in backyard gardens for thousands of years. High levels of biodiversity are supported by a variety of products produced by these specialized agroforestry systems (Curry et al., 2014). During the Middle Ages, the practice of cultivating fruits, vegetables, medicinal herbs, and cut flowers in kitchen gardens increased in popularity throughout Europe. Generally speaking, Machu Picchu serves as an illustration of a city built to support food production in the 16th century, complete with terraces, irrigation, waste management systems, and food storage, in addition to other critical infrastructure. Around the world, urban agriculture systems have developed to fulfil the demands of people who live in modern cities (Lohrberg et al., 2016). There have been numerous unique occurrences reported, mostly in underdeveloped countries in Southeast Asia, Latin America, and sub-Saharan Africa (Orsini et al., 2013; Harwood, 2020). These facilities typically focus on improving the lives of the needy in cities by giving food. Providing food for consumption, lowering food costs, diversifying sources of income, and empowering the underprivileged are often the main goals when trying to improve the lives of the poor in urban areas. The demise of the Soviet Union, which terminated the extensive trade between Havana, and Cuba has supplied the city with the most remarkable example of urban agriculture in recent years (Shackleton et al., 2021). Missed opportunities to import petrochemicals, machinery, and food, as well as lower export earnings (particularly from sugarcane), all hurt Havana. Urban agriculture in Havana increased 38% yearly on average from 1997 to 2003, generating. A substantial portion of the production has been done in "organoponicos," which are raised beds that can be built on nearly any piece of land and are filled with a mixture of soil and organic materials (Amao, 2020). The majority of the land inside the city limits of Havana (including adjacent rural areas and urban fringes) has been used for urban agriculture. The numerous advantages that urban agriculture may offer have attracted the attention of numerous communities in wealthy countries (Fernandez, 2017). Planning or policy initiatives have been implemented to encourage food production within city limits, with a significant focus on the social roles that urban agriculture fills. For instance, Montreal is a city with a successful system of urban agriculture, with 97 communal gardens offering 8,200 distinct plots. These garden areas have received appreciation for their benefits to neighbourhood social interaction, individual empowerment, and increased technical knowledge. Multifunctional urban agriculture, a new trend in food production that Beijing is adopting, has resulted in the growth of enormous greenhouses and organic, diversified farms throughout the city (Harwood, 2020). Many agricultural fields have been preserved for the sole purpose of generating food in Shanghai, China, which is recognized as the birthplace of urban agriculture. 90% of the eggs and 60% of the vegetables are consumed worldwide by city inhabitants (McClintock & Simpson, 2018). There are roughly 1,200 garden plots, or 0.65% of the total land area, in the Terrassa municipality of the Barcelona Metropolitan Area. Even though many of these locations are occupied illegally, they still provide for a considerable portion of the vegetable needs of home gardeners, and 350 hectares of land are designated for urban gardens, and there are 250,000 communal and allotment gardens spread throughout 4,000 ha of land in the Netherlands (Orsini, 2020). Urban agriculture is undoubtedly still a significant and extensive sector in many areas. 

[bookmark: _Toc167379866]2.4 Characteristics of Urban Farming
Urban agricultural production is characterized by many components. These range from the site and ownership of the farms (private/public) land, to residential yards, and uncompleted building structures as just a few city authorities incorporate urban farming into planning (Poulsen et al., 2017). Similarly, other places such as parks, schoolyards, cemeteries, and churches are all suitable locations to encourage food production. Firstly, most urban areas include a few tiny patches of shared or public green space, which offer urban agriculture a substantial chance to thrive as a part of the ecological infrastructure. Urban gardening may also be practiced in the open space (Mack et al., 2017). Even minor improvements can make a big difference when city dwellers are aware of the connection between the food they consume and the environment. Farmers could, for instance, plant a small orchard in a park, replace street trees with fruit trees, grow herbs and vegetables in pots, or make a hedge of fruiting plants (Al-Kofahi et al., 2019) Secondly, urban farming is done on private parcels inside city limits, where one can find urban agriculture efforts, which can range from small backyard vegetable gardens to highly successful entrepreneurial farms. Urban market gardens, which are tiny farms that grow high value produce, are perfectly positioned to support the specialty markets in the area and lessen the need to export goods over great distances (Kirsch et al., 2022). The techniques that landowners can employ to keep a profitable farming enterprise running include increasing their ownership of land to increase manufacturing, intensifying manufacturing by developing substitute high-value crops, layering valuable products on top of the current operation, or starting new businesses that support the farm. For city inhabitants who enjoy being outdoors and using their hands to create things, market gardening might be a significant source of income and a distinctive way of life (Snyder et al., 2016). A variation of the community garden system known as small plot intensive involves intensely producing high-value crops on sub-acre plots with low equipment investment. As a result, customers can directly communicate with farmers and learn about the risks associated with operating an agricultural enterprise. Al-Kofahi et al. (2019) said that around 50% of the city gardens are utilitarian, while 21% are aesthetically designed, and 53% are categorized as side yards. Urban gardening practices are evolving through emergent approaches and the use of diverse materials and components in garden construction (Lal, 2020). Constructing urban soils using locally sourced materials can mitigate lead exposure and promote community gardening in urban areas.

According to this claim, it is crucial to consider the physical characteristics of urban agriculture gardens, such as the size of the plot or constructed area (Khan et al., 2018), the topography, and how they connect to the surrounding public space, such as the presence of fences (Tapia et al., 2021). It is also essential to think about how the garden or plot will blend in with the surrounding urban environment. The scale and nature of urban agriculture can vary in the city, such as intra-urban spaces, and depending on whether the garden is located on marketable land with other possible applications or non-marketable agricultural land with very little public content (Sroka et al., 2021). Urban gardening also takes place in residents’ yards and built-up structures within cities. Residential yards can be used to grow food, either for the household's needs or to share with nearby friends and neighbours. In most cities, backyard vegetable gardens, which may have long been a common sight in city yards, are regaining popularity as people become more aware of the need for fresh, healthful food. In the built-up structures, there are special technological designs that help farming to take place (Prayitno et al., 2021). Sustainable land use planning should take into consideration the existing infrastructure, including the buildings themselves, because urban agriculture presents a rare chance to include agricultural enterprises in unanticipated places. Prototype projects to integrate intensive farming into multi-use, multi-level urban buildings have been proposed from a more futuristic perspective. to integrate intensive farming with other urban settings, such as houses and workplaces (Shackleton et al., 2021). Fields, orchards, and other vegetative elements could be suspended using the construction technique. It is based on a dragonfly's biological structure.  The recycling of biodegradable waste and energy efficiency are two further features of this ecological design. The Vertical Farm Project promotes architectural ideas that integrate food production into substantial structures and offers a web-based forum for showcasing designs and related concepts. There are various opportunities to retrofit existing structures with the necessary technologies to enable food production, even though the futuristic conceptions serve as architectural inspiration for new development. Many cities have flat rooftops that are ideal for urban gardening (Contesse et al., 2018). On green roofs, which are buildings specifically built or modified to retain growth materials, allow drainage, and support plant life, edible plants can be cultivated. The planting possibilities would be limited to hardy species like herbs due to the challenging conditions plants are subjected to on rooftops (such as wind exposure, drought, and extreme temperature changes). Again, flat rooftops can also be altered to allow room for greenhouses that employ hydroponic or soil-based growth methods. Instead, you might cultivate veggies on a solid surface (Ayambire et al., 2019).

[bookmark: _Toc167379867]2.4.1 Challenges urban agriculture pose to cities 
Urban agriculture, while offering numerous benefits such as improved food security, community cohesion, and green space utilization, also presents various challenges to cities. Firstly, urban agriculture can develop land use conflicts—urban agriculture competes for limited land resources within cities, leading to conflicts with other land uses such as residential, commercial, and industrial zones (Engel et al., 2019). This conflict can hinder the expansion of urban agriculture and its integration into urban planning processes. There is also the possibility of resulting in environmental risks—some urban agricultural practices, such as the use of chemical fertilizers and pesticides, can pose environmental risks such as soil contamination and water pollution (Gulyas & Edmondson, 2021). Improper waste management in urban farms may also contribute to pollution and health hazards (Ferreira et al., 2018). It is also noted that urban agriculture may raise concerns about food safety and hygiene, particularly regarding the handling and consumption of produce grown close to urban pollutants (Seretse et al., 2024). Contamination risks from soil, water, and air pollutants need to be addressed to ensure the safety of urban-grown food. Access to land, resources, and knowledge necessary for successful urban agriculture may be unevenly distributed across socio-economic groups, leading to issues of social equity and inclusion (Abdulmunem et al., 2023). Low-income communities may face barriers to participation in urban agriculture due to factors such as land tenure insecurity and lack of access to technical support. From gentrification pressures, the popularity of urban agriculture in revitalizing neighbourhoods can contribute to gentrification dynamics, leading to increased property vaulues, displacement of long-term residents, and loss of community identity (Martin-Moreau & Ménascé, 2019). This poses challenges to maintaining socio-economic diversity and affordability in urban areas. Inconsistent or restrictive zoning regulations, lack of supportive policies, and bureaucratic hurdles can impede the development and sustainability of urban agriculture initiatives (Duží et al., 2017). Clear and flexible regulatory frameworks are needed to facilitate the integration of urban agriculture into urban planning and governance structures. Although urban agriculture holds great promise for sustainable urban development, it is essential to address these challenges through holistic planning, effective governance, and community engagement to realize its full potential in creating resilient and inclusive cities.

[bookmark: _Toc167379868]2.5 Sustainable Urban Development and Livelihoods Implications of Urban Agriculture 
Recently, scholars have presented broader perspectives on the effect of urban growth on food crop production in developing countries. For instance, Ziem et al. (2021) conducted a study on how urban expansion and agricultural land use impacted households’ food security in the Wa Municipality and found that spatial expansion of the urban frontier has consequential effects on the reduction in agricultural lands. Thus, these authors found that urbanization within the last thirty years has resulted in the loss of about 25.5km2 of agricultural land which has been converted to built-up areas. Consequently, the continued conversion of agricultural lands to settlements or built-up areas may have dire implications for food security in the Wa Municipality. Elsewhere in the North-West Region of Cameroon, specifically, Gwan and Kimengsi (2020) examine the relationship between urban expansion and consequential livelihood change patterns in an agriculture-dominated locality. The finding from their study revealed a more nuanced debate on the relationship between urban growth and livelihood transformation among households. It was revealed that the conversion of farmlands into social infrastructure like housing, hospitals, and schools has adversely affected the income and general living standard of households. In addition, these farmers were deprived of their natural capital (healthy environment), compelling them to change their farming practices as well as decrease the sizes of their farmlands, affirming that urbanization has serious implications for the general well-being of urban farmers. In a related dimension, Ansah and Chigbu (2020) indicated that urban expansion is tremendously taking away the farming lands of families to individual developers for diverse usages. 

The upsurge in urban food prices due to a decrease in urban crop harvest in most developing countries evidently in cities is partly caused by the continuous transformation of urban-agricultural lands into developmental projects (Azunre, Amponsah, Peprah, & Takyi, 2019). This implies that if such conditions persist for some time the cost of living in urban centres will become quite unbearable for urban and peri-urban dwellers in developing countries. In a similar dimension, Diehl et al. (2020) asserted that the insecurity of food in most cities and their peripheries as a result of far devastating of urban-agriculture lands impetus by developmental policies invites critical deliberations among various stakeholders against posterity. The claims of these scholars is that though farming (agriculture) is the main indicator of food for urban inhabitants, its production and accessibility are being compromised as a result of the transformation of urban-agricultural lands for construction and other non-agricultural purposes (Kuusaana & Eledi, 2015).  The increase in demand for lands in the urban centres breeds the incessant diversion of peri-urban and urban agricultural lands for the construction of developmental projects and this has a dire impact on the constancy in the supply of food, usage of food, and food availability (A. Ahmed et al., 2020).In recent times many urban and peri-urban farmers are progressively compelled to move to rural areas to continue their farming activities. As indicated by Abass et al. (2018), the numerous farmland problems that smallholder farmers in urban communities encounter are gradually shrinking their size in urban centres. They stressed that the livelihoods of farming households in the urban centres are at risk if policymakers and implementers do not get an antidote to the rising loss of urban and peri-urban farmlands to developers. In the illustration, Patil et al. (2016) in his study noted that the sprawl of most urban centres led to farming households in urban centres losing their occupational farmlands, which further serve as a catalyst to the different difficulties urban farming households residents face after they go back to the rural communities to earn a livelihood.
In their study of the influences of urbanization on urban sustainable development Shao et al. (2021), realized that the high rate of population growth and its accompanying implications have broadly affected urban ecology. Such a notion clarifies that the urban vegetation and issues of biodiversity are likely to be compromised by the numerous constructed structures which automatically conceal the vegetation, preventing it from its natural function of confiscating emissions from the factories and other human activities in the cities. This will spontaneously affect the livelihood of urban dwellers most especially those in agricultural productivity, as their agricultural outputs will be negatively affected. In observing the effect of urban sprawl and the impact on the availability and access to food and water, (Kousar et al., 2021) emphasized that population growth and construction expansions in urban centres have some dire consequences on the availability and access to water which also serve as a major source of irrigation for urban agricultural activities. As such it has affected the productivity of urban farmers whose livelihood depends solely on agricultural activities (Jaitiang et al., 2021). Incongruent with the above position, urbanization is married to the livelihood of urban agricultural activities and it is seriously the entire livelihood of all urban dwellers irrespective of status in varied ways. Agricultural activities are losing firm ground in most urban and peri-urban centres because of the array of agricultural hecklers that move along with urban expansion. There is income inequality and distribution among urban farmers, indicating a significant disparity in earnings within farmer groups (A. Kumar et al., 2021). They further indicated that understanding income inequality among urban farmers is crucial for designing effective policies and interventions to promote equitable and sustainable urban agriculture practices.

[bookmark: _Toc167379869]2.5.1 Impacts of urban land use on urban agriculture 
Although it has many advantages for both individuals and communities, urban agriculture is frequently disregarded in regional and urban planning. Land use planners typically view agricultural regions as potential destinations for future development rather than chances to maintain farms or incorporate new production functions into urban surroundings (Diehl et al., 2020b). Planners and governments frequently miss possibilities and issues within the entire food system since they are typically not involved in the production operations of agriculture. It has been observed that there is a widening gap between urban dwellers and the agricultural landscapes that support them as a result. The globalized economy, which promotes the importation of food from distant countries, aggravates the situation. Although urban dwellers rely on food from other rural areas, the integration of urban farming and land use planning is a strategy that controls communities of control and negatively impacts long-term food security (Langemeyer, et al., 2021). Any unplanned disasters or disruptions at different stages in the food systems chain, from production to transportation and distribution pose a risk to an entire community that depends on food supplies from far places. Planners are missing a huge opportunity to employ something as essential and fun as food in their attempts to create healthy communities that promote a high quality of life by ignoring activities linked to community gardening. One of life's most fundamental needs, food, has been almost entirely disregarded in community-building efforts (Benis & Ferrão, 2017). Community gardens, for instance, are rarely valued equally with other open green spaces, making it difficult to include them in zoning or municipal planning processes to safeguard them. Due to their high consumer concentrations and disproportionately high proportions of the poor, urban regions often require the most work but also provide the greatest potential for integrating local food systems in development (Shackleton et al., 2021). Planners could significantly contribute to the development of urban areas with community gardens and other amenities because of their extensive perspective. Another alternative for urban design is to distribute food and garbage while taking resident accessibility into account. Urban planners have a unique chance to coordinate initiatives across sectors, enabling urban agriculture to fulfil its promise as a multifunctional and sustainable land use (Payen et al., 2022). The rapid increase in urbanization and its cascading infrastructural development on fixed lands risk losing agricultural lands to construction projects. This is very clear in the current decline in both urban and peri-urban agriculture lands. Concerning this a study by D’Amour et al. (2017) on the urbanization and the faith of agricultural lands in Kyoto City, revealed that most agricultural lands in the past decade have been diversified into built-up areas reducing the total agricultural lands in the city. That is the urban agricultural lands are now paving space for other purposes which will have impact on the productivity of urban agricultural workers as their farm-land-sizes are steadily reducing at an alarming rate in developing countries. 

Remarkably, Langemeyer, et al. (2021), in their report noted that the rate at which urban agricultural lands are converted to developmental lands has led to a decrease in the supply of food in urban centres exposing most of the urban dwellers to food insecurity. The emaciating level of urban agricultural lands has disadvantaged most of the urban dwellers whose major economic activity is agriculture making some of them who do not have access to agricultural lands lose their economic livelihood.  The pertaining land tenure system in the urban centres has paved the way for different urban farming practices and limitation to the production of certain specific types of products. Agricultural activities in the most modern centres manifest in flask/container farming, back-yard farming, farming on idle lands, farming on temporarily acquired lands, and planting vegetables and herbs (Ayambire et al., 2019). This limitation reduces the urban farmers' interest to decide on the type of crops to grow and type of farm practices to adopt. In a similar scenario, the rise in urban expansions resulting in scarcity of agricultural land in urban areas has called for the adoption of integrated land-use methods to help cope with the shortage of agricultural farmlands in the urban areas. This will also help ensure efficient and proper use of land in the built-up areas (Diehl et al., 2020a). Urban land use pattern changes in modern times are also aggravated by the land owners’ intent that the economic value for the conversion of urban-agricultural land is more profitable than the latter. Rondhi et al. (2018) in their study realized that the systematic loss of urban agricultural lands to urban developers jeopardized the land tenure system, ecosystem, and agro-biodiversity. The continuous construction activities in built-up areas inevitably expose the vegetation to the detractors of the environment. In a study by Thi et al. (2021), on the ways urban agriculture households’ lands are being affected by urbanization, the scholars revealed that the gradual relinquishing of urban agriculture lands to urban developers has subjected most of the urban agriculture folks to halt their usual production to floriculture as a means of economic survival. As floriculture does not need vast agricultural land to cultivate. This implies that urban farmers’ production of consumable goods to supplement that of rural dwellers will dwindle automatically. 

As evidenced by Ansah and Chigbu (2020), the adoption of land-use measures to normalize rapid urban development and avert land clashes in urban centres somewhat exacerbated family land conflicts and the tenure anxiety phenomenon. The scholars further argued that family members were always divided among themselves on the mode of land use in the urban centres. Some opted for agricultural lands to be reserved for its traditional agricultural purpose whereas others preferred to release family lands for urban development agents. Suchá et al. (2020), in a similar dimension, detected that urban agricultural lands are characterized by traditional and statutory land tenure disputes resulting from the broader range of interests in urban land from political leaders and customary owners for non- agricultural development. From the above, it can be denoted that the expansion of urban areas consequentially limits the availability and access to urban agricultural lands. Most agricultural lands in the urban centres have already been converted for the construction of infrastructure and other recreational facilities. The intense pressure of urban developers on landlords in the urban centres has subjected urban landlords to release family lands irrespective of the services that such lands provide for the family and the state as a whole Ansah and Chigbu, (2020). The scholars reaffirmed that families with lands in urban centres are most often divided on the ways that lands are released to urban developers creating tensions on the land tenure systems and land security. They indicated that the agricultural lands in the urban centres are being sacrificed for developmental projects without weighing the benefits that agricultural activities on such lands provide. The issue of swift population growth in urban centres has further subjected urban lands to the provision of built-up areas and other leisure facilities from which urban agricultural lands are not exempted.  This has then relegated urban farmers to the limited urban agricultural lands in their possession leading to low food production and extreme pressure on lands (Yoshida, 2020). 

In a similar vein, Wästfelt and Zhuang, (2018), indicated in their findings that the active variety of different and more profitable economic activities in the urban centres made farmers in urban centers lose their agricultural lands for non- agricultural purposes. This affects the sustainability of the production of food and other agricultural products in the cities, further making the livelihood of farmers in urban areas worse. As the supply of agricultural products decreases, demand will automatically increase affecting the prices of urban agricultural products. The state of urban agricultural lands has led to a decrease in food and compelled  urban farmers to shift to the rearing of poultry and farming vegetables purposefully for the family (Thi et al., 2021). Farmers in urban centres are engaging in the intensification of farming activities, networking socially, and income diversion to deal with the continuous loss of urban agricultural lands to investors (Gwan & Kimengsi, 2020).   In addition, some urban farmers who desire to maximize income from the limited acquired agricultural land tend to degrade the quality of the land. Farmers undertake over-exploitative farming practices for high-urban-value agricultural products such as inappropriate crop patterns which are improper for land management and conservation. Such agricultural lands easily lose fertility and with time become non-profitable for agricultural production. In affirmation, Payen et al. (2022), revealed that urban and peri-urban farmers’ production of grains reduced drastically because of the shocks that urban agricultural lands encountered from urbanization. The scholars reiterated that the loss of agricultural land use in the urban centres is engineered by factors such as economic and political conditions, demographic characteristics, planning, and related policies. Deng et al. (2020) and  Geng and Zhang (2021) argued that though urbanization made urban agricultural workers gain much income and increased the per capita agricultural gross domestic product, it negatively had immense population spill over on urban agricultural lands, turning peri-urban communities as a hub for most urban farmers. Urban agricultural production is part of mainstream urban planning in Brazil. Though agriculture is primarily an unofficial practice by migrant labourers in cities, it should be included in planning as a component of the main urban development plans (Anderson et al., 2017). This could be strengthened through “Preparing and enforcing spatial plans to address conflicts between peri-urban agriculture and human settlements” (Ministry of Environment Science Technology and Innovation (MESTI), 2013; UNEP & UNDP, 2013 pg 62).

[bookmark: _Toc167379870]2.6 Urban Agricultural Production and Climate Change Adaptation Strategies 
Urban agriculture can take many different forms, such as raising fruit trees, vegetables, medicinal plants, spices, and other beneficial plants, as well as raising poultry or animals to produce eggs, milk, meat, and wool among other goods. The common crop types that are grown in urban spaces are fruits such as watermelon, cereals like maize and rice, roots and tubers (yam and cassava), and vegetables in the form of okra, pepper (Allen et al., 2014). Similarly, their findings showed that home gardening is dominant in Ghanaian cities; farmers mostly cultivate staple food crops like maize but not perishable and or cash crops (Mackay, 2018). To mitigate the effects of climate change, urban farmers are taught agronomic methods such as seed sowing and nursery preparation for seedlings. However, farmers lack the resources necessary to encourage the production of urban food (Taguchi & Santini, 2019). Many urban dwellers are at food security risk as crops and animal production in their neighbourhoods are affected by climate change conditions in the form of drought and floods. Therefore, rainy season production is common. The solution to this is adoption of production practices to adapt to climate stressors (Nkrumah, 2018). Even though an ideal spot would have rich soil with enough nutrients and organic matter, many urban agricultural projects are started on poor soils or even impervious surfaces. Raised beds, bringing in the right soil, and adding additives are common ways to do this. Biochar increases yields in fertilized plots more than the non-fertilized ones. There is a direct relationship between a reduction in wastewater irrigation and crop yields. Biochar improves the concentration of potassium (K) and phosphorus (P) within plant tissues (Manka’abusi et al., 2019). Wastewater increases yields of urban farms more than clean water but there is a higher sequence of irrigation during the wet season. Wastewater fertilizes the land significantly with nutrient recovery as soil water is enhanced as a result of biochar application (Akoto-Danso et al., 2019). Common UA practices such as wastewater irrigation lead to the leaching of soil (Werner et al., 2019). In farmland preparations, raised beds are an effective method for vegetable production in urban agriculture, providing better soil quality, improved drainage, and increased accessibility for maintenance. Miernicki et al. (2018) emphasise the importance of land preparations in yield maximization amid climate change. For instance, they said raised beds offer opportunities for sustainable urban agriculture by promoting water conservation, reducing the use of synthetic inputs, and supporting community engagement. Raised beds' benefits include improved soil drainage, reduced weed competition, and increased accessibility for gardeners (Salomon, 2021). This is practical in vegetable production in urban agriculture, offering improved soil quality, increased crop yields, and reduced weed pressure.

[bookmark: _Toc167379871]2.6.1 Benefits and challenges of urban agriculture 
There is still a long way to go and a need for urban agriculture to be taken more seriously. Furthermore, it has been suggested that vertical farming could be a method for promoting urban agriculture in the country and opening the way for sustainable development (Kolagar, 2019). The availability of food close to the point of consumption is one of urban agriculture's most obvious advantages. Keep in mind that access to fresh produce may not always be a given for city dwellers at all times when urban farming is given the needed attention (Gulyas & Edmondson, 2021). When the product is consumed by the producer, there is greater access to wholesome, culturally appropriate food for the home. In other instances, a large portion of the food is sold through neighbourhood markets, generating income for locals and preserving the local economy. Urban agricultural systems can produce significant economic benefits if they focus on high-value crops and employ intensive production techniques (Battersby & Marshak, 2013). Urban agriculture typically serves more environmental goals and advantages to society as a whole. In addition, farming in the cities makes transit lengths shorter, requires less packing and processing, and ensures higher production input efficiency. Local food production and consumption balance also minimizes the amount of embodied energy in the food needed to feed the cities. Urban farming plays a critical role in waste assimilation as biodegradable waste is used as compost and manure as well as wastewater for irrigation (Nogeire-McRae et al., 2018). To promote and maintain productive lives and flourishing neighbourhoods, emphasis should be placed on the value of gardens and the multi-use of public space (Lal, 2020). There are ecological and aesthetic benefits of urban farming. Aside from biodiversity preservation particularly, incorporating native plants in the process, growing food on vacant plots beautify the environment. Beyond the advantages for the neighbourhood, gardening provides enjoyment and leisure for individuals who directly work in the food industry ( Recorbet, 2020; Gul, 2022). Urban gardening, especially for immigrant groups, may be very beneficial for a community in offering access to uncommon foods that improve its cultural background. Urban agriculture can improve access to fresh and healthy food, enhance community development, and provide opportunities for social and economic empowerment (Kennard & Bamford, 2020).

[bookmark: _Toc167379872]2.7 Urban Agricultural, Food Security and Livelihood Sustainability 
In meeting the high global food demands, urban agriculture is one of the mainstream strategies to supplement food production in rural areas (Alimba et al., 2020). This among all things helps in addressing food insecurity in the urban neighbourhoods. A person is said to be in a state of food security when they "at all times have physical, economic, and social access to sufficient, safe, and nutritious food that suits their dietary needs and food choices for an active and healthy life (Chihambakwe et al., 2018). Implementing urban farming practices can help address food shortages, provide access to fresh and nutritious produce, and promote self-sufficiency in urban areas (Ezeomedo & Egware, 2018). Urban agriculture can contribute to food security and local food production, while also providing multiple environmental and social benefits such as improved water management and community engagement (Miernicki et al., 2018). Likewise, urban agriculture contributes to sustainable food systems and enhances food security, but its success depends on consumer willingness to support and value locally-produced food (Knorr et al., 2018). However, they iterated that consumer behaviour plays a critical role in the success of urban agriculture, as consumer demand and preferences can drive the adoption and viability of urban farming initiatives. This sends the signal of understanding consumer preferences because locally grown and sustainable produce is essential for urban farmers to effectively market their products and attract a loyal customer base (Pham & Turner, 2020).

Food security measurement encompasses the availability, utilization, accessibility, and stability in terms of supply, accessibility, and utilization of the produce. As they increase the household's food security and acquire new information and technical skills, they feel more in control (Ezeomedo & Egware, 2018; Korbéogo, 2018). School gardens and other community projects can promote knowledge in areas like cuisine, nutrition, science, the environment, business management, and cultural awareness in addition to food production. Access to and availability of food from urban food prosecution increases the health status of urban dwellers (Battersby & Haysom, 2019). Urban agriculture can help fight obesity, diabetes, and poor nutrition which are common in many urban areas by enhancing the availability of wholesome, fresh food. By boosting their intake of fruits and vegetables, residents' diets are improved by taking part in community and school gardens (Ayerakwa et al., 2020). In addition to enhancing social inclusion, health outcomes, well-being, and food security (Edmondson et al., 2020), urban agriculture is anticipated to contribute to the Sustainable Development Goals.  Orsini (2020) further states that urban agriculture is viewed as a crucial tool for urban renewal and for fostering social innovation in cities. 

Davies et al. (2021) look into how urban agriculture enhances household food security in African cities and towns. This study demonstrates that urban agriculture has a limited impact on food security, in part due to the difficulties households face while attempting to engage in urban agricultural activities. These barriers typically relate to property rights, settlement procedures, and the location of a home in grocery stores (Osman et al., 2018). In addition to urban agricultural policies (or their lack thereof), the study demonstrates how urban planning and regulations affecting residential growth, land tenure, transit infrastructure, and retail placement, as well as urban agricultural policies (or their absence), can affect how readily individuals can produce, sell, and receive food (Taguchi & Santini, 2019). Urban agriculture can be very helpful in guaranteeing food security; therefore, it is vital to calculate yields and production potentials per unit of space. One of the key factors influencing food security is the stability of food prices. For instance, research (Lal, 2020) demonstrates that nations with the most erratic food production also have higher rates of worldwide food insecurity. A framework for evaluating food security has been created by the FAO's Committee on World Food Security Round Table on Hunger Measurement that takes into account the various aspects of food insecurity, such as availability, access, stability, and utilization (FAO, 2020). Since it was first established as a part of the framework for the Millennium Development Goals (MDG indicator 1.9), the FAO approach has undergone constant changes. Urban agriculture is important for guaranteeing local food security in both the Global South and the Global North, according to numerous studies (Grebitus et al., 2017). Urban agriculture has been used as a macro-level food security approach, but its efficacy has been questioned (Khumalo & Sibanda, 2019). Urban agriculture has the potential to improve food security by increasing access to fresh, locally produced food in urban areas. Urban agriculture can also promote food sovereignty and community resilience by empowering individuals and communities to have control over their food production (Siegner, 2018). Urban agriculture, particularly in low-income areas, can make a large financial difference to households to reduce poverty (Batitucci et al., 2019). 

[bookmark: _Toc167379873]2.8 Urban Agriculture and Climate Change Adaptation Policies 
In Ghana, urban agricultural practices include reliance on rainfall, wastewater, and streams for irrigation (Allen et al., 2014).  Urban agricultural contribution to global food demand cannot be overemphasised although there is little attention from policy formulators and implementers. This research takes urban agricultural policies to include how urban agriculture production policies are linked to climate change adaptations. Therefore, urban agricultural policies are formalized rules and regulations that are codified into a single document stating the intent for handling urban food production under climate change. It is argued that urban agriculture provides a remedy for vacant lands, increasing environmental sustainability while sustaining the livelihoods of city dwellers (Horst et al., 2017). Apart from meeting households’ food needs, urban farming serves as a jobs avenue for people who engage in it, probably, strong agricultural policies to that effect stand to increase the benefits (Anderson et al., 2017). Though, agricultural production in and around urban settings was common in the past, its formalization is a recent idea. Aside from policies and regulations, urban agriculture is influenced by strong competition for urban space, urban markets, and prices of land (Echendu, 2020). Urban agriculture plays a significant role in urban resilience and food security including social inclusion. Interestingly, agricultural policies focused on urban agriculture are more prominent in the developed world than in the developing countries (Raharja et al., 2021). In China, the city of Beijing has planning policies that take into consideration urban agricultural production (Feifei et al., 2004). For instance, there are designated farmlands, and green space and parks in the neighbourhoods meant for urban agricultural cultivation based on the Urban Master Plan; 2005 – 2020. Aside from this, the plan gave room for the integration of forestry and urban agriculture in the bid for climate change adaptation measures (Peng et al., 2015; Yang et al., 2016). Apropos to this, the designation of low-lying areas in city centers for urban agriculture prevents building in these areas which could cause flooding. Similarly, in the city of São Paulo (Brazil) as well as Lima (Peru), state authorities have integrated urban farming into social housing projects and slums upgrade programmes (Isaac et al., 2022). The programmes gave room for spaces meant for home gardening or community gardens including the planting of trees along streets to serve as shades, fruits, and parking lots (Raharja et al., 2021).  Narrowing down to Rosario (Argentina), the state gives tax incentives to landowners who lease out their unused lands for urban agriculture practices on one hand. On the other hand, vacant state lands are given to groups of urban poor on a lease either for short-term or medium-term arrangements (Özçatalbaş & Imran, 2020). This means that urban farming policies are pro-poor in Argentina where the poor are earmarked in accessing land for cultivation. The concept of rural and urban linkages in landscape development and planning is imperative in urban food crops and animals production in Africa (Blay-Palmer et al., 2018). Climate change adaptations became part of Ghana's national policies in 2010. Given this, the National Adaptation Plans (NAP) was developed to meet both short and long-term development activities under the United Nations Framework Convention on Climate Change (UNFCCC) (UNEP & UNDP, 2013). The UNFCCC is meant to address the climate change adaptation needs of developing countries. This is an attempt to build local level adaptive capacity in the attainment of the sustainable development goal (SDG) 13, and reduce poverty (SDG1), and improvement of gender equality (SDG5) (Ministry of Enviroenment Science Technology and Innotaion (MESTI), 2013). The UNFCCC for climate change adaptations include agricultural activities. Most of these activities are focused on how to build smallholder rural farmers’ capacity to adapt their works to the changing climatic variables such as rainfall and temperature. This has necessitated the introduction of development interventions to improve farmers’ capacity in the countryside. These developmental programmes and projects are propelled by both governmental and non-governmental organizations (NGOs). However, the concentration of development interventions does not reflect farming activities in the cities. 

Though the climate change adaptation strategy in the NAP of Ghana has not explicitly outlined how farmers in urban neighbourhoods could adapt to climate change there are some attempts (Environmental Protection Agency, 2018). In Ghana, the NAP aims at giving a framework to plan and implement climate change adaptation strategies. The strategies are four (4) frameworks that were formed in Ghana till the years 2018. The first among all was the 2012 National Climate Change Adaptation Strategy (NCCAS). The NCCAS to give a point of direction and coordination on climate change activities including adaptation measures in the country (Sarpong & Anyidoho, 2012). The policy seeks to achieve four basic objectives including effective adaptations, social equity in development, and climate mitigation. In addition, the policy tries to integrate climate resilience and climate-friendly development in all government agencies, ministries, and departments (Sova et al., 2014). The implementation of the framework does not define strategies targeting smallholder farmers within the countryside alone, but rather climate change adaptations in general. Nevertheless, development partners’ programmes and projects do not take urban farmers’ crop and animal production into consideration (Dazé & Echeverría, 2016). The thinking is that the rural environment is the food basket of the Ghanaian economy.  In advancing Ghana’s bid for climate change adaptation-related issues, the 2013 National Climate Change Policy (NCCP) and the 2015 Nationally Determined Contributions (NDCs) were formulated respectively. One of the prioritized areas in the NCCP is how to adapt agriculture to climate change while enhancing food security. This aspect of the NCCP policy target is on the following objectives; “Develop climate-resilient agriculture and food systems for all agro-ecological zones and develop human resource capacity for climate-resilient agriculture” (Ministry of Environment Science Technology and Innovation (MESTI), 2013; UNEP & UNDP, 2013 pg 62). Again, the policy is to achieve the underlined policy actions in achieving the objectives; “develop climate-resilient cropping and livestock systems as well as crop varieties and livestock breeds tolerant to flooding, drought and salinity” and promoting and supporting diversification in agriculture. This diversification is said to be in the form of crop and animal integration strategies as well as income generation [Ministry of Environment Science Technology and Innovation (MESTI), 2013; UNEP & UNDP, 2013 pg 62]. Drawing on these provisions in the policy, the ability of urban crop and animal producers to adhere to it depends on their knowledge base which could be propelled by interventions. The government of Ghana also formulates the climate change adaptation policy that reflects the National Climate Change Master Plan Action Programmes (NCCMPAP) from 2015 to 2020. The National Adaptation Plan (NAP) Framework was subsequently created in 2018. This framework opens the door for defining the nation's approach to its NAP process. It featured a synthesis of Ghana's adaptation to climate change goal, objective, and guiding principles that would aid in its realization. The NAP includes the roles that various stakeholders should play both inside and outside the framework of the Ghanaian government. The NAP's objective was to integrate its procedures with already-existing national policies and their strategic platforms, academic research on adaptation to climate change, and related programs to support this notion. As a result, this would be the starting point for rallying support for concerns related to climate change adaptation. 

National Adaptation Plan Framework, 2018 –Ghana's NAP process aims to identify prioritized medium- and long-term climate change adaptation initiatives, facilitate institutional-level collaboration in climate change adaptations, and expedite the mobilization of funds for such adaptations. To eliminate duplications and lessen institutional overlap among ministries, there is fundamentally a need for improved institutional partnerships and coordination. The NAP process and gender sensitivity as some key topics to incorporate away from the adoption of community-based and ecosystem-based approaches did not exclude the private sector from this adventure. The community-based and ecosystem-based approaches aim to reduce poverty, adapt to climate change, and promote sustainable development while also providing several other advantages. The Ghana NAP process anticipated several approaches and structures. Among them, although not exclusively, is involving the private sector. To make the private sector more productive, the process entails supporting its adaptation to climate change. Evidence, however, showed that the private sector is not currently actively participating in Ghana's efforts to prevent climate transformation and adaptation in particular. To comply with the provisions of the 1979 Convention for the Suppression including All Forms of Discrimination Against Women, to which Ghana is a signatory, there is also a gender-responsive approach. The need of promoting gender equality is emphasized in light of both SDG 5 and the Ghana National Gender Policy (2015). The importance of the horizontal and vertical integration strategy cannot be overstated. According to the NAP Framework, Ghana uses vertical and horizontal connectivity in its adaptation planning activities. Planned and strategic connections between national and sub-national adaptation planning, execution, monitoring, and assessment are made through the vertical integration process (Dazé & Echeverría, 2016). Planning for institutional capacity and knowledge transfer will be essential for successful vertical integration (Dazé & Echeverría, 2016). 

Horizontal and Vertical Integration – The NAP would utilize both Ghana's adaptation planning techniques, which include horizontal and vertical integration. A "vertical integration" is the "process of developing purposeful and strategic linkages between national and sub-national adaptation planning, implementation, and monitoring and evaluation" (Dazé & Echeverría, 2016 pg 4).  It underlines the importance of embedding climate resilience into national and sub-national institutions, particularly district implementation plans, and is related to the decentralization movement happening in Ghana. Knowledge transfer and information sharing are crucial for strategic alliance success, hence these variables should be prepared for (Dazé & Echeverría, 2016). Prioritization of the Ecosystem-Based Adaptation Approach –  The NAP process will also include an ecosystem-based approach (EBA), which puts ecosystems at the core of adaptation planning, to enhance ecosystems while preserving biodiversity. The NCCP and NCCAS both place a strong emphasis on how Ghana's various populations rely on ecosystems, particularly marine, aquatic, and forest resources, for a range of environmental services, economic possibilities, and linked livelihoods. Harmonizing Timeframes – Another strategy is to implement the NAP process using harmonising timeframes, which follow international standards. The strategy aims to implement both long-term and short-term climate change adaptation in order to address Ghana's development concerns. The majority of Ghana's developmental concerns are currently cantered on vulnerability without any long-term goals connected to climate change responses. Managing Potential Trade-offs – There seems to be a mechanism regarding handling trade-offs in the NAP process. For instance, the NDC's emphasis toward increasing biofuels use could have an effect on the development of food crops, which would pose problems for food security. 

[bookmark: _Toc167368585]Table 2. 1: Climate Change Adaptation Policies Dimensions
	Sector
	Priority adaptation strategies

	Agriculture 
	· Build farmer alertness of climatic issues 
· Reinforce farmer ability to increase agricultural output 
· Build the capability of extension officers to better support adaptation by farmers 
· Promoting biodiversity conservation in the agricultural system
· Promoting climate-resilient crop and livestock production practices 
· Promoting technologies to reduce post-harvest losses 
· Identifying and documenting indigenous adaptations measures

	Multi-sectoral 
	· Implement risk-reduction tactics at the local level.
· Create or enhance a network of fast disaster response teams. Develop or strengthen information management and early warning systems for floods and droughts.
· Raise the incomes and productivity of vulnerable people.
· Increase public understanding of climate change and coping mechanisms
· Expand consumer access to financial services, particularly credit
· Boost resources' financial and technical capabilities to facilitate adaption
· Improve connections between scientific and indigenous knowledge
· Encourage the management of sustainable lands
· Improve universities' and research institutions' ability to conduct climate change research

	Land use
	· Review land-use policies to fill identified gaps 
· Building the capacity of the vulnerable to use land resources sustainably
· Promoting good farming practices 
Support abilities of universities and research institutions to conduct studies on climate change 


Source: (Ministry of Environment Science Technology and Innovation (MESTI), 2013; UNEP & UNDP, 2013).
The employment of irrigation technologies to improve food production is a problem in Ghana's NDC. However, Antwi-Agyei et al. (2018) emphasized that irrigation could serve as breeding grounds for mosquitoes, hence having health effects on the people around them. Climate change adaptations in Ghana under the NAP process entails the concentration of action plans on rural farmers particularly cocoa growing areas in the Southern part of the country. Meanwhile, northern Ghana is agriculture dominated and the majority of the residents drive their livelihood from farming, yet the majority of them are in the rural areas. This makes NAP process in the northern part of Ghana also rural centered meanwhile there are pockets of urban food production activities within the urban neighbourhood. For instance, in Tamale, urban agriculture takes the form of open space intra-urban sites, and open space peri-urban sites.

[bookmark: _Toc167379874]2.9 Theoretical Overview 
The study applied the social practice theory to understand urban households’ engagement in urban farming. This include how they are adapting to climatic stressors. These are highlighted subsequently in this section.

[bookmark: _Toc167379875]2.9.1 The Social Practice Theory
The social practice theory was first used in the work of Bourdieu (1972) to explain how practices in our society are influenced by our believes and norms. The Social practice theory serves as the study's guiding theoretical framework in urban agricultural practices. The theory presumes that as a consumer-focused approach, the social practice theory has entered the field of environmental sociology and is challenging the established theories of pro-environmental behaviour change (Reckwitz, 2004). Marxism, existentialism, pragmatism, and analytical philosophy serve as their philosophical pillars (Miettinen et al., 2009). Since it primarily relies on a cognitive and psychological approach, the conventional policy paradigm for promoting sustainable behaviour has been challenged as inadequate and unable to fulfil its purpose (Kennedy et al., 2015). According to Shove, this is because it disregards the larger social context in which individuals behave, exist, and interact with one another as well as the interactions between action and structure or between micro and macro levels (Hargreaves, 2011). An analysis of behaviour change programs employed by the governments of Ghana on climate change shows that policy activities are more precisely wholly concentrated on teaching the individual assuming that unsustainable behaviours result from a lack of information and that bridging this information gap will allow rational, thoughtful customers to change their behaviours (Kennedy et al., 2015). This is false, as research by Frost et al. (2020) demonstrates that major changes to the socio-technical structure, as well as lifestyle and routine consumption changes for individuals, are required to address the current environmental crises (Shove, 2011). Rather than focusing on an individual and their consumption patterns, social practice theory stresses social behaviours as the driving force behind societal transformation (Reckwitz, 2004). Social practice theory explains how actors and social systems are related. Social practice theorists contend that actors influence social structures through the social practices they support, maintain, and incorporate into them. Although societal structures do not always dictate what actors do, they do not always enjoy complete creative freedom (Heidenstrøm, 2022). The aforementioned points must be understood to effectively promote pro-environmental behaviours. Social practice theory is a collection of theories that use social practices as the cornerstone for social transformation rather than focusing on the individual and their consumption behaviours (Reckwitz, 2004). Social practice theory explains how social structures and actors are related to one another. Social practice theorists assert that social structures are embedded with these practices as well as being maintained and reproduced by actors (Hargreaves, 2011). 

[bookmark: _Toc167379876]2.9.2 Social practice theory on climate change adaptations and urban agriculture
The application of social practice theory in climate change adaptation has been explored in various studies. Social practice theory focuses on understanding how social practices, such as daily routines and behaviours, contribute to the overall dynamics of society and shape individual actions. It emphasizes the importance of social norms, cultural values, and collective behaviour in influencing pro-environmental actions and adaptation strategies (Hargreaves, 2011). The author added that the potential of social learning approaches, which are informed by social practice theory, in facilitating adaptation in developing countries. It emphasizes the importance of collective learning, knowledge sharing, and collaboration among different stakeholders to address the challenges posed by climate change (Ensor & Harvey, 2015). Another article applies social practice theory to the study of pro-environmental behaviour change through an ethnographic case study. It examines how social practices related to energy use and transportation contribute to carbon emissions and explores potential interventions to promote sustainable farming behaviours (Hargreaves, 2011). It is important to note that social practice theory can provide valuable insights into understanding and shaping individuals' behaviours and practices in relation to climate change adaptation. Smallholder farmers, like any other group of individuals, engage in various practices influenced by social norms, values, and systems. Therefore, applying social practice theory can help identify the social and cultural factors that shape farmers' adaptation practices, such as their knowledge, beliefs, networks, and access to resources (Darge et al., 2023).

Social practice theory can be applied to urban agriculture production. This approach recognizes sustainable urban agriculture as a means of providing food by comparing activities and socio-spatial characteristics (Kontothanasis, 2017: Tauliantos, 2018). The social practice theory tries to examines the meanings attributed by community gardeners to the consumption of food from their allotments, using a practice theory approach (Jordi-Sánchez & Díaz-Aguilar, 2021). By understanding the social practices involved in urban agriculture, such as gardening techniques, food distribution, and community engagement, practitioners can assess how to upscale household food gardening in urban (Tauliantos, 2018). This theoretical framework helps analyse the social dynamics, cultural norms, and everyday practices that shape urban agriculture and its impact on food provision (Jordi-Sánchez & Díaz-Aguilar, 2021). Overall, the application of social practice theory in climate change adaptation offers valuable insights into the social and cultural factors that influence individual and collective responses to climate change. It helps identify barriers and opportunities for pro-environmental behaviour change and provides a framework for designing effective interventions and policies (Islam & Kieu, 2021).

[bookmark: _Toc167379877]2.9.3 Conceptualizing urban household farming within a social practice theoretical perspective
According to Warde (2014), gardening is a practice that generates income rather than consumption, which can happen unnoticed as consumption. For instance, a household that tends to a lawn rather than food production such as growing organic food and composting household waste is meeting environmental protection. The household contributes to environmental degradation due to its continuous reliance on the globalized food system and lack of consumption decrease. The author is aware that there are other factors at play, but for the study, the aforementioned argument was established by focusing on family food production. The above could be seen as a subtle consequence of domestic gardening (Touliatos, 2018). 

A shared understanding of what it means to carry out a certain work can be characterized as practice, which is a routinized style of action (Hartmann, 2011). According to Pearce et al. (2009) theory of structuration, practices (gardening, buying food) are the meso-level structures between a framework of social structures (household food provisioning, the garden design industry), and individual actions of agents (garden owner, gardener, food purchaser). The framework of social structures both influences and is modified by the individual actions of agents. This is achieved employing a mediation procedure that starts with the agent and develops through social interactions as a mediating notion (Spaargaren et al., 2016). Earlier on, Strengers (2010) asserts that the family food provision/garden design business is created by the gardening/food purchasing habits (practices) of the gardener/food buyer/garden owner (actor), who is the "carrier" of the practice (social structures). 

The above point of view serves as an example of how social activities have a dynamic impact on social structures. In light of this, the social practice theory states that Society is regarded as created by social practices that are produced and reproduced throughout time and space (Strengers, 2010). Changing activities to make them more environmentally friendly is a more successful strategy to promote pro-environmental behaviours, according to Touliatos (2018), than educating or persuading individuals to make new choices. Before we can accomplish this change in our practices, we must first understand the nature and evolution of practices in daily life (Petersen, 2021). According to Quist et al.( 2013) practices are typically long-lasting entities that are melded together by sets of norms, doings, know-how, and materials. Reckwitz (2004) and Shove (2011) define practices as the synthesis of three core elements: stuff (materials, technology, and tangibly present items), pictures (domain of symbols and meanings), and skills (competence, know-how, and techniques). Practices are established and used in daily life when the links are there.

Images;
Meanings, symbols, common understandings and social norms.
Social practice theory tenants 
Skills: 
Competence, knowledge and techniques
Self-sufficiency and rational food production, food security, land acquisition modalities, the trade-off and synergies in using a parcel of land for urban agriculture and other land uses, beliefs and practices in growing crops and animals  
   
Stuff:
Materials, physical entities, technologies and tangibles
Knowing how to grow food in the urban settings under climate change; general farming practices that are adaptive to climate change stressors (crops and animals’ production) including choices of crops and animals’ varieties, internal and external agricultural services.
Enough space for agricultural production, availability of seeds, labour, extension services, climate information and training on climate change adaptation strategies, tools and implements use.
















Figure 2.1: The Relationship between Images, Skills and Stuff and Adoption of Social Practice
Source: Author construct, 2022

In the case of household gardening, a change in practice from lawn to edible plants or from decorative gardening to food productive gardening can be made through the active negotiation of novel combinations of skills, things, and images that constitute the practices of household gardening and food purchasing (Kennedy et al., 2015). The three elements of each of the two different approaches to the practice of gardening were revealed via the examination of the qualitative data, the factors that would need to change in order for household gardens to yield more food. Urban farming makes sense to the city's residents in acknowledgment of the reality that people's thoughts and behaviours simultaneously shape and are shaped by the social context in which they live (Pearce et al., 2009; Wahlen, 2011; Quist et al., 2013).  In showing how objects, abilities, and images combine to create social norms, the creation, maintenance, and eventual demise or "fossilization" of a practice has been demonstrated in detail using a practice that went full circle (Shove, 2011). Home gardens were utilized in Ghana as a means of ensuring the nation's survival throughout the two world wars of the 20th century when resources were limited. Urban agriculture has quickly gained popularity and is now being practiced by many city people, but this does not imply that all urban dwellers are involved in it.

[bookmark: _Toc167379878]2.10 Conceptual Framework for Urban Agriculture and Climate Change Adaptations 
The study is underpinned by the sustainability theory and the concept of sustainable cities in the specific context of sustainable urban development, agriculture, and livelihoods. In particular, the study draws on sustainable urban agriculture as an avenue for pursuing the particular goals of socioeconomic transformation and food security. The study then identifies and focuses on urban land use change, and climate change and variability as vitiating factors to sustainable urban agriculture. To understand how these factors, impede sustainable urban agriculture, the study has interrogated their respective missing linkages in the geographical context of Ghana to address the research problem. At the end of the study, findings from these linkages have produced certain outcomes towards promoting marginal urban agriculture and farmers’ climate change adaptation (CCA) strategies (See Figure 2.2).

[bookmark: _Toc167379879]2.10.1 Urban Environment Sustainability and the Goal of urban agriculture 
For the purpose of this study, urban environment sustainability is promoted through three pillars—sustainable urban development, sustainable urban agriculture and sustainable urban livelihoods (See Figure 2.1). These are interrelated and explained further below.
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[bookmark: _Toc148890732]
Figure 2. 1: Conceptual Framework for the Promotion of Urban Agriculture under Climate Change 
Source: Authors Construct, 2022

Sustainable urban development refers to the practice of building and designing cities in a way that promotes long-term viability and addresses environmental, social, and economic challenges. Urban food production involves creating integrated urban spaces that reduce consumption, waste, and harmful impacts on people and the environment, while enhancing overall well-being. This approach focuses on mitigating climate change, promoting affordable and environmentally-friendly housing, and implementing responsible growth strategies (Azunre, et al., 2019). Also. sustainable urban agriculture is an emerging field that involves the practice of growing fruits, vegetables, and other food crops within city limits, using methods that are environmentally friendly and socially responsible. It aims to produce food in urban environments while mitigating the negative impacts on the ecosystem and promoting the well-being of local communities. It can be seen as a way to repurpose urban spaces for food production, addressing issues such as climate change and resource scarcity (Piso et al., 2019). This form of agriculture can include various techniques, from traditional to innovative, to cultivate, process, and distribute agricultural products in urban and suburban areas. Again, sustainable urban livelihoods refer to the ability of individuals and communities living in urban areas to secure a sustainable and adequate standard of living. It involves ensuring access to basic necessities such as food, shelter, healthcare, education, and livelihood opportunities, while also considering the long-term environmental and social sustainability of urban areas (Bank, 2020). Sustainable urban livelihoods focus on promoting economic, social, and environmental resilience in urban settings, taking into account factors such as natural resources, financial assets, occupations, vulnerability, disaster preparedness, and social capital (Özçatalbaş & Imran, 2020).

It recognizes that poverty in urban areas is often characterized by insecurity and aims to address these insecurities through sustainable and inclusive development strategies . Furthermore, the goal of urban agriculture is to address various challenges related to food, nutrition, and sustainability in urban areas (Özçatalbaş & Imran, 2020). It aims to increase food quantities, reduce hunger, promote self-sufficiency, and improve local access to fresh and healthy produce. Urban agriculture also contributes to community and economic development, promotes environmental sustainability, and enhances the overall well-being of urban residents. Incultivating, processing, and distributing food within urban areas, it helps to create a more resilient and sustainable food system (Langemeyer, et al., 2021). However, urban agricultural activities are affected by land use change and climate change and variability as discussed below.
[bookmark: _Toc167379880]2.10.2 The effects of urban agriculture by urban land use change and climate change and variability 
Urban land use change can have significant effects on urban agriculture. As cities expand and develop, agricultural land is often converted into urban infrastructure and residential areas. This transformation can lead to various impacts on urban agriculture:
· Loss of agricultural land: Urbanization usually involves the conversion of agricultural land into built-up areas, resulting in a reduction in available land for farming. This loss of agricultural land can limit the space for urban farmers to cultivate crops or raise livestock (Anwar et al., 2023).
· Decreased agricultural productivity: The fragmentation and shrinking of agricultural land due to urbanization can lead to decreased agricultural productivity. Urban agriculture may face challenges such as limited access to water, soil degradation, and increased competition for resources (Aziz et al., 2021).
· Increased land prices: As urbanization progresses, the demand for land in urban areas often increases, leading to higher land prices. This can make it financially challenging for urban farmers to acquire or lease land for agricultural purposes (Anwar et al., 2023).
· Changes in farming practices: Urban land use change can result in changes in farming practices. For example, traditional open-field farming might be replaced by vertical farming, rooftop gardens, or hydroponics to maximize limited space in urban areas (Zulfiqar et al., 2021).
· Environmental impacts: Urbanization can bring pollution, increased runoff, and changes in microclimates, which can affect urban agriculture. Air pollution, noise pollution, and the loss of green spaces may have detrimental effects on crop health and productivity (Zulfiqar et al., 2021).
· Community support and policy implications: Urban land use change may impact the availability of community support and policy frameworks for urban agriculture. As urban areas expand, there might be a need for supportive policies, zoning regulations, and incentives to promote and sustain urban agriculture (Anwar et al., 2023).

It is important to note that the effects of urban land use change on urban agriculture can vary depending on the specific context, location, and the level of urbanization. Therefore, understanding the local dynamics and implementing appropriate strategies are crucial for mitigating the negative climatic impacts and ensuring the sustainability of urban agriculture. Aside, the effects of land use on urban agriculture there are associated challenges from climate change and variability. 

The effects of climate change on urban agriculture can be both positive and negative. On one hand, urban farming and gardening can contribute positively to climate adaptation by increasing vegetation cover in cities (Calvet-Mir & March, 2019).  However, climate change can also have detrimental impacts on urban agriculture. One of the main challenges is the potential for more irregular and intense precipitation, as well as increased temperatures, which can lead to significant declines in crop yields and stability. Extreme weather events such as drought, flooding, wildfires, and storms can also greatly impact urban farming (Koay & Dillon, 2020). Furthermore, climate change can disrupt the balance of ecosystems and affect the availability of natural resources, such as water and nutrients. This can make it more challenging to grow crops in urban areas. It is important to note that urban areas often face additional challenges compared to rural areas when it comes to adapting to climate change. Limited space, competition for resources, and higher vulnerability to heat island effects can further exacerbate the impacts on urban agriculture (Kingsley et al., 2021). Overall, while urban agriculture has the potential to contribute to climate adaptation, it is also vulnerable to the negative effects of climate change. Strategies such as implementing sustainable water management, adopting climate-resilient farming techniques, and integrating urban agriculture into climate change adaptation plans can help mitigate these challenges (Calvet-Mir & March, 2019).

[bookmark: _Toc167379881]2.10.3 Missing linkages
Despite the relationship between urban land use change, climate change and variability and urban agriculture production, there is a disconnect in terms of policy framework relating to the following; 
· Participation and potentials in urban agriculture 
· Patterns and characteristics of urban agricultural production 
· Climate change challenges for urban agriculture 
· Climate change adaptation measures
· Climate change adaption policies 
Interestingly, the goal of urban agricultural production can be achieved when there is a link in urban land use planning and proactivity policies in line with climate change. This will lead the outcomes as highlighted below. 

[bookmark: _Toc167379882]2.10.4 Outcomes of linkages 
The outcome is integrating climate change adaptations into urban planning policies and urban agricultural production can have several outcomes. Firstly, it can enhance the resilience of farmers in cities to climate change impacts. By incorporating climate change considerations into urban planning and urban agriculture, city dwellers can better prepare for extreme weather events, such as floods or heatwaves, and minimize their negative effects on urban agricultural production (Dubbeling et al., 2019). Secondly, integrating climate change adaptations can contribute to sustainable urban development. It can also respond to food demand by providing fresh and nutritious food to urban populations (Bilimoria et al., 2020). Lastly, integrating climate change adaptations and urban agriculture production can foster community engagement and social cohesion. Urban agriculture can create opportunities for community involvement and education, promote social interactions, and enhance the sense of belonging and pride in the community (Bilimoria et al., 2020).
Overall, integrating climate change adaptations and urban planning policies with urban agricultural production can contribute to building more resilient, sustainable, and liveable cities in the face of climate change challenges. This can be done through the following: 
· Visioning the role of marginal urban agriculture 
· Integrating climate change adaptation policies in urban agriculture
· Innovative solutions to urban agricultural challenges
· Proactive planning of urban land use

[bookmark: _Toc167379883] 2.11 Conclusions 
The section reviewed literature on urban agriculture production under climatic stressors. Based on the empirical literature reviewed it can be concluded that urban agricultural activities have potentials in meeting the food needs of urban dwellers aside the source of livelihood to urban farmers. Despite the importance of urban agriculture in terms of crops and animals production, there is less attention by stakeholders such as City Planners, Landlords, Non-Governmental Organizations, Governmental Agencies such as the Ministry of Food and Agriculture in Ghana to redirect policy attention to urban food production. As such, climate change adaption policies and programmes are limited to the rural farmers meanwhile farmers within the urban spheres need similar assistance to be able to produce more irrespective of the current climatic stressors such as unpredictable rainfall, extreme temperatures and diseases that could affect crop and animal production. Urban agriculture is also affected by land availability and accessibility as city planning and zoning do not factor in urban farming. This calls for taking more punitive measures to give way for urban agriculture in spatial planning and policy formulations and implementations. The next section of this work deal with the study area profile and research methodology adopted. 


















[bookmark: _Toc167379884]CHAPTER THREE
[bookmark: _Toc167379885]STUDY AREA AND METHODOLOGY 
[bookmark: _Toc167379886]3.1 Introduction 
This chapter presents the profile of the study area, comprising the location and landmass of the municipality, demographic features, topography, vegetation, and climate as well as economic activities. The chapter also outlines the research methodology including the research approach and design, study area selection, sources of data, research population, and unit of analysis. Other relevant sections in this chapter include the sample size determination and sampling procedures, methods and tools of data collection, methods of data analysis and presentation, data validity, reliability, and ethical considerations. 
[bookmark: _Toc167379887]3.2 Profile of the Study Area
[bookmark: _Toc167379888]3.3.1 Study area selection 
In every research, there should be a rationale behind the study area selected and a justification why location is chosen but not others (Tashakkori & Creswell, 2007). The study was conducted in the Upper West Region of Ghana, particularly Wa Township (See Figure 3.1). The choice of the study area is informed by the fact that many people within the Upper West Region especially, the Wa township mainly derive their livelihood from crop and animal production. However, their activities are affected by climate change stressors such as unpredictable rainfall, high temperature, flooding and pest and diseases. Also, the Upper West Region was chosen purposively due to its state of emerging cities as compared to the already bigger cities in the southern half of the country (Osumanu et al., 2019). The study covered almost all the sections in the Wa township. Using Osumanu et al. (2019) zonation of the  Wa township, the study area was divided into three (3) residential zones; low, middle, and high residential classes. The inner core of the city also termed the low-class residential zone consists of Kanbale, Kpaguri, and Mangu (cluster C). The transition zone also called, the middle-class residential area includes Sombo, Konbiehi, and Social Security and national insurance trust (SSNIT) residential area (cluster B), and the outer core also known as the high residential areas include Naporgbakole, Nakoripaani and Bilbao residential areas (cluster A) (See Figure 3.1).
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[bookmark: _Toc167368256]Figure 3.1: Study Area Map 
Source: Author’s Construct, 2022

[bookmark: _Toc167379889]3.2.2 Location, size, and demographics of Wa Municipal
The Wa Municipal is one of the eleven Municipal and district assemblies (MDAs) in the Upper West Region, Ghana. Geographically, the Wa Municipality lies between latitudes 9º32’N to 10º20’N and latitude 1º40’W to 2º45’W  of the equator (Ghana Statistical Service, 2021). The municipality shares boundaries with Nadowli-Kaleo District to the North, Wa East District to the East and South-East, and the Wa West District to the West and South-West. The total landmass of the municipality is about 234.74 kilometers square with a population of about 200,672. Of the aforesaid population, 98,493 (49.0%) are males and 102,179 (51%) are females (Ghana Statistical Service, 2021). The state of the population means that there is intense pressure on land use conversion resulting from rapid urbanization which affects urban crops and animal production (Osumanu et al., 2019). This is worsening as climate change and variability stressors affect urban farming activities. It is on record that the municipality has low educational attainment; about 75.7% of the people have no formal education, 6.6% have had primary education and 17.0% have secondary and tertiary education (USAID, 2017). This means that the level of education and religious affiliation of the people living in the Wa township could influence the desire of households to engage in crops and animal production in the urban area. 

[bookmark: _Toc167379890]3.2.3 Topography, vegetation, and climate 
Generally, the topography of the Wa Municipality is undulating with an average height between 160m and 300m above sea level. Some portions of the Municipality have low lands like the Charia-Zingu stretch which starts from the Kumbiehie-Billi and Kpaguri valleys, the Kperisi area, and the Piisi-Bole-Busa surroundings (UNDP, 2011). This undulating topography of highlands and lowlands conditions agricultural activities in the Wa Municipality. Thus, inhabitants grow food crops and rear livestock. The low-lying areas in particular allow farmers to cultivate twice in a year–the annual rainy season and dry season farming which involves the cultivation of vegetables. In addition, the vegetation is predominantly guinea savanna woodland with grasses and interspersed with species of trees such as shea tree (Vitellaria paradoxa), dawadawa (Parkia biglolosa), adansonia digitata (baobab), anarcadium occidentale (cashew), acacia, ebony, neem and mango among others. Though the vegetation looks green in the wet season, the grasses dry up and the trees shed their leaves in the dry season and this is usually affected by bush burning (Ghana Statistical Service, 2021). Therefore, crop cultivation is affected in the dry season compelling the farmers to focus on animal rearing. The municipality experiences unfavorable weather conditions characterized by a windy and very hot dry season following a short stormy wet season. The dry season occurs between October and December and extends into January  to mid-April. The North-East Trade Wind (NETW) that originates from the Sahara Desert brings cold and dry air  (harmattan)  between November and February (Wa Municipal Assembly, 2021). This follows a very hot season between March and April. The temperature ranges between 400C and 450C. The period between November and April does not support crop cultivation but animal rearing is common. Conversely, the harmattan season increases animal mortality (Ghana Statistical Service, 2021). The wet season occurs between late April and early October with a long drought spell in June, following heavy downpours and flooding. This affects the cultivation of crops and the rearing of animals. 

[bookmark: _Toc167379891] 3.2.4 Economic activities 
There are varying levels of employable opportunities in the municipality. The agrarian sector employs about 70.0% of the populace, followed by commerce (9.0%), industry (3.0%) and the remaining 18.0% is for other economic ventures. Despite the higher number of people (70.0%) that are into agriculture, only 30.2% are into food crops and animal production. Households' sources of livelihood are dependent on the kind of economic activities one is in (Wa Municipal Assembly, 2021). Thus, the majority of the people in the Wa Municipality earn their livelihood from the agricultural sector.  Nevertheless, food consumes about 80.0% of the households’ income and the remaining 20.0% goes to rent, educational support, meeting utility charges, health, and funerals. This suggests that the households in the Wa township are not able to produce enough food for themselves but buy from the hinterlands. The Wa town is characterized by a range of economic activities that contribute to the livelihoods of its residents. While the region faces some challenges, including limited access to infrastructure and arable land, several key economic sectors drive local development. The Wa township serves as a commercial hub for the surrounding rural areas, hosting markets and trading activities that facilitate the exchange of goods and services (Ghana Statistical Service, 2021). The Wa Central Market, in particular, is a vibrant trading center where various agricultural products, handicrafts, and consumer goods are bought and sold (Adams, 2016). The Wa town is known for its traditional handicrafts, including basket weaving, pottery, and textile production. Local artisans utilize natural materials such as straw, clay, and cotton to create a variety of products that are sold in local markets and tourist shops.

Though, the agriculture sector consists of non-traditional commodities, agroforestry, fisheries, crop, and animal production dominate (92.7%). The staple food crops in the municipality are cereals like maize (Zea mays), and millets (Panicum miliaceum) as well as legumes beans (Phaseolus vulgari L.) and groundnuts/cowpea (Vigna unguiculata). Other crops are tubers yams (Dioscorea alata), cassava (Manihot esculenta) and sweet potatoes (Ipomoea batatas) and vegetables Cabbage (Brassica oleracea), okra (Abelmoschus esculentus), tomatoes (Solanu lycopersicum), pepper (Capsicum annuum), pumpkin (Cucurbita) and garden eggs (Solanum melongena). Animals reared include sheep (Ovis aries), goats (Capra aegagrus hircus), cattle (Bos taurus), and pigs (Sus scrofa domesticus). Other animals also include poultry such as chicken (Gallus gallus domesticus), turkey (Meleagris), ducks (Anatidae) and guinea fowls (Numididae). Most of these animals are reared on subsistence basis ( USAID, 2017; Ghana Statistical Service, 2021). 

[bookmark: _Toc167379892]3.3 Philosophical Ontology and Epistemology of Urban Agriculture and Climate Change
In the science of philosophy, ontology is essential as it looks at the nature of knowledge, thus the explicit conceptualization of ideas and the philosophical sense. The ‘study of being’ is within the realm of ontology (Smith, 2003). This is concerned with what is truly in the world and what knowledge humans can have about it. Researcher confidence in the nature and presence of the items they study is increased because of ontology (Arp et al., 2021). The ontological notion spins around the science of ‘what is, the kinds and structures of objects under study. Similarly, ontology tries to explain and classify the realities in a logical pattern (Gruber, 2015).  Ontology is about what you know and how true it is (Deng, 2019) subject to the researcher’s personal interference (Reicher et al., 2019). The epistemological stance hinges on the methods of figuring out what is true. The epistemology of the investigator will synthesize issues of various dimensions from information technology perspectives (Bisaro et al., 2018). The nature of truth or reality is subjected to how it is acquired; that is to say, the methods in the acquisition of the realities or those truths which are under the domain of epistemological. There is a long history of philosophical debate and the use of mixed research approaches in acquiring knowledge. The purists argue that there are distinct conceptual ontologies for positivists and social designing which seems illusory in trying to unify all ontologies. The purist stand is that scientists must operate in a single paradigm (qualitative and or quantitative). Pragmatics is within the domain of mixed approach this, positivism and constructivism. The positive ontological notion argues that there is only one fact (the truth) of a hypothesis which supports the separation of such a scientist from participating in data analysis (McMahon, 2013). This means that perhaps the phenomenon undergoing scrutiny is not actively associated human feeling and understanding. But in situations whereby research philosophical underpinning is a mixed method (pragmatism), there is the understanding of factual feelings (Mertens, 2012). Therefore, this study is anchored by the pragmatist point of view that is associated with the mixed research approach.
[bookmark: _Toc167379893]3.3.1 Methodological application of pragmatism on urban agriculture and climate change adaptations 
In the study of urban agriculture and climate change adaptability strategies, the ontological debate is about ‘what is there to unravel’ and ‘what kind of knowledge’ is there about urban agriculture (Reicher et al., 2019; Nightingale et al., 2020; Whitaker, 2019). The research could study urban agriculture and climate change from the interpretivist view point (Reicher et al., 2019). In the study of urban agriculture there could be no difference between the knower and the known in data collection, analysis and presentations (Goldman, 2018). The mixed approach entails the enrichment of subjects, instrument fidelity, integrity of care, and enhancement of the research (Aliman & Kester, 2021). The researchers opt for a mixed approach based on experience and intent of analysis based on current theoretical issues and debates. Pragmatists emphasize more - why not have a certain form (Morgan, 2014). In this case, the adoption and application of this research paradigm stand the chance to know and understand the ‘why’ and ‘how’ of climate change adaptation strategies by farmers in the urban setting. This is contrary to the standard question: how to carry out research, which is a conventional situation for research using mixed methods, and one dimension of why from the pragmatic point of view which is associated with mixed methods that underpin this study. Pragmatism fits into methodology because, depending on the topic under analysis, the researchers select methods for data collection if the design is competitive or sequential (Crewell, 2014). Pragmatics also gives the process of investigation for the course of this research (methodology), as an adequate research structure (Creswell & Garrett, 2008). It is crucial to understand the ontological, epistemological, and methodological implications regarding the use of pragmatism as a suitable framework for this studying agriculture and climate change nexus. 

There are several ways of collecting qualitative and quantitative data and doing analysis under the pragmatic stance. Quantitative and qualitative data collection intends to help researchers explain the details of the need for both data forms, and explain the reasons. The use of quantitative methods of data collection such as survey (experimental) using questionnaire could take care of modelling climate change adaptation strategies and their efficiency to farmers on one hand. On the other hand, the use of qualitative methods such as interviews and observation could help to dig deeper to come out with the philosophical notion in climate change and agriculture. The mixed approach is necessary as it will improve triangulation and reliability/validity of the study although deficiencies in one approach will be offset by strengths in the other (Assalahi, 2015). A survey instrument that includes both qualitative (open-ended) and quantitative (closed-ended) questions and the integration and analysis of both types of data is recommended for mixed methods studies. This in the end results in proper analysis and predictions to inform policy formulations and implementations. Strictness is also applied when the researchers report comprehensive quantitative and qualitative techniques and explain research analysis using mixed methods (Mertens, 2012). For the study as a whole, the pragmatist dimensions of methods have two essential consequences. First, this research used mixed methods the approach shown is very much a suggested investigation framework (Mertens & Hesse-Biber, 2013). The investigation (inquiry) is a cyclical mechanism that begins with action and results. The scientist then tests the functionality of the behaviour and determines its justified beliefs (McCombs, 2012). This cyclic, reflective, and iterative mechanism resembles the approach included in this research for construction research to examine the problems. Qualitative analysis, previously referred to as "fiction" and "not science" (Kandel, 2015) has gained legitimacy. According to Berkovich and Eyal (2017), this is why subjectivist qualitative methods such as face-to-face interviews, field observations, and theory approaches must be involved in recognizing the nature of urban agriculture and how farmers adapt to climate change. In most social science fields, such as climate change and agricultural production, qualitative analysis is now an important part of scientific discourse as it gives a deeper understanding of emerging issues. The fact that neither quantitative nor qualitative approaches are autonomous enough to cover the parameters and problems in a sample is the root of what underlies the combining of both types of data in a single study.  Modelling is useful in these situations because it allows for the simulation of strategic options, allowing for the evaluation of potential adaptation methods for future planning in climate and agriculture research (Sampson et al., 2015). 

[bookmark: _Toc167379894]3.4 Research Approach and Design 
The research approach is one of the essential components in research methodological design because it defines the philosophical line of direction and the research debate (Fijn et al., 2020). Therefore, this study adopted a mixed research approach to understanding how urban farmers are adapting to climate change and variability. In this sense, both quantitative and qualitative methods were employed to collect and analyze data and later integrate the findings (Tashakkori & Creswell, 2007). The reason for a mixed approach is that it helps in getting holistic views of the study respondents on urban agricultural practices and how they are adapting to climate change and variability. Though the study could use either the quantitative or qualitative approach, both are combined to give comprehensive knowledge in the research (Regnault et al., 2018). According to Tufford and Newman (2012) and Gioia et al. (2013), employing the quantitative approach gave statistical analysis and understanding without getting in-depth knowledge including the respondents’ feelings and emotions as in the qualitative approach. Evidentially, the quantitative approach helped give an understanding of the study from the statistical point of view while the qualitative took care of the in-depth understanding of the investigation (Schoonenboom & Johnson, 2017). The mixed approach also serves as a strategic move for the triangulation of data. In this study, a sequential triangulation approach was followed. According to Crewell (2014), sequential triangulation in a mixed approach helps the researcher to take either the quantitative phase or the qualitative phase of the project first and this paves the way for the findings from the first phase to inform the kind of data needed in the second phase. In this study, there were two phases; quantitative (Phase I) and qualitative (Phase II). The quantitative data in Phase I was collected and analyzed first followed by the qualitative data in phase II. It is necessary to know that the study used concurrent triangulation where both the quantitative and qualitative data are collected at the same time (Crewell, 2014) but this does not allow for relevant and specific data to be collected. This is due to the fact that some data collected might not be necessary in the study either from the quantitative or the qualitative methods. This justifies the choice of the sequential triangulation approach for this study. 

The research design is the architectural formation for the study. This study employs a cross-sectional survey design in data collection and analysis. In social research disciplines, a survey remains one of the most suitable designs even though its applicability transcends to include medical research and other behavioral change studies (David & Alan, 2019). The study was anchored by a cross-sectional survey which is good for taking responses from a sample drawn from a larger population at once (Kitchenham & Pfleeger, 2002) as compared to the longitudinal survey which is done more than once. That is, the cross-sectional survey design gives a snapshot view of the responses as compared to a longitudinal survey. The findings of the sample are therefore generalized to represent the entire population. Furthermore, apart from the cross-sectional survey method, a census design where all the respondents are enumerated could be used but it is more expensive and time-consuming (Regnault et al., 2018). The survey process was in the form of face-to-face personal interviews which give the best responses as probing for clarity is possible (Janes, 2001). Though, self-administered interviews could be used many of the respondents are illiterates and the research assistants have to translate the questionnaire from English Language to “Dagaare”. 

[bookmark: _Toc167379895]3.4.1 Sources of data 
The sources of data for a study help the researcher to have a clear, identifiable, and reliable data and respondents provide relevant and technical information for analysis (Crewell, 2014). The study used both primary and secondary data. The primary data were taken directly from the field. These include spatial data (coordinates) of urban farms and households, key informants involving staff of the Ministry of Food and Agriculture (MoFA; Crops and Veterinary Departments). Additionally, the secondary data were gathered from institutional documents in the form of reports from these institutions the Municipal Town and Country Planning Department, Veterinary Department of MoFA records and Environmental Health and Sanitation Department. Other sources also include journal articles and scholarly materials. 

[bookmark: _Toc167379896]3.4.2 Target population 
The research population is very important in defining the scope and the interest of the study (Kothari, 2004; Terrell & Ph, 2012; David & Alan, 2019). Therefore, the target population of the study consists of all urban households within the Wa township, individuals and institutions that have a role to play in urban morphology and farming activities. Under the quantitative phase, the study population includes all the households within the targeted urban setting. This implies that all the households within the target urban space were involved in the survey. In all, a preliminary survey (listing exercise) undertaken by the researcher showed that there are about There were three thousand eight hundred and one (3,801) households that fall within the demarcated communities for the study in the Wa township. The listing was done in a serpentine order. Serpentine order here means a listing process that follows a sequential order form the lower left to the up left end and the same order is followed till the target area is exhausted. This approach is faster as it enables complete listing of all the houses and households (Ghana Statistical Service, 2021).  For the qualitative phase, the population of the study include the sectional Chiefs and ‘Tindaabas’ who are the custodians of land within the urban area, hence play key roles in land allocations. Again, the Municipal Town, and Country Planning Department is responsible for zoning and planning within the urban area, and there is the need to get their views on the integration of urban agriculture in land use planning. From the crops and animals section of the MoFA, data related to extension and veterinary services given to crop and animal producers in the urban centers was ascertained.  Also, climate support services such as information and good agronomic practices in the era of climate change was key. To add to the above, the Key informants included a representative of the Environmental Health and Sanitation Department to get insight on Laws and Regulations regarding farming in the urban areas. This was necessary because urban agriculture especially, animals farming has sanitation related issues that need understanding. 

[bookmark: _Toc167379897]3.4.3 Unit of analysis
The unit of analysis in this study was a household. The study respondents were household heads or their spouses in the urban neighborhoods of Wa. As such, the unit of analysis consists of both households practicing urban agriculture (food crop and animal production) and those who are not into agricultural production. In addition, workers from the Municipal Town and Country Planning Department, Ghana Metrological Agency, Crop, and Animals Departments of MoFA and the Environmental Health and Sanitation Department were included.

[bookmark: _Toc167379898]3.4.4 Sample size determination
The sample size is the fraction of the respondents that is used to represent the entire study population (Maher et al., 2018; Fijn et al., 2020). Sample size determination is crucial in every study because it makes the research process and findings scientific (Kothari, 2004; Gujarati & Porter, 2013). The study sample size was computed from the population obtained during the listing stage of the study. There were three thousand eight hundred and one (3,801) households listed within the study jurisdiction; this include both households who engaged in urban production activities and those who do not (Table 3.1). Using this as a proxy, the sample size was calculated using Yamane (1967:886) sample size formula. This is given as;
………………………………………………………………………….[1]
Where:
n = the sample size for the study
N = the sample population of the study
1 = constant 
𝑒 = margin of error for the sample mean 
Therefore, in this study, 
N = 3,801

𝑒 = 95% or an error margin of 0.05 confidence level. 

 
 

  = 362
Therefore, the study used a sample size of three hundred and sixty-two (362) households. This was distributed proportionally across all the clusters namely; low, middle, and high classes (Table 3.1). 
[bookmark: _Toc167368586]Table 3. 1: Sample Frame and Sample Size Distribution
	Cluster 
	Community 
	Number of households
	Number of households sampled

	Low class
	Kanbale
	266
	25

	
	Kpaguri
	328
	31

	
	Mangu
	367
	35

	
	Total
	961
	91

	Middle class
	Sombo/Chorkor
	430
	41

	
	Konbiehi
	391
	37

	
	SSNIT
	457
	44

	
	Total
	1,279
	122

	High class
	Naporgbakole Ext.
	520
	49

	
	Nakoripaani
	513
	48

	
	Bilbao/airstrip
	528
	52

	
	Total
	1561
	149

	Overall total
	3,801
	362


Source: Field Work, 2021
[bookmark: _Toc167379899]3.4.5 Sampling strategy 
In selecting the respondents this study employed both probability and non-probability sampling strategies, which are common in studies using a mixed research approach (Almalki, 2016). The probability sampling used was based on a simple random sampling procedure in selecting responding households within the urban space for the survey and the respondents were the member of the household who is into urban agriculture production activitiy. This was used to collect the quantitative data for the study from households. During the listing process, the households were given serial numbers on the three thousand eight hundred and one (3,801) households listed which were used as codes to generate the sample of three hundred and sixty-two (362) households.  This is important in simple random sampling as it avoids biases because every household has an equal chance of being selected (Almalki, 2016).  Therefore, a random sample trial software was downloaded from the Google play store and installed on an Android phone to generate the sample. In this process, the lowest and highest figures from the sample population were entered into a random sampling software installed on mobile phone from google playstore and selected based on the lottery method. Non-probability sampling technique was applied in selecting the respondents for collecting data in the qualitative phase of the study. All the respondents here were purposively selected. This is appropriate as knowledgeable people were chosen to share their expertise in urban agricultural practices. 

[bookmark: _Toc167379900]3.5 Methods and Tools of Data Collection
This section covers the quantitative and qualitative methods and tools of data collection on a sectional basis. The data collection process was in two phases; Phase I, was quantitative data, and Phase II, qualitative data. Each of these phases has its methods of data collection and the needed tools. The choice of methods and tools for data collection in the study was guided by a framework. This framework seeks to clarify each method and tool in the data collection process. It also outlines the type of data collected in each of the data collection method and their corresponding tools (Table 3.2).

[bookmark: _Toc167379901]3.5.1 Quantitative phase
Survey method: The study employed a household survey method of collecting the quantitative data. This is cost-effective and does not consume time (Almalki, 2016) though, the study could have employed a census approach that involves enumerating the target research population which increases cost and time spent (Kitchenham & Pfleeger, 2002). The method of data collection includes a households’ face-to-face survey. The respondents in the survey were the household heads or spouses or any elderly person who knows much about their urban crops and animal production activities. This was done through structured questionnaire administration in the form of Computer Assisted Personal Interviewing (CAPI) tool. The questionnaire is divided into two main sections; a section for crop production in the urban area and another one for animal production activities in the urban space. The questionnaire was built on an Android platform using Kobo toolbox and uploaded onto tablets for the actual households’ enumeration. Lakshminarasimhappa (2021) has outlined the advantages of using Kobo toolbox in Computer Assisted Personal Interviewing (CAPI) tool. Firstly, the use of computer-assisted interviewing is very important as it is faster and more convenient as compared to that of manual Paper Assisted Interviewing (PAPI) especially using the Kobo toolbox software. Secondly, the use of CAPI is faster compared to PAPI because interviewing is easy and there is no need to enter data into software for analysis after data is collected. The third point is that the data is refined and generated in a soft copy form as soon as the interviews are done and synced to the server. Lastly, the use of CAPI reduces the cost of printing the questionnaire though tablets were hired. On the field, the various households were therefore identified by their popular names and numbers taken during the listing phase for easy tracing to those households.

Spatial data collection: In the study, spatial data were collected for spatial analysis. The spatial data collection techniques were relevant in determining the spatial characteristics of agriculture in the urban setting (Robinson et al., 2019; Usmani et al., 2020). This involved quantifying the spatial pattern of urban agriculture prodiction activities within the urban space. This was done with the help of hand-held Global Positioning System (GPS) devices to pick the coordinates of urban farms and their attributes (Table 3.2). The urban farms were mapped in terms of the type of urban farming (crops and animals), the size of farms and housing units of farm animals. 

[bookmark: _Toc167379902]3.5.2 Qualitative Phase
In the qualitative phase of the study, two (2) methods of data collection were used. These include key informant interviews (KIIs) and non-participant observation. The study employed these multiple data collection methods because the researcher seeks to have an in-depth understanding of urban farming practices among households and how urban farmers adapt to climate change consequences. This also gave room for data triangulation to give a better synthesis of the ideas on thematic basis and buttress the findings from the quantitative (Jentoft & Olsen, 2019).

Key Informant Interviews (KIIs): The study collected data from key informants. This method is necessary for gathering information from experts (Tufford & Newman, 2012) in the areas of crop farming and animal-rearing activities in the urban space. There were thirteen (13) key informants interviewed at two levels; community and institutional levels. At the community level, eight (8) key informants were interviewed. They included four (4) Chiefs and four (4) ‘Tindaabas’. There were institutional level key informant interviews as well.  Institutional level study is another method in the qualitative data collection phase which allows undertaking a desk review of institutional reports on an area of investigation (Omona, 2013). The method is very relevant in gathering institutional-level arrangements for the production of crops and animals in the city. At the institutional level, the focus was on the Department of Town and Country Planning (1), Lands Commission (1), Agricultural Extension Officer one (1), Veterinary Officer, one (1) and an Officer from the Municipal Environmental Health and Sanitation Department. Climatic data on temperature and rainfall were taken from the Ghana Meteorological Agency for understanding of the climatic pattern of the study are in relation to agriculture in general and urban agriculture in specific. An interview guide that contains the relevant questions to be asked was used in this method to solicit the information from the respondents (Table 3.2). For instance, some of the questions were based on the type of extension and veterinary services urban farmers receive, institutional support systems, and policies regarding urban farming using KIIs guides which transcribed for analysis .

Non-participant observation: Non-participant observation was also employed to gain visual evidence necessary for the study findings (Anton, 2014). The purpose of this method was to observe the agricultural practices urban farmers are employing in the production and the characterization of crops and animals activities. This also helped the researcher to have insight into the climate change adaptation measures used by the farmers in terms of farming on-field farming practices. In the non-participatory observational approach, the researcher does not personally involve in the process and this gives quality findings (Anney, 2014). The tools used are checklists and cameras. The checklist contains interesting things to observe, including the housing strategies for animals, protection of crops from pests, soil, and water management practices, land preparations methods to curtail climate change effects on one hand.  On the other hand, the camera was used to take pictures of interesting urban agricultural practices in the field for better understanding of urban farming practices (Table 3.2).


[bookmark: _Toc148890590][bookmark: _Toc167368587]Table 3. 2: Data Collection Framework
	Research Questions
	Type of Data Needed
	Sources of Data
	Methods and Tools of Data Collection

	Question 1
	· Type of farming, type of crops and animals and location and ownership of land
	Primary – Households 
	· Survey using semi-structured questionnaire and key informant interviews using interview guide and tape recorders
· Observation using checklist and cameras 

	
	· Laws on urban farming
	Secondary - Municipal Town and Country Planning Department and Department of Environmental Health  and Sanitation
	· Institutional studies using documents review and KII guides and tape recorders

	Question 2 
	· Spatial data on crops and animals type, housing type and farm sizes 
	Primary – Households 
	· Picking of geographic coordinates using Global Positioning System (GPS) 

	Question 3
	· Socio-economic characteristics
· Households decision to participate
	Primary – Households
	· Survey using semi-structured questionnaire

	Question 4
	· Crop varieties and types of animals (indigenous/improved) 
· Agriculture practices and support systems for farmers
· Veterinary and extension services accessibility
	Primary – Households, Agricultural extension, and Veterinary Officers
	· Household survey using a semi-structured questionnaire
· KIIs using interview guides and tape recorders

	
	· Types of crops and animals in urban farming
	Secondary - Crop and animals Departments of MOFA
	· Institutional review guides and tape recorders


Source: Author, Construct, 2022

[bookmark: _Toc167379903]3.6 Methods of Data Analysis
[bookmark: _Toc167379904]3.6.1 Quantitative phase
In this method, the households’ data, gathered through the survey were edited and refined for further statistical analysis. Statistical analysis is important as it gives a numerical understanding of the research findings (Crewell, 2014). The study, therefore, analysed the quantitative data using Statistical Package for Social Sciences (SPSS version 20.0). In this, descriptive statistics in the form of frequencies, percentages, cross-tabulations, and chi-square tests were done. The results were presented in the form of tables, graphs, and figures. Further analysis was done on the demographic features of urban farmers and their participation in crop and animal production using the binary logistics regression model. The climatic data from the Ghana Meteorological Agency were analysed and presented using combined line graphs. The spatial data were also analysed using average nearest  neighbourhood (ANN) ratio analysis from  ArcGIS version 14.0. The coordinates picked were used to draw spatial and farm location maps. Also, the study area was digitized from Google earth to analyze spatial distributions of urban agricultural activities across the three different clusters using the average nearest neighbour (ANN) ratio (Table 3.3). Details on the Average Nearest Neighbour ratio analysis and the logistic regression model are discussed below.

[bookmark: _Toc148890591][bookmark: _Toc167368588]Table 3. 3: Data Analytical Framework
	Type of Data or information to be collected
	Sources of data
	Analytical methods

	· Spatial data (coordinates)
	Primary 
	· Drawing of locational density maps and running average nearest  neighbour ratio using ArcGIS Version 14.0

	· Households demographics
· Demographic determinants of participation in urban agriculture  
· Types and varieties of crops and production
· Types and breeds of animals and production and climate change adaptation strategies 
	Primary 
	· The use of descriptive statistics; frequencies, percentages, chi-square-test, and binary logistics regress model 


Source: Authors construct, 2022

Spatial distribution analysis model estimate for Average Nearest Neighbour ratio analysis
This model was used to analyse objective two of the study. The Average Nearest Neighbour (ANN) tool calculates the separation between the centroid locations of each feature and its closest neighbours. The distances between each nearest neighbour is then averaged (Alam et al., 2012). The distribution of the features under analysis is said to be clustered if the average distance is less than the average for a reference random distribution. The characteristics are said to be distributed if the average distance exceeds a fictitious random distribution. The average nearest-neighbour ratio is determined as the difference between the observed and expected average distances, where the expected average distance is based on a fictitious random distribution with the same number of features covering the same total area (William, 1968). Therefore, the William (1968) used the nearest neighbour ratio in the analysis of spatial data as stated in the equations below:

…………………………………………………………………………[1]

…………………………………………………………………………[2]
The  in the above equation represents the distance of the expected mean for the attributes in a random pattern;
…………….....………………………….……………………………….[3] 
In equation (3),  represents attribute  and its nearest neighbour,  is the total number of attributes and  stands for the minimum closed area or a rectangle around an attribute. In this, the ANN z-score in driving at the statistics is computed as;
………………………………………………………………………….[4]
Where
 ………………………………………………………………………[5] 

The model implies that if the average nearest neighbour ratio, or index, is smaller than 1, clustering is present in the pattern. The trend is toward dispersion if the index is higher than 1. The average nearest neighbour distance index (1) and z-score (4) equations are based on the presumption that the points being measured are free to locate anywhere within the study area (for instance, there are no obstructions and all cases or features are located independently of one another). The p-value, which is constrained by the test statistic, is a numerical estimate of the area under the curve for a known distribution (Alam et al., 2012).

Estimation of binary logistic models
As part of the quantitative analysis, the study intended to use a binary logistic regression model to estimate some demographic features that influence urban residents’ participation in crop and animal production. This model was used to determine the factors that influence the decision to participate in crops and animal production in an urban neighbourhood. This offered an opportunity to examine households’ characteristics that can best explain their participation in crop and animal production in urban neighbourhoods.  The respondents (household heads) were asked to respond to questions with two responses, pre-coded 0 and 1 for yes or no. As such the binary model took the value of 1 and 0 to aid the modelling process. This made it possible to obtain the odds ratio by employing many explanatory variables. Furthermore, the researcher got the opportunity to use continuous variables at the same time. This made the binary logistic regression model user-friendly as compared to that of the linear regression model in the scientific fields (Rathod et al., 2017; Takele & Umer, 2020). The study adopted Gujarati and Porter (2013) regression model that gives the cumulative logistic distribution function as follows; 
…………………………………………………………………[1]
where:  represents the probability of a household engaging in crop and animal production in the urban neighbourhood. 
……………………………………………………………..............[2]
where:  = Vector of explanatory variables. 
 = A constant term. 
 = Vector of the logistic regression coefficient.
Given that, ω sorts from ∞ to ∞,  sorts from 0 to 1 and where the probability of not engaging in urban agriculture is . 
where:
………………………………………..………….……………[3]
In simplifying equation (1) gives; 
………………………………………...........………….. [4]
Again, the probability that a household would engage in crop and or animals production in the urban neighbourhood is related to each of the explanatory variables and is given in terms of marginal effect;
…………………………………………….…….……………[5]
Given the mean of the dependent variable as  , households engaging in crop and animals production in urban centers is empirically be given as; 
++ ………………………………………………………………...[6]
 Specification of the and Demographic Features of the Respondents
The specification of the socioeconomic variables meant for running the regression model is found in Table 3.4 below. 

[bookmark: _Toc148890592]Table 3. 4: Variables Definition and Unit of Analysis
	Variable
	Definition
	Unit of Analysis

	Dependent Variable (Y)
	Participation in UA
	0 = Yes

	
	
	1 = No 

	Independent Variables (X)

	1. AGE
	Age in complete years
	0 = 18 – 30

	
	
	1 = 31 – 40

	
	
	2 = 41 – 50

	
	
	3 = 51 – 60

	
	
	4 = 60+

	1. SEX
	Gender
	0 = Male

	
	
	1 = Female 

	1. MARIT_STAT
	Marital Status
	0 = Never Married 

	
	
	1 = Married 

	
	
	2 = Separated 

	
	
	3 = Widow/Widower

	1. EMPLOY_STAT
	Employment Status
	0 = Employed 

	
	
	1 = Unemployed 

	1. EMPLOY_TYPE
	Employment Type
	0 = Formal 

	
	
	1 = Informal 

	1. EDU_STAT
	Educational Status
	0 = No Formal Education

	
	
	1 = Basic Education/Middle School

	
	
	2= SHS/Secondary/Vocational

	
	
	3 = Tertiary 

	1. REST_TYPE
	Resident Type
	0 = Natives

	
	
	1 = Settlers

	1. HH_SIZE
	Household Size
	0 = 1 – 5 

	
	
	1 = 6 or more people

	1. HH_INCOME
	Household Monthly Income (GHS)
	0 = < 1, 000.00

	
	
	1 = > 1. 000.00

	Note: AGE = Age of the respondents; SEX = Sex of the respondents; MARIT_STAT = Marital status of the respondents;  EMPLOY_STAT = Employment status of the respondents; EDU_STAT = Educational status of the respondents; REST_TYPE = Residential status of the respondents; HH_SIZE = Household size; HH_INCOME = Household income.


Source: Field Work, 2022

[bookmark: _Toc167379905]3.6.2 Qualitative phase
In the qualitative analysis, the voices in the interviews recorded were transcribed to pave way for the analysis. The data were grouped according to themes and content for analysis in line with the study objectives. The various data taken from different methods were triangulated and synthesized to come out with the results. The study followed the grounded theory approach in the qualitative analysis. The results were presented in the form narrations, paraphrasing, and direct quotation of the respondents. 

[bookmark: _Toc167379906]3.7 Data Validity, Reliability, and Ethical Considerations 
The section of the chapter covers data validity. It also presents how data quality was ensured. The strategies that were employed in ensuring ethical issues in the study are also highlighted.
 
[bookmark: _Toc167379907]3.7.1 Validity and reliability of the study 
Data validity is an important component in research because of the correlation it has with the outcome of the findings (Nha, 2021) . Therefore, several measures were put in place in checking data quality and validity. For instance, in the quantitative data collection process, measures were taken to ensure that there are few or no missing responses. Field officers were trained in questionnaire administration. During this exercise, field officers learned how to translate the questionnaire from the English Language to the “Dagaare” Language to cater to those respondents who could not speak, read and understand the English Language. In the course of the data collection, the sample of the data was exported to SPSS Version 20.0 for preliminary analysis which helped to identify inconsistencies in responses. As part of the consistency checks in the responses, some questions were deliberately repeated to serve as a crosscheck on earlier responses. Data reliability is a component that ensures research integrity (Quintão et al., 2020). The reliability of the data was checked by pre-testing the questionnaire and interview guide on the field in addition to review by the academic supervisors. This takes care of ambiguous questions in the instruments. Experienced research officials were recruited to undertake the exercise at both the household, local key informants, and institutional informants’ levels. The qualitative data also allow deeper saturation of the results through interviewing many respondents to get the pattern of the responses. 

[bookmark: _Toc167379908]3.7.2 Ethical considerations of the study 
Ethical consideration is key in research in the sense that the consent of the respondents must be met to get the right information (Rogers, 2015). In terms of ethical considerations, the study data collection process went through an ethical clearance process before the fieldwork started. There was a community entry process, informed consent was sought from the respondents through the sectional leaders such as the Chiefs, ‘Tindaabas’, and Assembly Members by way of an introductory letter signed by the Head of the Department of Environment and Resource Management of the SDD-UBIDS. Also, at the respondents’ level, they were assured of the confidentiality of the information they are giving out, and an informed consent form was filled out and endorsed by each respondent as proof. Respondents who could read and write were allowed to go through and complete the questionnaire themselves while the field officers translated the questionnaire from the English language to ‘Dagaare’ (the Native Language) for those who could not read, understand or write.  








[bookmark: _Toc167379909]CHAPTER FOUR
[bookmark: _Toc167379910]CHARACTERISTICS OF URBAN FOOD CROP AND ANIMAL PRODUCTION 
[bookmark: _Toc167379911]4.1 Introduction 
This chapter seeks to present findings on objective one of the study which focuses on the characteristics of urban food crop and livestock production. The chapter highlights several issues; the types of urban agriculture, and the type of animals and crops produced within the urban neighbourhoods across the various zones (inner core, transition, and outer clusters). These thematic analyses are discussed based on climate change adaptions. 

[bookmark: _Toc167379912]4.2. Type of urban agriculture and mode of land acquisition 
[bookmark: _Toc148890632]The study underscores urban households’ participation and non-participation in urban agriculture in the era of climatic stressors. Results on urban dwellers' participation in UA production in the Wa Municipality are presented in Table 4.1. Of the 362 households that participated in the survey, the findings show that the majority (52.8%) of the respondents are engaged in UA. Evidentially, many of the urban farmers are into crop production only, representing about 73.5% of the respondents, while about 10.9% are into animal production only, and only 15.2% are growing crops while at the same time rearing animals (see Table 4.1).

[bookmark: _Toc167368589]Table 4. 1: Participation in Urban Agriculture (N = 362)
	Participation
	Frequency
	Percent

	Yes 
	191
	52.8

	No 
	171
	47.2

	Type of urban farming

	Crop production
	141
	73.8

	Animals production
	21
	10.9

	Both crops and animal production
	29
	15.2


Source: Field Work, 2022


The qualitative findings indicate that farming in urban areas is not a bad idea, but there are several issues affecting its success. These are associated with the nature of urban design and land use planning. Urban planning in Ghana is tailored towards physical development such as building purposes, educational and healthcare facilities, entertainment and recreational centres, and meeting administrative purposes. Urban planning and zoning do not factor in the allocation of land for urban agriculture production. Even though land owners lease lands to people irrespective of their purpose, the type of development on the land is controlled by government machinery through the Town and Country Planning Department and the Lands Commission. This is seen in their work in terms of demarcation and leasing of lands for developmental purposes. Interestingly, landlords are of the view that they never had in mind reserving lands for farming because they consider urban areas prohibited from farming. A landlord said:
” I know that people use their undeveloped land for farming purposes in urban areas, but they later use it for the intended purpose, like building. I have been assisting in the sale of land since I became the family head. What I know is that surveyors reserving land for parks, schools, hospitals, and roads, but I never heard anything like reserving land as a farm."  (KII, June, 2022).

Many landlords were surprised to learn that farming around their houses in the city is possible. Another landlord had this to say:

“Really! I have sold all my farmlands because I never knew I could farm in the city. If I were aware of this, I should have left some portions closer to my house to farm on... even though, one day my children will sell it” (KII, June 2022).
 
Furthermore, it was clear that urban farming before the 1980s was seen as an illegal venture within the city, especially animal production. In recent times, following the 1980s, there have been laws governing farming in the cities. For instance, the findings revealed that the Municipal Assembly by-law is not yet gazetted, but the city authorities are applying the draft and following the Criminal Code Act of 1960. The Criminal Code Act of 1960 in Ghana is a piece of legislation that was introduced and enacted in conjunction with the Criminal Procedure Code (Act 80). In Section 300, the law on animal rearing emphasised on stray cattle, including swine, sheep, and goats. It contains provisions and procedures related to criminal offenses and their punishment. This is seen in the event where farm animals such as goats, sheep, and pigs are confiscated by authorities when found in the city, and the owners are expected to appear before the authorities within ten (10) days. In any case, there are considerations for intensive housing of animals, as the emphasis of the law is on stray animals. However, cattle production is highly prohibited. Vegetable and legume production is legal, while the other crops are not. The reason is that most of the crops, such as cereal, roots, and tubers, are not cultivated for security reasons because criminals can hide in them and commit crimes. In an interview session, a respondent said:
The law states that rearing animals and cropping are not supposed to be done in  urban centers but there was reconsideration with the advent of ‘Operation Feed Yourself’ in the 1970s.  Another law is that stray animals on the street and in town without their owners controlling them should be rounded up by the environmental health department and the owners prosecuted. Again, cattle rearing is prohibited in urban centres but should be done at the farm. And pig   rearing in urban centres is strictly an intensive method of rearing. In crop production, the law stated that only legumes and vegetables should be cultivated in  urban centres but cereals and other crops are prohibited by the law in order not to be hiding places for criminals and breeding places for mosquitoes (KII, June 2022).

[bookmark: _Toc167379913]4.3 Types of Livestock Urban Farmers Rear 
The study revealed that many types of animals are reared in urban spaces. These are grouped into ruminants, such as sheep, goats, and cattle, and non-ruminants, like pigs. Interestingly, the majority of the urban residents raise ruminants: sheep, goats, and cattle. The majority (73.3%) of urban households produce sheep. Again, about 25.7% of the urban households rear goats, and 24.3% rear cattle. However, the majority (75.7%) of urban households do not raise cattle, 74.3% do not rear goats, and 70.0% do not rear non-ruminant animals like pigs (see Figure 4.1). Similarly, the findings hold that urban dwellers keep poultry in and around their neighbourhoods despite the recent effects of climate change. A total of 80.0% of urban residents raise poultry, such as chicken, and 79.0% raise turkey. 68.0% raise ducks, and 52.0% raise guinea fowl (see Figure 4.1).

[bookmark: _Toc167368257][bookmark: _Toc148890764]Figure 4.1: Common Types of Livestock  Urban Farmers Raise
Source: Field Work, 2022

[bookmark: _Toc167379914]4.4 Type of crops urban farmers produce 
In examining urban households' urban farming patterns under climatic difficulties, the study further unraveled the types of crops that are commonly grown in urban neighbourhoods. The results in Figure 4.2 indicate that there are different categories of crops that urban farmers cultivate, namely, vegetables, roots and tubers, legumes, and cereals. Urban farmers also cultivate vegetables like cabbage, which the majority of the farmers, representing 86.4%, grow. This is followed by the growing of pumpkin leaves by about 68.1% of the respondents.  Of the urban farmer population, those who engage in the cultivation of okra and tomatoes are about 62.8% each, and pepper 50.8% (see Figure 4.1). In terms of the growth of roots and tubers, the majority (74.9%) of the urban farmers cultivate yams, and about 54.5% grow cassava (see Figure 4.2). This shows that few roots and tubers are cultivated in urban spaces. The rationale for this pattern of cultivation is that more space is needed for this category of crops to be cultivated, and as such, many types cannot be cultivated at the same time. Field observation showed that yam production is common among urban farmers, though it is done on a small-scale basis (see Figure 4.2).

[image: ]
[bookmark: _Toc148890766][bookmark: _Toc167368258]Figure 4.2: Urban Backyard Yam Farm Airport Residential Area
Source: Field Work, 2022

The study findings suggest that aside from the cultivation of vegetables, urban farmers are interested in growing cereal crops such as maize, representing about 80.1% of the responses. Just a few cultivated millets represent about 12.6% (see Figure 4.3). The result depicts the fact that the limited space in the urban centres cannot support the cultivation of many cereal crops, but the most popular one, like maize, which at least every household with urban space consumes daily, is more cultivated.

[bookmark: _Toc148890767][bookmark: _Toc167368259]Figure 4.3: Common Types of Crops Urban Farmers Grow
Source: Field Work, 2022
The cultivation of maize is also common because millet, such as the traditional varieties, takes a longer time to mature, and with obstructions such as climate change stressors, farmers cultivate crops that are early maturing to reduce climatic effects, such as maize varieties. During field observation, many maize farms were found within the urban space (see Figure 4.4). Furthermore, the results indicate that urban farmers cultivate legumes such as beans and groundnuts/cowpeas. However, the majority, representing about 78% of the responses, favoured the cultivation of beans, while just a few, about 13.6%, grow groundnuts or cowpeas.
 
[image: ]
[bookmark: _Toc148890768][bookmark: _Toc167368260]Figure 4.4: An Urban Backyard Maize Farm at Wa Naporgbakole Extension
Source: Field Observation, 2022

[bookmark: _Toc167379915]4.5 Locations, Land Ownership and Physical Characteristics of Urban Farms 
To deepen the understanding of crops and animal production within urban settings, the study assessed the locational and ownership dynamics of urban farms. The finding shows that the majority (53.4%) of urban farming is done within the homes of the farmers. This suggests that urban dwellers use the piece of land available after building for either crops or animal production. This supports the findings that urban farming is done within farmers’ homes and surroundings. This is followed by the use of riverside for agriculture production, which represents about 37.0% of the responses (see Table 4.2). This signifies that urban farming is possible on any undeveloped land within urban neighbourhoods. The riversides are areas noted for no physical development purposes, such as building, because these sites are mostly waterways or areas liable to flooding and are reserved for water runways. Farmers in the cities, therefore, leverage the availability of these sites to meet their agricultural production purposes.



[bookmark: _Toc148890633][bookmark: _Toc167368590]Table 4.2: Location, Ownership, and Fencing of Urban Farms
	Attributes 
	Frequency
	Percent

	Location

	Roadside
	10
	5.0

	Riverside
	70
	37.0

	Public land
	4
	2.0

	Industrial
	2
	1.0

	Home
	102
	53.4

	Uncompleted buildings
	3
	2.0

	Total 
	191
	100.0

	Urban farmers' land ownership 

	Family/relative
	61
	32.0

	Purchased
	102
	53.4

	Gift
	10
	5.2

	Rented
	16
	8.3

	Others
	2
	1.1

	Total 
	191
	100.0

	Fencing 

	Yes
	184
	96.3

	No
	7
	3.7

	Total 
	191
	100.0

	Materials in fencing urban farms for crop production 

	Block/bricks
	26
	14.0

	Wire mesh
	77
	42.0

	Sticks
	60
	32.6

	Guinea corn stocks
	10
	5.4

	Others
	11
	6.0

	Total 
	184
	100.0

	The housing of animals in urban farming 

	Yes 
	181
	94.7

	No 
	10
	5.3

	Total 
	191
	100.0

	Housing unit for animals 

	Bricks/blocks
	 76
	41.9

	Wooden structure
	 89
	49.1

	Open space
	 16
	9

	Total 
	181
	100.0


Source: Field Work, 2022

On one hand, these areas are in such a way that they support all-year-round farming. In the dry season, crops such as vegetables are grown under the small-scale irrigation schemes of farmers' initiatives, where wells and dugouts are created to facilitate their work. On the other hand, they are used for the cultivation of early vegetables like okra, pumpkin leaves, tomatoes, and maize before the area is flooded in the major rainy season. Interestingly, the ownership regime of the urban farm plots leased where lands are purchased represents about 53.4% of the responses (see Table 4.2). The primary purpose of land acquisition within urban spaces across the world, and for that matter, Ghana, is to control the development and use of land in the public interest. This is seen in physical infrastructural development purposes. Therefore, the key objective of urban land use planning is to ensure that land is utilized efficiently and in a manner that benefits the broader community, and urban farming is among the numerous benefits. This was supported by field observation of production points where dug out wells are used in the dry season and wet season farming along streams and water bodies within the urban surroundings (see Figure 4.5).
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[bookmark: _Toc148890769][bookmark: _Toc167368261]Figure 4.5: Dry Season Vegetables Farm along Stream, Wa Kpaguri Residential Area
Source: Field Observation, 2022

Of the total number of urban farmers, the majority of their farms are located in a fenced environment, representing about 94.7% of the total responses. This shows that fencing farms in urban places is a major activity for farmers and could perhaps be the first practice when the interest is to take up an agriculture production activity. This is done to prevent animals from destroying the crops. During the observation, crop farmers fenced their plots with different materials such as wire mesh, sticks, old zinc, wooden boards, and blocks (see Figure 4.6).

[image: ]
[bookmark: _Toc148890770][bookmark: _Toc167368262]Figure 4.6: An Urban Crop Farm Fenced with Different Types of Materials at Kpaguri Extension 
Source: Field Observation, 2022

However, the use of wire mesh predominated (see Figure 4.7). The use of wire mesh is common due to its availability and accessibility on the market. Also, the wire mesh material is durable as it can be used many times without being damaged, giving full protection to the crops against animal destruction as compared to sticks. To buttress the above point, findings indicate that urban farmers use different materials in fencing their farms. For instance, 42.0% of respondents indicated using wire mesh in fencing urban farms. This is followed by the use of sticks, representing about 32.67% of the responses, though others use bricks, or just a few, about 14.0% of the responses. Fencing of crop farms is a strategy to ensure all-year cropping when water is available for irrigation and, in a way, a climate change adaptation strategy against unreliable rainfall.

[image: ]
[bookmark: _Toc148890771][bookmark: _Toc167368263]Figure 4.7: An Urban Crop Farm Fenced with Wire Mesh at Kpaguri Extension 
Source: Field Observation, 2022

Concerning animal production in the current climatic conditions, farmers keep their animals intensively fenced. Fencing a farm serves some important purposes. For instance, it prevents stock from straying away from the farm and helps to manage stock breeding. This ensures that the animals remain within the desired location, allowing for better control and management of the herd. Additionally, farm fencing helps to protect and divide the property, improving its appearance and providing a clear boundary. Concerning housing of the farm animals, the findings show that urban farmers', under the current climate change, house animals in a confined place within the urban space. The majority of urban farmers, representing about 94.7%, revealed that they house their animals in different types of structures. These animals are housed in wooden structures, representing about 49.1%, while brick or block structures represent about 41.9% of the responses. Just 9.0% of urban farmers practice open space or free-range housing of animals within urban settings.
 
[bookmark: _Toc148890634]From the interviews, institutional-level data portrayed that there are laws regarding spatial planning and zoning. For instance, the Land Use and Spatial Planning Act, 2016 (Act 925) was enacted to replace the Town and Country Planning Act, 1960 (Act 64) to work under the Land Use and Spatial Planning Authority (LUSPA). The results further revealed that, the aim of the Land Use and Spatial Planning Act, 2016 (Act 925) is to promote the sustainable development of lands and the expansion of human settlements through decentralization of the planning system. It was also discovered that there is the Land Act 2020 (ACT 1036), which spells out two categories of land ownership in Ghana: public and private. While the public lands are owned by the government, the private lands are owned by individuals or groups. It was ascertained that the application of the zoning laws is decentralized to the Metropolitan, Municipal, and District Assemblies (MMDAs) to implement. It was clear that the zoning is done based on residential, commercial, industrial, institutional, and special development purposes, even though these are subjected to modifications over time. The result added that, to strengthen the implementation of these zoning, purposes, the policy has been backed by legislation. As such, under the Local Government Act 2016 (Act, 936), any physical development has to undergo a mandatory assessment leading to the issuance of building permits. Within the local government, the planning unit of every MMDA is responsible for issuing the building permit. The permit is granted if such physical development is in line with the zoning that has been done.
 
The study further analysed the relationship between urban farm type and land acquisition by residential class (high, medium, and low) within the urban neighbourhood. The results portrayed that crop cultivation is done across both residential classes, with differences in the number of farmers per class.  Crop production is common in the medium residential class, which represents about 31.9% of the total urban farming households. This is followed closely by the high class residential class, with about 29.3% of the urban household farming population, and that of the low-class, with about 12.6% (see Table 4.3). These results are not statistically significant at alpha 0.05 (p-value = 0.348 > 0.05). Therefore, the results showed a weak relationship between the type of urban farming and the residential class within cities (Cramer’s V = 0.108 > 0.05).

[bookmark: _Toc167368591]Table 4.3: Relationship between Urban Farming Type and Land Acquisition by Residential Class
	Residential 
Class
	Type of urban farming
	Total

	
	Crop
	Animal
	Both crop and animal
	

	High class 
	56(29.3%)
	13(6.8%)
	12(6.3%)
	81(42.4%)

	Medium class
	61(31.9%)
	7(3.7%)
	13(6.8%)
	81(42.4%)

	Low class
	24(12.6%)
	1(0.5%)
	4(2.1%)
	29(15.2%)

	Total 
	141(73.8%)
	21(11.0%)
	29(15.2%)
	191(100.)

	

	Residential 
Class
	Sources of Land 
	Total

	
	Family/
Relatives
	Purchased
	Gift
	Rented
	Others
	

	High class 
	30(15.7%)
	45(23.6%)
	4(2.1%)
	2(1.0%)
	0(0.0%)
	81(42.4%)

	Medium class 
	22(11.5%)
	48(25.1%)
	5(2.6%)
	6(3.1%)
	0(0.0%)
	81(42.4%)

	Low class 
	9(4.7%)
	9(4.7%)
	1(0.5%)
	8(4.2%)
	2(1.0%)
	29(15.2%)

	Total 
	102(53.4%)
	61(31.9%)
	10(5.2%)
	16(8.4%)
	2(1.0%)
	191(100.0%)

	

	***Cramer’s V > 0.25, strong relationship; Cramer’s V > 0.10, moderate relationship; Cramer’s V > 0.05, weak relationship and Cramer’s V > 0, no or very weak relationship 
*** p-value < 0.05, statistically significant; p-value > 0.05, statistically insignificant


Source: Field Work, 2022

Land acquisition is critical to urban farming. Therefore, the study again measured the statistical association between the residential classes and the mode of land acquisition. Although, urban farming takes place in all residential classes, the mode of land acquisition is through purchase. 









[bookmark: _Toc148890635][bookmark: _Toc167368592]Table 4.4: Relationship between Crop and Animals Types by Residential Class
	Type of crop cultivated
	Urban Residential class

	Beans 
	
	High
	Medium
	Low
	Total

	
	Yes 
	58(38.9%)
	64(17.7%)
	27(7.5%)
	149(87.6%)

	
	No 
	10(47.6)
	10(2.8%)
	1(0.3%)
	21(12.4%)

	
	Total
	68(20.1%)
	74(20.5%)
	28(7.8%)
	170 (100.0%)

	

	Maize 
	Yes 
	5(3.0%)
	6(3.6%)
	6(3.6%)
	17(10.2%)

	
	No 
	63(37.0%)
	68(39.9%)
	22(12.8%)
	153(89.7%)

	
	Total
	68(40.0%)
	74(43.5%)
	28(16.4%)
	170(100.0%)

	

	Cabbage 
	Yes 
	67(28.2%)
	71(29.9%)
	27(11.3%)
	165(69.4%)

	
	No 
	1(6.12%)
	3(18.3)
	1(6.12%)
	5(30.6%)

	
	Total
	68(34.3%)
	186(48.2%)
	70(17.5%)
	170(100.0%)

	

	Type of animals
	
	
	
	

	Chicken 
	Yes
	18(35.3%)
	17(33.3%)
	5(9.9%)
	14(27.4%)

	
	No 
	6(11.7%)
	3(5.8%)
	2(3.9%)
	37(72.6%)

	
	Total
	24(49.0%)
	20(39.1%)
	7(13.8%)
	51(100.0%)

	

	Sheep 
	Yes
	17(33.2%)
	8(15.6%)
	4(7.8%)
	29(56.8%)

	
	No 
	7(13.9%)
	12(23.5%)
	3(0.8%)
	22(43.2%)

	
	Total
	24(47.1%)
	20(39.1%)
	7(8.6%)
	51(100.0%)

	

	***Cramer’s V > 0.25, strong relationship; Cramer’s V > 0.10, moderate relationship; Cramer’s V > 0.05, weak relationship and Cramer’s V > 0, no or very weak relationship 
*** p-value < 0.05, statistically significant; p-value > 0.05, statistically insignificant


Source: Field Work, 2022

This is represented by about 25.1% in the medium class and about 23.6% in the high class areas. However, in low-class areas, the mode of acquisition is either through the family or relatives. This represents about 4.7% (see Table 4.3). The mode of land acquisition defines the types of crops and animals farmers produce. The cultivation of different types of crops is associated with the residential class a farmer resides in. It was ascertained that about 38.9% cultivate beans in high class areas, while 39% and 37% do not cultivate maize in medium- and high class areas. Again, in terms of vegetable production, like cabbage, about 29.9% and 28.2% of urban farmers cultivate this crop in medium- and high-class residential areas (see Table 4.4). The results were explicit on crop types such as legumes (beans), cereals (maize), and vegetables (cabbage) to be statistically significant at alpha 0.05 (p-values = 0.001, 0.001, and 0.001 < 0.05), respectively. Hence, there is a relationship between the type of crop an urban farmer cultivates and the residential class the farmer lives in. The study shows that beans, maize, and cabbage have a strong relationship with the type of residential class (Cramer’s V = 0.161, 0.166, and 0.175 < 0.10), respectively. Interestingly, the results showed that about 35.3% and 33.3% of urban farmers produce chicken in the high and medium classes, respectively. Sheep production is said to be in some high-class areas, representing about 33.2% of the urban farmers who are into chicken production. This result indicates a statistically significant difference (p-value = 0.004 and 0.008 < 0.05) in that order. 

[bookmark: _Toc167379916]4.6 Discussions of Major Findings 
[bookmark: _Toc167379917]4.6.1 Type of urban agriculture and mode of land acquisition 
There are urban production activities taking place in the urban area. These urban agricultural producers are in three categories; crop producers, animal producers, and those who are into both crops and animal production. This trend revealed that it is easier to produce crops within the urban space than animals in the era of climate change. This means that despite the increasing climate change effects on agriculture, urban residents are interested in producing within any available space. This does not support the findings of Alimba et al. (2020) that in improving urban food systems, the focus should be higher on the processing and supply value chain than the direct production. This is associated with the fact that the prevailing climatic conditions do not favour animal production within the urban space because they are vulnerable to bad weather. For instance, poultry production is not effective under excessive heat and rain, however, most crops are vulnerable under excessive heat and rain (Kumar et al., 2021). Animal production is expensive in urban settings due to costs relating to feeding and veterinary services coupled with climatic effects resulting in low production in the end. Even though animal rearing in the city meets socio-economic significance the act causes sanitation issues as it makes the surroundings untidy (Abdulai et al., 2020) apart from challenges emanating from thefts. Similarly, Obayelu et al. (2017) argued that pig production in particular is not common in urban surroundings due to the cost involved in feeding and housing as the urban environment is characterised by no or limited space aside from grazing fields. It can also be argued that crop production does not interfere much with other neighbours living within the neighbourhood as compared to raising animals in the city. Animal rearing is quite difficult since they destroy other people's property. In some situations, categories of animals are religiously unacceptable aside from the cost of production. Few households (about 15.2%) are into both crop and animal production. This can be attributed to the limited space to be used for both crops and animal production within cities, unlike the rural settings with vast land. This finding confirms the claim of Pham and Turner (2020) and FAO (2020) who asserted that urban farming is aligned with the production of either crops, animals, or both in an urban neighbourhood. Farmers in the urban area who are into the production of both crops and animals are better off adapting to climate change than those who are not. This is because urban farmers can secure themselves from the produce of one type of farming if one fails due to climatic changes. This means that diversification of agriculture is a way urban farmers adapt their activities to climatic changes. This corroborates the findings that agricultural diversification is a way of tackling the negative consequences of weather (IPCC, 2018a).

Urban farming remains illegal according to the study and agriculture producers within the urban space are liable to punishment under the Criminal Procedure Code (Act 80).  This punishment is in the form of fines. This confirms the claim that animals found in selected urban centres in Ghana shall be confiscated and a fine of GHS 2,00.00 per head shall be paid to the Accountant-General (The Act of Ghana, 2003). The owners either pay a fine or forfeit the animals when they come after the ten (10) days of confiscation (The Act of Ghana, 2003). Again, there are bye-laws that are formulated and implemented by the Municipal Assembly. This confirms that city authorities in Africa formulate and implement bye-laws that ban urban farming (Meenar et al., 2017) particularly animal rearing which has moved from extensive grazing to semi-intensive zero grazing (S. Ahmed et al., 2019). Drawing from the above findings, it is clear that urban crop and animal production are not strengthening stakeholders to increase farmers' capacity and willingness to participate in producing any type of crops and animals of their choice. This suggests that urban farming is not on the developmental agenda of city authorities (Poulsen et al., 2017). Farmers are restricted by the type of crops and animals to produce because it is illegal. The fear of appearing before authorities to answer questions serves as a disincentive for urban crop and animal production. Crops such as vegetables and legumes and animals like sheep, goats, poultry, and pigs are allowed to be produced within urban neighbourhood because these crops complement the food needs of the urban population. However, animal production under the intensive system is encouraged because sanitation related challenges resulting from farm animals will be reduced. 
[bookmark: _Toc167379918]4.6.2 Types of crops and animals produced 
Production of ruminants is common in the urban area. These findings show that it is easier to cater for ruminants under the prevailing climatic conditions in urban settings than the non-ruminants like the pigs. This is as a result of ruminants' resilience to weather changes. Aside from this, the evidence portrayed could be due to the inability of urban farmers to keep non-ruminants under the current climatic situations, and also due to the problem of feeding and space for housing pigs. This confirms the argument that it is costly to raise pigs in terms of feeding and meeting veterinary needs including housing (Dione et al., 2014; Agmas, 2021). Some ruminants such as goats and cattle not reared because of the difficulties in housing and feeding within the urban environment resulting from the unavailability of space. Similarly, the challenge urban farmers face in the type of feeding given to livestock is the potency of nutrient imbalance thus reducing the growth and reproduction of the animals (Schlecht et al., 2019). The narratives revealed that in the attempt to adapt their animal production to climate change urban farmers resort to raising more than one type of animal within cities. This supports the extant literature pointing to the growth of animal production in urban Africa (Wilson, 2018). In this sense, different types of animals are vulnerable to climatic effects differently and urban farmers stand a higher chance of not losing completely in a period of negative climatic effects. For instance, in seasons of excessive rain, sheep are less vulnerable as compared to goats and poultry. In other ways, urban farmers' choices of animals to produce are influenced by religiosity. For instance, many urban farmers do not rear pigs on religious grounds. In the study settings, Islamic religious practitioners are more and they forbid pigs entirely and this has reduced the interest of residents to raise and live with them. To have a peaceful co-existence, many people abstained from the rearing of pigs in some Muslims dominated neighbourhoods. Also, urban farmers' interest in raising animals such as cattle is high due to some religious and social purposes they serve. For instance, cattle and sheep are mostly used for sacrifices during festivities for Muslims and Christians. Also, within the Islam fraternity, sheep are used basically in outdooring and funeral rites performances and this increases farmers' interest in rearing them to meet the demand and also because of these animals' resiliency to adverse weather. This explains the fact that farmers keep animals for socio-cultural reasons (Abdulai, 2022). Climatic stressors such as the outbreak of tropical animal diseases, flooding, and drought affect agricultural production and cannot be precluded in climate change and agriculture discourse (Alemneh & Getabalem, 2017; Kumar et al., 2018; Kibona & Yuejie, 2021). 

This evidence portrayed that urban farmers are interested in rearing poultry more than any other farm animals even though climate change is a serious issue of late. Considering the effects of climate change such as adverse weather on poultry production, urban farmers can produce more fowls and guinea fowls. This is also associated with the fact that poultry is easy to raise and feed compared to non-poultry farm animals (Chantziaras et al., 2014). Household food waste serves as a good source of feed for poultry within homes. Aside from this, the demand for poultry products such as eggs is higher within urban areas as many households derive their nutritional needs from backyard poultry (Shanta et al., 2017). In addition, poultry such as chicken and guinea fowl products are crucial in meeting religious needs such as sacrifices by many people across almost all the religious denominations in Africa. Overall, the findings suggest that there is a strong link between the various uses urban farmers put their animals they rear into and the choice of animals to produce under climate change. This shows that the choice of animals to rear is subject to the belief and faith of the urban farmers. This corroborates the findings that the use of animals for religious purposes varies across different religions and cultures (Boakye et al., 2021). While some religions advocate for the compassionate treatment of animals, others incorporate animal sacrifice as part of their religious rituals. In both Christian, Islamic, and African Traditional religions, animal sacrifice is a key practice that connects people with deities and seeks their blessings. Interestingly, despite the fact that Islamic teaching recognizes humans as powerful over animals, and mistreating animals is considered disobedience of Allah's will, believers rely on them for spiritual gains. It is important to note that while religious beliefs may influence the treatment of animals, there are ethical considerations that should be taken into account to ensure the well-being and welfare of the animals involved. This signifies the connection between animal raising and religious significance which affects farmer participation in rearing animals (Insoll, 2010; Kom et al., 2022), particularly in urban areas. This supports the idea that farmers produce animals they value, not just for rearing sake (Duong et al., 2019). As such, understanding farmers' perspectives and addressing the factors that influence their thinking is crucial for the successful implementation of improved urban livestock production (Balzani & Hanlon, 2020) under the prevailing climatic situations. In addition, farmers' choice in the type of animals to produce is perceptually inclined to the use that they are put into (Alhassan et al., 2018).

Vegetable cultivation is predominant in the urban environment because farmers do not need large plots for it. The cultivation of vegetables is mostly on a subsistence basis even though some could be for sale. The consumption of vegetables such as pumpkin leaves is high among the people within the northern sector of Ghana particularly in the North-western zone. The cultivation of many types of crops points to the diversification of crop production to survive even under the negative effects of climate change as crop resiliency is increased (Rukhsana & Kumar, 2017). The interest in the growth of vegetables is also necessitated by urban farmers' readiness to meet their nutritional values from vegetables despite the negative consequences of climate change. To buttress the above point, the subsistence nature of urban vegetable production means that urban households could rely on minor irrigation in the absence of rainfall due to climate change. This can be done using water from the households. However, those urban farmers whose target is to meet larger urban vegetable markets use irrigation from available water in streams and wells during the dry season. This in a way supports the claim by Mackay (2018) that urban vegetable producers basically target the urban market but this study partly disagreed in that most of the urban vegetable production is for household consumption with minor sales. In northern Ghana, farmers' choices and preferences in livestock farming are influenced by factors such as species, lifespan, housing system, stocking density, and production system. Factors such as farming experience, farm size, soil fertility, temperature, off-farm income, and access to resources can impact farmers' decision-making and practices on the type of crops to cultivate (Alhassan et al., 2018). This confirms the argument that most urban dwellers' choice of crop is more on the cultivation of vegetables to meet the nutritional needs of the population (Mackay, 2018). However, Mackay's (2018) findings do not corroborate with the emphasis that urban vegetable producers are targeting the urban market. Urban farmers' focus is tailored towards yams cultivation because almost every household in Africa consumes yam meals on a daily basis. Even though excessive rain causes erosion on yam farms heavy rainfall is good for its production which does not support the work of Neina (2021) that excessive rain affects yam growth and production. Within the context of Ghana especially, the northern part of the country at least every household on average eats a yam meal every five days (Nweke et al., 2019). Therefore, growing yam is a way to cut down the consumption cost of yams for farming households. Even though the urban space is small for the cultivation of more yams, the urban environment does not have enough trees to be used in staking which is a key agronomic practice in yams cultivation. This supports the findings that farmers stake yams to increase yields (Ennin et al., 2014). This is in line with the assertion that urban farmers cultivate crop like maize instead of vegetables and cash crops (Mackay, 2018). Bean cultivation had a centre stage in urban crop production because of the nutritional values attached to this crop. Within the settings of northern Ghana, beans serve multiple purposes within households and the urban areas are not an exception. Beans are a good source of protein for many households as they are used in the preparation of dishes and the leaves are equally useful vegetables. Therefore, many urban farmers choose to cultivate more beans than any other leguminous crops.

[bookmark: _Toc167379919]4.6.3 Locations, land ownership and physical characteristics of urban farms 
The location of urban farms and land acquisition mode is done by stakeholders. The government may acquire land through a process of compulsory acquisition, which can have consequences on urban land delivery for the poor; however, the results show that land ownership is largely at the individual and family levels. The land tenure system in Ghana allows the government to expropriate farmland in urban areas to meet the growing demand for land. This allows land owners to put their lands into multiple uses including urban farming despite the main purpose being for building. Land tenure security plays a crucial role in attracting investments to urban agriculture within African cities as insecure land tenure hinders the development of urban agriculture and limits the potential for investment and growth (Duvernoy et al., 2018). As a result, improving land tenure security is essential for promoting sustainable urban agriculture and fostering economic development within the African continent. Overall, the goal of land acquisition in urban spaces in Ghana is to promote orderly and sustainable development while balancing the needs of the public and private sectors. Animals are housed in urban farming. This means that urban farmers use intensive farming systems in raising animals within urban settings. This has some climate change implications. Firstly, animals are not exposed to disease-infested environments due to the changing climatic effects. It is also reasonable to note that, the housing of animals helps in the spread of infectious diseases to animals from the environment resulting from climate change. This is obvious because animals are not allowed to have contact with other infectious animals elsewhere on one hand. On the other hand, the incidence of disease could be high among animals confined in one place when one is infested and proper treatments are not given. The intensive system of keeping animals increases the risk of heat stress on animals especially poultry (Mukrimaa et al., 2016). This means that the associated high temperatures resulting from climate change affect animal production when only an intensive system is practiced by urban farmers (Oteros-Rozas, Elisa, 2020; Kumar et al., 2021). However, this does not support the findings of the work of Ferreira et al. (2018) that an intensive farming system is ideal for animal production.

One significant reason for fencing a farm is to promote the successful growth of vegetation in the rangeland. By using fencing, one camp can be used at a time, which allows for rotational grazing and prevents overgrazing in specific areas of animal production. This helps to maintain a healthy ecosystem and to preserve the quality of the vegetation and is linked to climate change mitigations (Ferreira, Guilherme, Mendes, et al., 2018; Kingsley et al., 2021). Furthermore, farm fencing plays a crucial role in disease control. Having stable and secure fences helps to prevent the spread of diseases among livestock. By keeping the animals confined to specific areas, farmers can minimize the risk of disease outbreaks and effectively manage the health of their animals. The reasons for fencing a farm include managing stock breeding, preventing stock from straying, improving property appearance, promoting successful vegetation growth, and controlling disease outbreaks among livestock (See Worley, 2015; Buddle et al., 2018). The study does not support the finding of Osman et al. (2018) that the rearing of small ruminants such as goats and sheep is not regulated by the urban farmers. There are laws on urban zoning and planning in Ghana, but these laws do not integrate urban agriculture in land use planning and zoning (Ezeomedo & Egware, 2018; Nkrumah, 2018; Nchanji & Nchanji, 2022). This affects accessing space for urban agricultural production. The implication is that although urban farming has no place in zoning in Ghana, there is the opportunity to place urban planning under the special development component of the zoning regulations (Chihambakwe et al., 2018; Mackay, 2018; Nchanji & Nchanji, 2022). This will pave the way for land allocations to urban agriculture be it private or government land. This can be initiated by using undeveloped government lands that could support urban food production within the urban neighbourhoods. 

[bookmark: _Toc167379920]4.6.4 Theoretical reflection 
Theoretically, the findings reflect the Social Practice Theory in terms of urban households’ choices of the type of urban farming influenced by the image and understanding attached to urban farming what type of urban agriculture meets the prevailing social norms (Islam & Kieu, 2021). This implies that urban residents’ engagement in urban agriculture and the type of agriculture most suitable for the current climatic environment is directly linked to the social needs of the people around. The production of crops within the urban space is socially appraised by common understanding that there will be good yield despite the climatic stressor. Again, it is presumed that urban farmers have more skills and competencies to produce crops than animals even though the effects of climate change are glairing (Darge et al., 2023). The lower production of animals in urban areas means that urban households have less competency to produce animals under the present climate change conditions. However, the few who are having some climate change adaption strategies in animal production are into animals rearing. It can also be noted that irrespective of climatic effects on animal production, animals are produced to meet social and religious demand of the urban residents such as festivities and ceremonies (Kontothanasis, 2017).  The social practices theory emphasised on stuff which denote the tangibles, materials and technologies that could motivate an individual to take up certain behaviours. Consequently, urban farmers’ behaviour on crop production could be related to the fact that the type and nature of land available is better for crop production than for animal rearing. For instance, valley areas are invariably not suitable for animal production but will be suitable for certain types of crop production which shape farmers choices and location of urban farmers. 

[bookmark: _Toc167379921]4.7 Summary of the Chapter 
This chapter presented the characterization of urban agriculture. The thematic areas that were emphasised include the type of urban farming, the type of urban crops produced, the type of livestock reared and the locations of these urban farms across space. These themes were analysed and discussed and theoretical implications were made.  

[bookmark: _Toc167379922]CHAPTER FIVE
[bookmark: _Hlk160019026][bookmark: _Toc167379923]SPATIAL PATTERNS AND DISTRIBUTION OF URBAN FARMS 
[bookmark: _Toc167379924]5.1 Introduction 
This section presents results on the spatial dynamics and pattern of urban farms across the various zones: the inner core, the transitional zone, and the outer zone. This is meant to understand the spatial relationship between the types of crops and animals that are produced in each zone and the types of housing structures that favour one zone over another. The size of plots for crop production across each zone was also established from geographic coordinates taken on each attribute and plotted on ArcGIS version 10.8 for analysis.

[bookmark: _Toc167379925]5.2 Spatial Distribution of Types of Animals within the Urban Neighbourhood
Drawing from the spatial attributes taken, urban dwellers are into more poultry production than any other animals. The production of poultry shows a decreasing pattern from the inner urban core to the outer core through the transitional zones. The results present the understanding that poultry production is likely to be higher than any other animal within the inner urban core because less space is needed (see Figure 5.1). Unlike cattle, goat and sheep production requires large spaces. Therefore, it is not surprising that poultry production concentration grows outwards from the inner to the outer city. Another insight is that urban population density moves from the core to the periphery, which is associated with the availability of space enough to raise poultry. In many households within the core, the transition to the outer zone means the possibility of more poultry production, all things being equal.  Interestingly, the results further portray similar trends and dynamics in sheep production within the urban centre. The density of sheep producers increases from the inner to the outer core of the city, while the population density decreases from the city core to the outer zone.

[bookmark: _Toc148890790][image: ]
[bookmark: _Toc167368264]Figure 5.1: Spatial Distribution of Type of Animals reared in Urban Farming
Source: Field Work, 2022

Though sheep rearing takes place across all the zones, the density is higher at the core because the urban core is populous with smaller land space compared to the transition and the outer zones (see Figure 5.1). Despite the rearing of sheep being almost the same within the core and the transitional zones, the transition zone is less dense due to its large land area. Again, the core is dominated by the indigenes and by people who are practicing Islam, and they need sheep for religious purposes such as festivities, naming ceremonies, and funeral rites on one side. On the other side, the rearing of sheep is low in the outer city because of the limited households within the setting, notwithstanding the larger land space, which could be an incentive to rear more sheep. Additionally, the outer core is populated by settlers, who are mostly a mixture of people from different religious denominations with no specific and dominant needs for sheep. In some cases, this zone is characterized by residents who are tenants and cannot engage in sheep production because of the difficulties in getting undeveloped plots. The households are also limited, which corresponds with the limited sheep production among the households.
In further analysis of goat production within the space, the findings display similar production patterns among the core and the transition zones. It was clear that goat production is gaining recognition as it moves outward from the city centre though evidence revealed that the city core was the origin of goat production. Unlike goat production around the core, the transition zone also shows signs of residents gaining more interest in the production of goats within the locality (see Figure 5.1). Taking the point further, the study analysed cattle production in the urban surroundings. The results indicate that cattle production is part of urban animals’ production but not a key component. There are few households engaged in cattle production in the urban neighbourhood. Many of the cattle producers are on the fringes of the core zone, in the transitional zone. There is evidence of cattle production being eliminated from the city core, though there are a few producers within this zone (see Figure 5.1).

The study established the relationship between the type of livestock urban farmers rear and the type of zone in which they live. From Table 5.1, the results indicated that there is a significant relationship between poultry production within urban neighbourhoods and the residential class in which farmers live, given a p-value of 0.009 < 0.05. A Cramer’s V = 0.13 > 0.10 showed a moderate relationship between poultry production and the location of farmers within urban zones. Poultry production is higher within the low-class residential area; thus, 62.5% of urban livestock producers are found in this residential zone. Again, 85.0% and 75.0% of the urban farmers who do not keep poultry are found within the medium- and high-class residential zones, respectively. Furthermore, the results revealed that there is a significant relationship between the keeping of goats and the residential class of urban farmers living within the city at an alpha level of 0.05, given a p-value of 0.049 < 0.05. A Cramer’s V = 0.11 > 0.10 showed a moderate relationship between goat production and the location of farmers within urban zones. Goat production is said to be within the medium and high residential classes, with 58.3% and 50.0%, respectively, while 62.5% of urban farmers within the low-class residential area do not keep goats.



[bookmark: _Toc167368593]Table 5.1: Relationship between Type of Livestock Rear by Residential Class 
	Type of Livestock
	Residential Class

	
	High Class
	Medium Class 
	Low Class 
	Total 

	Poultry 
	Yes 
	6(25.0%)
	3(15.0%)
	5(62.5%)
	14(26.9%)

	
	No 
	18(75.0%)
	17(85.0%)
	3(37.5%)
	38(73.1%)

	
	Total
	24(100.0%)
	20(100.0%)
	8(100.0%)
	52(100.0%)

	 and 

	Goat 
	Yes 
	14(58.3%)
	10(50.0%)
	3(37.5%)
	27(51.9%)

	
	No 
	10(41.6%)
	10(50.0%)
	5(62.5%)
	25(48.1%)

	
	Total
	24(100.0%)
	20(100.0%)
	8(100.0%)
	52(100.0%)

	 and 

	Sheep 
	Yes 
	17(4.7%)
	8(40.0%)
	4(50.0%)
	29(55.7%)

	
	No 
	7(70.3%)
	12(60.0%)
	4(50.0%)
	23(44.2%)

	
	Total
	24(100.0%)
	20(100.0)
	8(100.0%)
	52(100.0%)

	 and 

	Cattle 
	Yes 
	24(100.0%)
	17(85.0%)
	7(87.5%)
	48(92.3%)

	
	No 
	0(0.0%)
	3(15.0%)
	1(125%)
	4(7.6%)

	
	Total
	24(100.0%)
	20(51.4%)
	8(100.0%)
	52(100.0%)

	 and 

	***Cramer’s V > 0.25, very strong relationship; Cramer’s V > 0.15, strong relationship; Cramer’s V > 0.10, moderate relationship; Cramer’s V > 0.05, weak relationship and Cramer’s V > 0, no or very weak relationship 

*** p-value < 0.05, statistically significant; p-value > 0.05, statistically insignificant


Source: Field Work, 2022

To add more, the results showed a significant relationship between sheep keeping and the type of residential class urban farmers located (p-value = 0.009 < 0.05), and this relationship is said to be moderate given a Cramer’s V = 0.13 > 0.10. In specific cases, 50.0% of urban farmers who keep sheep are in low-class areas, while 70.3% and 60.0% do not keep sheep in high- and medium-class areas, respectively. Lastly, the result showed a significant relationship between cattle rearing and the residential class farmers' who live in the city (p-value = 0.012 < 0.05), and this relationship is moderate as the Cramer’s V = 0.13 > 0.10. Respectively, most of these farmers—87.5% and 85.0%—live in the lower and medium classes.

[bookmark: _Toc167379926]5.2.1 Spatial distribution of type of animal housing structure 
At this point, the study looked at the types of structures that are used to house farm animals in urban farming and how these structures are distributed across space. Notably, there are three types of housing facilities: wooden structures roofed with zinc, block or brick structures roofed with zinc, and the free range of animals (see Figure 5.2). Free-ranging here implies the act of giving limited or no care to farm animals and allowing them to feed and sleep on their own, either close to or far away from the farmers' place of abode. Firstly, on the grounds of using wooden structures with zinc, urban farmers use pieces of board and zinc to construct temporary or makeshift structures to house these animals, usually within a limited space. Many of these types of housing are predominated within the urban transitional zone into the outer, where discarded pieces of wood and zinc from on-going construction projects are easily available. Just a few people rely on wooden structures to keep their animals in their inner core.
[bookmark: _Toc148890791][image: ]
[bookmark: _Toc167368265]Figure 5.2: Spatial Distribution of Type of Housing Structure in Urban Farming
Source: Field Work, 2022

The next type of housing is the use of bricks or block structures roofed with zinc. This type of housing facility is common within both the inner core and the transitional zones. The core has this type of housing because a stronger and more durable housing system is needed to keep animals safe from intruders and the destruction of people's properties. In these areas, though these structures are temporary, they are maintained well to enhance environmental quality in terms of air pollution and littering of the surroundings. Though the intensive system of rearing animals is earmarked in this zone, befitting structures are needed to serve the purpose. The transitional zone, on the other hand, is classified as a residential area with high-quality housing and surroundings, and there is a need to maintain such quality by all standards, even amid housing animals. Although some farmers could practice the semi-intensive system of housing animals, standard structures are paramount in housing the animals. Another, but uncommon, type of keeping animals is the practice of open space in the free-range system. In this system, animals are not housed; they are allowed to roam, feed, and sleep anywhere within the surrounding area, either near or away from the owners’ residence. This practice is common in less densely populated neighbourhoods where there is enough space to graze and sleep. Even though animals are vulnerable to theft, owners do not spend much on housing and feeding. Results from the study show that most farmers do not practice the free-ranging system of housing. The reality is that the urban environment does not favour this system due to the unavailability of land space, the high human population, and the incidence of theft.

[bookmark: _Toc167379927]5.2.2 Spatial dynamics and distribution of crops farm sizes within the city 
The spatial distribution of farm sizes in urban areas refers to how different sizes of farms are distributed within urban regions. In terms of the spatial distribution of crop production, the plot sizes were analyzed. The size of farm plots was assessed based on plots less than 0.3 acres, 0.3 acres, half an acre, and an acre. To start with, the results from the spatial data exhibited almost equal distributions of farm plots of less than 0.3 acres of land across the city core and the transitional zones. This pattern, to some extent,, explains the fact that there are limited spaces for cultivation within these areas, but residents leverage any small plots that can aid the cultivation of vegetables on a subsistence basis within households (see Figure 5.3). The transitional zone development is still within the early development stage, where pieces of land are still available after developing lands acquired for physical development purposes. Irrespective of the fact that the transitional zone is less populous than the core, almost every household within this neighbourhood could have at least a piece of land less than 0.3 acres to cultivate crops for household consumption. Another crucial point to note is that crop production in the urban area on plots of 0.3 of an acre is predominated in the transitional zone of the city. Aside from the transitional zone, there are traces of plots of up to 0.3 of an acre in the less populous zone called the outer core.
[bookmark: _Toc148890792][image: ]
[bookmark: _Toc167368266]Figure 5.3: Spatial Distribution of Crop Farm Sizes in Urban Farming
Source: Field Work, 2022

The spatial distribution of urban farms and gardens refers to how these agricultural spaces are dispersed throughout a city or urban area. Understanding their distribution can provide insights into the accessibility, availability, and equity of these green spaces within the urban environment. Also, crop plots with a size of 0.5 of an acre were found to be within the transitional zone of the city. This reflects a typical competitive demand for space between physical development activities, social centres, and agriculture.
 
From the interviews, the production of crops and animals within the urban area has an association with actors such as the MoFA departments, such as the Crop and Animals Departments. These departments are critical to the type of fencing urban farmers are to adopt in crop cultivation and the nature of housing units for animal production in the era of climate change. The type of housing that should be climate-friendly could be recommended for urban animal producers. In line with this, the qualitative results show that agricultural extension services are available but not accessible within the municipality by urban farmers. This is seen more in crop production because most agricultural extension services are tailored towards farmers in the peri-urban and rural parts of the municipality. This is because urban crop producers are considered to be small scale producers compared with rural farmers. However, it was ascertained that urban animal producers do access veterinary services from the Ministry of Food and Agriculture (MoFA). The provision of veterinary services to urban animal farmers is an important aspect of ensuring the health and well-being of livestock in urban areas. These services play a crucial role in maintaining the productivity and sustainability of urban farming systems. Veterinary professionals who specialize in farm-oriented practices can provide valuable guidance and advice to urban animal farmers on various aspects of animal health, including disease prevention, nutrition, and general care. By offering their expertise, these professionals contribute to the overall success and viability of urban farming systems. In line with providing veterinary services, a respondent said:
“…We hardly visit people who grow crops within the town because they are into very small-scale production, and it is very difficult to meet them at home as many of them go to their work places. This does not encourage us to provide services to them…” (Key informant interview, 2022).
Another respondent explained as follows:
“…We have been providing veterinary services to people who are keeping animals in their houses. The services are not only vaccinating animals but also how to keep the animals fit and free from diseases through feeding and housing...” (Key informant interview, 2022).

[bookmark: _Toc167379928]5.3 Spatial Statistics on Characterization of Urban Farms 
[bookmark: _Toc148890662]The study analysed the nearest neighbour ratios of the types of animals and housing locations in the urban localities and the spatial distribution of the urban farm sizes as analysed (see Appendices C1, C2, and C3). This was meant to obtain numerical values to describe the extent to which the location of these attributes is frequency comparative with other locations. In this, the analysis assumes whether one attribute is clustered, uniform, or dispersed across the space. The analysis revealed that, given the z-score of -11.176 in poultry production locations within the city, there is a less than 1% likelihood that this clustered pattern could be the result of random chance. Again, given the z-score of -9.251 in sheep production locations, there is a less than 1% likelihood that this clustered pattern could be the result of random chance. Similarly, given the z-score of -6.770 in goat production locations, there is a less than 1% likelihood that this clustered pattern could be the result of random chance. However, given the z-score of -2.387 for cattle production locations, there is less than a 5% likelihood that this clustered pattern could be the result of random chance (see Table 5.1). 
 
[bookmark: _Toc167368594]Table 5.2: Spatial Statistics on the Distribution of Urban Farm 
	Farm feature 
	Nearest neighbour ratio
	z-score
	p-value

	Animal type  

	Poultry
	0.585
	-11.176
	0.000

	Sheep 
	0.614
	-9.251
	0.000

	Goat 
	0.712
	-6.770
	0.000

	Cattle 
	0.785
	-2.387
	0.016

	Type of housing 

	Walls roofed with zinc
	0.412
	-20.288
	0.000

	Wooden structure roofed with zinc 
	0.460
	-14.851
	0.000

	Open space
	1.339
	1.947
	0.051

	Crop farm sizes 

	Less than 0.3 an acre
	0.478
	-20.374
	0.000

	0.3 an acre
	0.536
	-6.817
	0.000

	0.5 an acre
	1.226
	1.372
	0.169

	1 acre
	0.795
	-1.172
	0.240


Source: Field Work, 2022

Evidentially, narrowing down to the locations of the type of housing location cross space, three types were identified; housing in walls roofed with zinc, wooden structures roofed with zinc, and open space or free-ranging practice. Given that the z-score of housing animals in structures with walls and roofs covered with zinc is -20.288, there is a less than 1% likelihood that this clustered pattern could be the result of random chance. In the same way, given the z-score of -14.851 for wooden structures roofed with zinc, there is a less than 1% likelihood that this clustered pattern could be the result of random chance.

However, the case is different for open space or free-range practice, given the z-score of 1.947, there is a less than 10% likelihood that this dispersed pattern could be the result of random chance. Subsequently, the locations of farms for crop production by sizes (> 0.3, 0.3, 0.5, and 1) were analyzed. Given that the z-score of -20.374 for crop farm size is >0.3 acres, there is a less than 1% likelihood that this clustered pattern could be the result of random chance. Furthermore, given the z-value of -6.817 for a crop farm of 0.3 acres, there is a less than 1% likelihood that the clustered pattern could be the result of random chance. To add more, given that the z-score of 1.372 is for a crop farm size of 0.5 acre, the pattern does not appear to be significantly different than random. Similar to this, given that the z-score is -1.172 for a crop farm size of 1 acre, the pattern does not appear to be significantly different than random. Furthermore, the spatial structure of animal populations in cities can be categorized as aggregated, random, or dispersed. These categories are based on the hypothesis of the stationarity of the process. Aggregated distribution refers to animals being clustered in specific areas; random distribution means they are evenly distributed; and dispersed distribution means they are scattered throughout the urban landscape. Overall, the spatial distribution of animal housing in cities can vary depending on the species, habitat availability, and human influence.

[bookmark: _Toc167379929]5.4 Discussions of Major Findings 
[bookmark: _Toc167379930]5.4.1 Spatial dynamics of types of animals within the urban neighbourhood
Raising animals in higher population density areas under climate change can have various effects. High environmental temperatures, which are often associated with climate change, can compromise the reproductive efficiency of farm animals, leading to a negative impact on milk, meat, and egg production (Nardone et al., 2010). Climate change can also affect livestock growth rates, as well as milk and egg production globally (Cheng et al., 2022). In response to climate change and the need for increased productivity, farming units may increase in size with fewer animals per area unit, aiming for greater efficiency under intensive conditions (Shields & Orme-evans, 2015). However, it is important to note that pushing animals to increase productivity through selective breeding, the use of hormones, or other means may also have unintended consequences. Additionally, if the density of animals in a specific area exceeds its environmental carrying capacity, it can lead to compensatory increases in demographic parameters and population growth (Jaatinen et al., 2021). It is crucial to consider the environmental, welfare, and productivity implications when raising animals in high-density areas under the influence of climate change. This, in one way or the other, results from the difficulties in rearing goats in a highly populated environment such as the city core. Goats by nature are destructive and difficult to control when not in a confined place. Therefore, the intensive system of rearing animals best fits this zone which needs maximum care and protection (Osman et al., 2018). Care for feed and water is paramount to protect against theft. However, the transition zone has enough space for housing goats, especially for the semi-intensive system where animals graze outside during the day but are confined in the evening. To add more, the goat does not have much socio-cultural significance to the residents within the core particularly; the Muslim fraternity values livestock that supports their religious values and performances. 

The pattern in goat production shows an expansion into the outer core of the city. This means that the zone has more potential such as land availability due to the lower density of the space which promotes easy housing of goats and the practice of semi-intensive systems at less cost. Cattle production is not key in urban animal farmers. This pattern reflects the difficult situation accompanying cattle production in terms of housing and feeding. Cattle production is easier when under a semi-intensive system rather than an intensive system. This is a reflection on why urban dwellers are interested in raising animals within the city core (Osman et al., 2018; Wood et al., 2021). The transitional zone has more potential to rear animals such as the availability of land space for houses and easy feeding of the cattle. This means that the patches of animal production found within the city mean that residents have a peculiar interest in cattle. This could be attributed to the use of animals for sacrifices during Muslim celebrations which is the dominant religious denomination at the urban core. This reiterates the fact that animal producers’ choice in the type of animals is defined by the socio-cultural values they attach to them. 

[bookmark: _Toc167379931]5.4.2 Spatial distribution of type of animal housing structure
Wooden structures are not common in housing animals in urban farming. The reason could be the unavailability of space to form these structures as land is highly competitive within this zone. The findings contradict the argument by Asadu et al. (2021) that animals reared in the cities are allowed to roam freely. Innovative, integrated, and self-sufficient shelter designs can be implemented for climate change adaptation in animal agriculture through a multidisciplinary approach. When it comes to outdoor housing, animals are typically maintained in groups within outdoor runs, pens, or other large enclosures. Livestock producers have adapted to climate change by shifting from cropping to grazing and adopting mixed farming systems. To address extreme weather events and future climate conditions, it is important to design and implement new housing structures for animal agriculture, considering the needs of the animals and the challenges posed by climate change. Again, livestock are highly vulnerable to climate change and biodiversity loss, making it crucial to develop housing structures that provide suitable conditions for their well-being and survival. As such, the effects of climate change on livestock diseases depend on geographical region, land use type, disease characteristics, and animal susceptibility (Cheng et al., 2022). In a livestock context, adaptation actions can be classified into animal responses, management actions, and resource management (Rojas-downing et al., 2017). To provide housing structures that can adapt to climate change, it is important to consider innovative, integrated, and self-sufficient designs. This can be achieved through a multidisciplinary approach that takes into account the specific needs of the animals and the changing climate conditions (Ambazamkandi et al., 2015). While there may not be specific information about the type of housing structures for animals and climate change adaptations in the provided context, it is important to consider factors such as temperature regulation, ventilation, insulation, and protection from extreme weather events (Garber et al., 2011). Additionally, livestock producers have been adapting to climate change by shifting from cropping to grazing and adopting mixed farming systems (Gaughan et al., 2019). The impact of climate change and biodiversity loss on livestock and plants is significant, as these breeds and species cannot be easily replaced naturally (Rojas-downing et al., 2017).

[bookmark: _Toc167379932]5.4.3 Spatial dynamics and distribution of crops farm sizes within the city
Even though, urban farm sizes are less than an acre of land, there are some farms that are less than 0.3 of an acre within the outer core. This is a result of a low population because most of these plots are said to be undeveloped but are under strong and legal acquisitions by individuals from the original owners through purchase or leasing. Therefore, though these lands are not developed the ownership regimes do not permit urban residents who are interested in farming to get a parcel to produce crops. Urban farmers could make a lot from this undeveloped land but the challenges surrounding land acquisition restrict interested people in their bit to cultivate crops in these settings (Halvey et al., 2021). Urban farms are located almost across all the zones within the urban space. This means that food demand in the urban centre is high. This is in line with the fact that urban farmers are located in areas with unsecured food (Meenar, 2017). However, the location of urban farmers is subjected to space availability and this does not support the idea of Taylor and Lovell (2012) who argued that urban farms' location is based on farmers’ local knowledge. The results also gave an insight into small spaces for urban farming. This corroborates the work of Cattivelli (2020) who asserted that most urban farms are not more than 250 meters square and are located across the municipality. However, the study disagreed with the augment by Campbell et al. (2022) that urban farm sizes do not exceed 5 acres, because, this study’s finding indicates that urban farm sizes rarely exceed an acres. This can be argued along the lines of available urban planning policies in favour of urban agriculture as the study is done in the global north. As urban agriculture has become a popular activity in many cities in recent times, there is a need for proactive measures to integrate the act into urban land use planning. There is little attention to integrating urban agriculture into land use planning as identified in the study. This is enough, to disagree with the assertion of Halvey et al. (2020) that there are innovative measures and support to intensify urban agriculture through policies. 

There is competition for land demand for physical infrastructure. This affects agricultural production as people's interest is in the use of land for building houses, shopping centres, roads, social centres, schools, and hospitals just to mention but a few to the detriment of urban crop production with the city centre. The economic value of lands within this zone in most instances is said to be more profitable than crop production (Adam, 2019; Akinyemi & Mushunje, 2019; Ali et al., 2019; Tang et al., 2020). Though at the transitional zone of the city, there is also a competing need for lands there seems to be more undeveloped lands for agriculture production. This opportunity widens as one moves away to the outer zone within the city but fewer farms are there because there are few people residing within these zones. Though there could be lands available for farm plots within the transitional and out zone few farms are there because of the challenge in acquiring plots for them despite they being undeveloped. The study underscores that just a few urban farmers have plot sizes up to an acre. Most of these plots are located within the transition zone of the city. This picture indicates the fact that there is limited land available within the city core and one hardly gets a plot of land up to an acre for crop production. Comparatively, the transition zone is more likely to have enough space up to an acre of land for crop production. All things being equal, there are supposed to be more crop plots within the outer zone of the city but there are limited crop lands because of the limited households that are found resulting from sparsely densified region. With time, as the population increases, the number of croplands increases but the plot sizes are likely to decrease due to the competition for space in physical development (Feldt et al., 2020). Providing knowledge to urban livestock farmers is crucial for reducing zoonotic infections and improving their practices (Lindahl et al., 2015). Farmers' actions and activities can have an impact beyond their farms, affecting other farmers as well. Understanding the perceptions and knowledge of livestock farmers, including their diet and interactions with other animals, is essential for effective management in peri-urban areas (Wulandari et al., 2021); Bhattacharjee et al., 2022). The spatial distribution of animal housing structures in cities for climate change adaptations is an area of growing research interest. Suitable modifications in shelter design are needed to address the impacts of climate change on livestock. These modifications aim to alleviate thermal stress and mitigate methane emissions (Escarcha & Zander, 2018). Additionally, nature-based strategies (NBS) can play a role in reducing climate change hazards in cities. The NBS, such as parks and open spaces, can contribute to climate change adaptation by providing suitable habitats and ecosystem services for animals (Hobbie & Grimm, 2020). However, specific information regarding the spatial distribution of animal housing structures in cities for climate change adaptations may be limited.

[bookmark: _Toc167379933]5.4.4 Theoretical reflection 
The study findings on spatial dynamics of urban agriculture production across the urban environment has relations with the social practice theory. The theory is anchored by the notion that people’s practices are defined by the images, that is to say the symbols, social norms and common understanding. The dominance of poultry such as fowls and guinea fowls production across the urban core and transitional zones could be determined by the social norms and desire of urban farmers. This also means that residents of these zones have gotten the understanding on how these types of poultry are produced even though the climatic stressor could affect production. The understanding is that their knowledge base in adapting their animal production to climate change is enough to increase production under climatic stressors such temperature and heavy rain fall that could lead to unfriendly housing environments for poultry. The result could be the outbreak of animal diseases due to the nature of rainfall and temperature fluctuations. The theory again reflects the understanding that urban farmers have adequate knowledge of the type of animal housing structure that are climate change friendly, the construction of bricks or blocks roofed with zincs and wooden structures roofed with zincs. The social practice theory also reflects the understanding that is widely recognized that climate change can have significant implications for livestock, including effects on growth rates, milk and egg production. It is important to note that the perception of climate change and adaptation strategies among livestock farmers can vary depending on the region. Overall, the impact of climate change on animal production is a complex issue, and more research is needed to fully understand its effects. Additionally, engaging farmers and valuing their local knowledge can be beneficial in designing effective strategies to address climate change in the context of livestock production. Interestingly, the social practice theory reflects the point that urban framers with the core and the transitional zones have the skills and techniques in producing with small plots of land not exceeding 0.3 of an acre while adapting to climatic stressors. The materials to undertake urban agricultural production activity which the social practice theory see as stuff are available to materialize the interest in urban agricultural production. 
[bookmark: _Toc167379934]5.5 Summary of the Chapter
This chapter presented the spatial dynamics of urban farming in the Wa Municipality. The areas covered are the spatial distributions of urban agricultural activities including crop production, animal production and the farm sizes across the urban neighbourhood. A statistical analysis are done on each of these teams outlined above and discussions were done along the line. Also, theoretical implications of the results were outlined. 









[bookmark: _Toc167379935]CHAPTER SIX 
[bookmark: _Toc167379936]DEMOGRAPHIC FACTORS INFLUENCING URBAN HOUSEHOLDS' AGRICULTURE PARTICIPATION 
[bookmark: _Toc167379937]6.1 Introduction 
This chapter presents the determinants of urban residents’ participation in urban food production. The influential factors used are the respondents' socio-economic and demographic characteristics. This constitutes objective one of the study, which seeks to determine the socio-economic and demographic factors that influence urban dwellers' participation in urban agriculture. The analysis is based on a binary logistic model.

[bookmark: _Toc167379938]6.2 Demographic Features of the Respondents
In this section, the demographic features of the respondents are presented. Results from the survey indicated that urban food producers between the ages of 31 and 40 represent about 39.0%. This is closely followed by those who are within the age category of 41–50 years. The fewest respondents are those who are within the age category of 61 years and older, representing about 2.8%. The results further revealed that there are more male respondents than females, representing, about 71.0% and 29.0%, respectively. Furthermore, the majority of the respondents are married, representing about 73.8%; 15.7% never married; and only 3.6% of them are separated. Evidentially, the employment status is such that, the majority of the respondents are employed, representing about 82.6%, and only 17.4% are unemployed. About 57.7% of the respondents are engaged in the informal sector, and about 42.3% are working in the formal sector. Interestingly, the respondents have attained either a tertiary education level or a second cycle level, which represents about 40.3% and 29.8%, respectively. Only 18.0% had no formal education, and 11.9% had some basic education (see Table 6.1). The study also tried to identify whether the respondents were natives or settlers. The results showed that the majority of them are sellers, representing about 74.6%, while only 25.4% are natives.




	[bookmark: _Toc148890680][bookmark: _Toc167368595]Table 6.1: Demographic Features of Urban Residents (N = 362)

	Demographic Features
	Frequency
	Percent

	Age in complete years

	18 – 30
	42
	11.6

	31 – 40
	141
	39.0

	41 – 50
	138
	38.1

	51 – 60
	31
	8.6

	61 and above 
	10
	2.8

	Sex

	Male 
	257
	71.0

	Female 
	105
	29.0

	Marital Status

	Never Married 
	57
	15.7

	Married 
	267
	73.8

	Separated 
	13
	3.6

	Widow/Widower
	25
	6.9

	Employment Status

	Employed 
	299
	82.6

	Unemployed 
	63
	17.4

	Employment Type

	Formal 
	153
	42.3

	Informal 
	209
	57.7

	Educational Status 

	No Formal Education
	65
	18.0

	Basic Education/Middle School
	43
	11.9

	SHS/Secondary/Vocational
	108
	29.8

	Tertiary 
	146
	40.3

	Resident Type
	
	

	Natives
	92
	25.4

	Settlers 
	270
	74.6

	Household Size

	1 – 5 Members 
	231
	63.8

	More than 5 Members 
	131
	36.2

	Household Monthly Income (GHS) 

	0 = < 1, 000.00
	196
	54.1

	1 = > 1. 000.00
	166
	45.9


Source: Field Work, 2022

The majority of the respondents’ households have between 1 and 5 members, while those with 6 or more members are about 36.2%. It was clear that about 54.1% of the respondents’ households’ monthly income is less than GHS 1,000.00 (at the time $1.00 = GHS 11.54), and those having monthly income beyond GHS 1,000.00 (at the time $1.00 = GHS 11.54) are 45.9% (see Table 6.1). Household sizes and participation in urban agriculture in climate change situations can be correlated.
[bookmark: _Toc167379939]6.3 Urban Dwellers Participation in Urban Food Production 
To get a deeper understanding of urban residents’ participation in agricultural production, the study results showed that, 52.8% of the respondents were into urban agriculture, while 47.2% were non-participants in urban agricultural food production. This was analysed on a zonal basis. Overall, urban food producers are found in the medium and high-class residential zones; about 42.4% are living in the medium-class zone, and the high-class zone is about 41.9% (see Table 6.2). Likewise, the main purpose of acquiring lands that are now used for food production in urban settings is for residential purposes, which the majority of urban farmers (82.0%) attest to. Those who acquired farm plots for agriculture are only about 15.0%, while not more than 1.0% of lands acquired for either educational or commercial purposes are used for urban cultivation (see Table 6.2). To give a deeper understanding of urban residents’ participation in urban farming, the study explores the relationship between the socio-economic and demographic factors of urban dwellers and their participation in urban food production.

[bookmark: _Toc148890681][bookmark: _Toc167368596]Table 6.2: Urban Farmers Land Access by Residential Classes
	Participation in urban agriculture 
	Frequency 
	Percent

	Yes 
	191
	52.8

	No 
	171
	47.2

	Participation in UA by Residential Zone

	Low Class
	30
	15.7

	Medium Class
	81
	42.4

	High Class 
	80
	41.9

	Total 
	191
	100.0

	Accessing land for UA

	Easy to access 
	21
	10.8

	Difficult to access
	121
	63.4

	No idea 
	49
	25.8

	Total 
	191
	100.0

	The main purpose for acquiring land now used for UA

	For residential purpose 
	157
	82.0

	For farming purpose 
	30
	15.0

	For educational purpose 
	2
	1.0

	For commercial purpose 
	2
	1.0

	Total 
	191
	100.0


Source: Field Work, 2022

The rationale is to establish whether the respondents' socioeconomic variables have some significant association with their participation in urban food production. The analysis was done by cross-tabulation and testing of independent associations using chi-square (see Table 6.2). Evidence showed that out of the 191 respondents who are into urban food production, it was clear that those within the age bracket of 31–40 years are more, representing about 40.8%, and this was followed closely by those within the age category of between 41 and 50 years old, which is also about 37.9%. Again, a chi-square test on the association between age and respondents’ participation in urban food production showed a statistically significant association at an alpha level of 0.05 (p-value = 0.016 < 0.05). 

Comparatively, the results showed that urban farmers who are males represent about 72.8% of the farmers’ population, while only about 27.2% are females. Further analysis from the chi-square revealed that there is no association between gender and urban dwellers' participation in food production in their neighbourhoods as at alpha 0.05 (p-value = 0.430 > 0.05). Concerning participants’ marital status and their participation in urban food production, about 78.0% are married, and the chi-square test showed a significant relationship at alpha 0.05 (p-value = 0.007 < 0.05). Regarding the employment status of the respondents and their participation in urban farming, those who are employed represent about 80.0%, while the unemployed are about 20.0%. (See Table 6.2) The relationship between the respondents’ employment status and their participation in urban agriculture is statistically insignificant (p-value = 0.186 > 0.05). However, in terms of the type of employment, the respondents engaged in the informal sector are about 52.4%, while those employed in the formal sector are about 47.6%, which is statistically significant at alpha 0.05 (p-value = 0.016 < 0.05). Narrowing down to the educational level of the respondents, those who have attained a tertiary educational level are likely to participate in urban farming, representing about 44.5% of the respondents. The chi-square test showed a statistically insignificant association between respondents’ educational status and their participation in urban agriculture (p-value = 0.141 > 0.05). Similarly, in terms of residential status, the majority of the respondents are settlers, representing about 74.0%, and the natives, representing about 26.0%, which indicated no association between the residential status of the respondents and their participation in urban farming (p-value = 0.724 > 0.05) on the one hand.
[bookmark: _Toc148890682][bookmark: _Toc167368597]Table 6.3: Association between Demographic Variables and Participation in UA Production.
	Participation in UA
	Age of respondents – Frequency (%)

	
	18 – 30
	31 – 40
	41 – 50
	51 – 60
	61+
	Total

	Yes 
	17(8.9)
	78(40.8)
	71(37.2)
	15(7.9)
	10(5.2)
	191(100.0)

	No 
	25(14.6)
	63(36.8)
	67(39.2)
	16(9.4)
	0(0.0)
	171(100.0)

	Total 
	42(11.6)
	141(39.1)
	138(38.1)
	31(8.5)
	10(2.7)
	362(100.0)

	

	Participation in UA
	Gender of respondents – Frequency (%)
	

	
	Male
	Female
	Total 

	Yes 
	139(72.8)
	52(27.2)
	191(100.0)

	No 
	118(69.0)
	53(31)
	171(100.0)

	Total 
	257(80)
	105(20)
	362(100.0)

	

	Participation in UA
	Marital status of respondents – Frequency (%)
	Total

	
	Never Married
	Married
	Separated
	Widow/Widower
	

	Yes 
	24(12.5)
	149(78.0)
	2(1.0)
	16(8.4)
	191(100.0)

	No 
	33(19.2)
	118(69.0)
	11(6.4)
	9(5.2)
	171(100.0)

	Total 
	57(15.7)
	267(73.7)
	13(7.6)
	25(14.6)
	362(100.0)

	

	Participation in UA
	Employment status of respondents – Frequency (%)

	
	Employed
	Unemployed
	Total

	Yes 
	153(80.0)
	38(20.0)
	191(100.0)

	No 
	146(85.3)
	25 (14.7)
	171(100.0)

	Total 
	299(83.0)
	63(17.0)
	362(100.0)

	

	Participation in UA
	Type of employment – Frequency (%)

	
	Formal
	Informal
	Total

	Yes 
	91(47.6)
	100(52.4)
	191(100.0)

	No 
	62(36.2)
	109(63.8)
	171(100.0)

	Total 
	153(42.2)
	209(57.6)
	362(100.0)

	

	Participation in UA
	Educational status of respondents – Frequency (%)

	
	No Formal Education
	Basic School
	Secondary school
	Tertiary
	Total

	Yes 
	37(19.3)
	21(10.9)
	48(25.1)
	85(44.5)
	191(100.0)

	No 
	28(16.3)
	22(12.8)
	60(35.0)
	61(36.2)
	171(100.0)

	Total 
	65(17.9)
	43(25.1)
	108(29.0)
	146(40.0)
	362(100.0)

	

	Participation in UA
	Residential status of respondents – Frequency (%)
	

	
	Natives
	Settlers
	Total

	Yes 
	50(26.0)
	141(74.0)
	191(100.0)

	No 
	42(24.5)
	129(75.5)
	171(100.0)

	Total 
	92(25.4)
	270(74.6)
	362(100.0)

	

	

Participation in UA
	

Household size of respondents – Frequency (%)
	

	
	1 – 5 people
	More than 5 people
	Total

	Yes
	83(43.4)
	108(56.6)
	191(100.0)

	No
	113(66.0)
	58(34.0)
	171(100.0)

	Total
	196(54.1)
	166(45.9)
	362(100.0)

	

	Participation in UA
	Monthly income status of respondents (GHS) – Frequency (%)

	
	< 1, 000.00
	> 1,000.00
	Total

	Yes
	115(60.1)
	76(30.9)
	191(100.0)

	No 
	116(67.8)
	55(32.2)
	171(100.0)

	Total 
	231(63.8)
	131(36.2)
	362(100.0)

	


Source: Field Work, 2022

On the other hand, households with a size of more than 5 people, indicating about 56.6%, go into urban farming more than households with a membership of less than 5 people, which is about 43.4%. Further analysis indicated that there is a statistically significant relationship between the number of people per household and a member of such households participating in urban food production (p-value = 0.001 < 0.05). About 60.1% of the respondent’s household income is > GHS 1,000.00, while income that is < GHS 1,000.00 is about 39.9% and at an alpha of 0.05 (p-value = 0.132 > 0.05).

[bookmark: _Toc167379940]6.4 Demographic Determinants of Participation in Urban Food Production
In this section, the study presents the binary logistic regression model of the respondents’ demographic predictors that determine urban households’ participation in urban agriculture (see Table 6.4). The variables of the respondents used are age, marital status, employment type, educational status, household size, and household monthly income. This was analysed using the odds ratio and p-values to determine which of these respondents' characteristics influence urban households' participation in urban agricultural production. The results show that respondents who are 60 years and older, 31–40 years, 41–50 years, and 51–60 years are 0.3, 0.4, 0.5, and 0.6 times more likely to participate in urban agricultural production, respectively, than those within the age bracket 18–30 years (see Table 6.4).
 



[bookmark: _Toc148890683][bookmark: _Toc167368598]Table 6.4: Socio-economic determinants of participation in UA production.
	Explanatory variables/predictors
	Participation in UA production

	
	Odd-ratios
	P-value
	Standard Error

	Age 

	18 – 30 (Reference Category)
	1.00
	
	

	31 – 40
	.431
	.742
	.868

	41 – 50
	.461
	.627
	1.251

	51 – 60
	.605
	.461
	1.562

	 61 and above 
	.267
	.999
	.000

	Marital Status

	Never Married (Reference Category)
	1.00
	
	

	Married 
	.657
	2.168
	.239

	Separated 
	.565
	1.324
	.619

	Widow/Widower
	.960
	11.813
	.010

	Employment Type

	Formal (Reference Category)
	1.00
	
	

	Informal 
	1.112
	.756
	.342

	Educational Status

	No Formal Education (Reference Category)
	1.00
	
	

	Basic Education/Middle School
	.647
	.346
	.462

	SHS/Secondary/Vocational
	.930
	.865
	.425

	Tertiary 
	1.430
	.283
	.333

	Household Size

	1 – 5 members (Reference Category)
	1.00
	
	

	More than 5 members 
	.497*
	.011
	277

	Household Monthly Income (GHS)

	< 1, 000.00 (Reference Category)
	1.00
	
	

	> 1. 000.00
	3.312**
	.001
	.293

	**p ≤ 0.01 *p ≤ 0.05
	
	
	


Source: Field Work, 2022

The results are statistically insignificant (p-value = 0.999, 0.742, 0.627, and 0.461 > 0.05). The above results imply that there is no relationship between the age of urban household heads and their participation in urban agricultural production. Again, the results from Table 6.4 indicate that respondents who are either separated, married, or widows/widowers are 0.6, 0.7, and 1.0 times more likely to participate in urban agricultural production, respectively, than those who are single. This indicates an insignificant statistical relationship (p-value = 1.324, 2.168, and 11.813 > 0.05). Likewise, respondents who are in the informal employment sector are 1.1 times more likely to participate in urban agriculture than those who are engaged in the formal sector. The findings portrayed an insignificant statistical analysis (p-value = 0.756 > 0.05). Urban households’ participation in urban agriculture is not determined by the type of employment they are into. In terms of the educational status of the respondents, the analysis shows that household heads who have attained basic/middle school, senior high school (SHS), secondary/vocational schools, and tertiary are 0.6, 0.9, and 1.0 times more likely to participate in urban agriculture than those who have no formal education.

However, the results are insignificant (p-value = 0.3, 0,865, and 0.283 > 0.05) (see Table 6.4). This means that urban household heads’ educational status does not determine one's participation in urban agriculture. In addition, evidence revealed that urban households with more than 5 members are 0.5 times more likely to participate in urban agriculture than urban households with members between 1 and 5. This is significant (p-value = 0.011 < 0.05). The results show that the household size of an urban household determines their participation in urban agricultural production. Further analysis found that urban households with a monthly income > GHS1000.00 are 3.3 times more likely to participate in urban agriculture than those with a monthly income < GHS1000.00. This is highly significant (p-value = 0.000 < 0.05) (see Table 6.4).

[bookmark: _Toc167379941]6.5 Discussions of Major Findings 
[bookmark: _Toc167379942]6.5.1 Demographics of the respondent
The study findings point to young people who are household heads participating in urban agricultural production than the older household heads. The implications are that many of the urban farmers are young and can get climate change information from the media such as radio and television programmes. Aside from the above, young people are more familiar with modern media in the form of social media like Facebook, WhatsApp, and Twitter where climate change adaption strategies could be shared. This result is similar to the work of (Nonvide, 2017) who indicated that older people are less likely to engage in farming, especially in irrigation agriculture. However, the study disagreed with the assertion by Thebe (2018) that young people do not participate in agriculture productivity but rather have an interest in formal sector work. The results again do not agree with the work of Albore (2018) who asserted that farmers' age determine the increases production as older farmers are experienced which translates to production. Again, the results support the assertion that urban dwellers' participation in urban food production has a gender dimension (Bolang & Osumanu, 2019). This means that in taking up strategies to scale up urban farming, males should be the target. This is a reflection on the Ghana Statistical Service 2021 Population and Housing Census report which indicated more male household heads than females who make critical decisions regarding livelihood sustainability issues. This means that more males are into urban agricultural production than females. The reason is attributed to the land ownership rights and accessibility in the northern sector of Ghana. This is partly because Northern Ghana is a patriarchal society where land ownership rights are entrusted into the hands of men, and this gives them more access to land for agriculture in the urban settings to the disadvantage of females. Again, almost all household heads are men who control land within their neighbourhoods including using it for food production. The Literature argues that male farmers' easier access to farmland is due to societal custom which marginalizes women in agriculture production and livelihood sustainability (Azumah, et al., 2022). According to the Ghana Statistical Service (2022), the 2021 population and housing census recorded that about 65.8 % of Ghanaians aged 15 years and older are married in both rural and urban environments.

In employment aspects, urban residents who are employed in food production within their homes are affected by the time factor. People who are employed spend many hours at work and return home feeling exhausted which could affect their full participation in agriculture activities. A study by Bolang and Osumanu (2019) revealed that people who are employed especially within the formal sector do not participate in urban food production. Urban residents who are employed and participate in urban food production have the wherewithal to meet their food needs from both the open market and funding urban food production. The agrarian sector is occupied by people who do not have the opportunity in the formal employment sector (Darfour & Rosentrater, 2016). Generally, about 16.8% of the urban population is employed in the formal sector, leaving the remaining 80.2% in the informal sector (Ghana Statistical Service, 2021) and this is not a surprise that formal sector jobs are limited and competitive in most urban settings. In addition, the evidence showed that urban household heads who are having some level of education do have interest in urban agriculture. These results reflect the claim by Attipoe et al. (2020) that people with a bit of formal education have more interest in agricultural production than those who have no formal education. This is in line with Chilundo et al.( 2020) that agricultural productivity can be increased when farmers have attained some level of formal education. Similarly, it is not far from the fact that educational programmes in higher institutions enlighten and give skills to people to be able to sustainably engage in backyard gardening (Tamiru et al., 2016). Formal education increase people interest in agricultural production and urban farming is not an exception (Ntshangase et al., 2018). Education means that urban farmers will have the ability to use recent climate change adaptation strategies (Debelo, 2020). To elaborate, the study findings indicate that urban household size influence the participation in agricultural activities. This study finding is similar to the work of Gong et al. (2019) in that large households are more likely to participant in agriculture than smaller households. However, urban agriculture production does not need too much labour as the farms are largely small. Therefore, extant literature had it that households with larger sizes do not encourage labour supply for farming Arthur-Holmes and Busia (2020) as larger household sizes lead to diversification of livelihood activities (Vercillo, 2020).

[bookmark: _Toc167379943]6.5.2 Urban dwellers participation in urban food production 
Urban farming is dominating in the high and medium classes within the urban neighbourhood. This is an indication that residents within the medium and high-class residential zones in the cities have more interest in urban food production because of the availability of space. This supports the fact that urban agricultural production such as livestock takes place in the inner-cities (Abdulai, 2022). This is attributed to the fact that the low-class zone is said to be the core or epicentre of urban growth with competing land use for both businesses and residents. Therefore, it is difficult to get following or undeveloped land for urban food production on one hand. On the other hand, the medium-class zone is less dense compared to the low-class zone with more undeveloped places for urban food production. Though the medium-class residential area is a transitional zone between the city core and the outskirt, it shares common characteristics with that of the high and low-class residential zones. The high-class zone, which is well-planned has fallowing lands for agriculture production in the neighbourhood as compared to that of the low-class and medium-class zones. The implication is that high-class residents are more likely to pay attention to urban food production followed by the medium-class zone than the low-class zone because there is the possibility of almost all being educated and formal workers (Bolang & Osumanu, 2019). Eventually, land accessibility is critical in urban households’ participation in urban agriculture. This is in line with the claim that urban agricultural production is affected by land availability and accessibility as land acquisition is mainly by purchasing (Horst et al., 2017). This suggests that urban households who have the interest to participate but do not have the wherewithal will not be able to do so. Again, this mode of acquisition leads to fragmentation, tenure insecurity, and reduction in sizes of urban agricultural lands  (Wubneh, 2018; Bachtiar, 2018; Thi et al., 2021). This supports the finding that land ownership, availability, and accessibility influence sustainable agricultural production (Amadu et al., 2020). As such, extant literature points to a positive relationship between land ownership and successful agricultural production despite climate influence (Akinyemi & Mushunje, 2019; Alhassan et al., 2020; Ali et al., 2019). In line with the above findings, Abdullah et al. (2019) concluded that land ownership is strongly associated with participation in agriculture as landlords are more likely to engage in agricultural production than those who do not own lands. Almost all lands used for urban agriculture are undeveloped land acquired for residential development. This supports the idea that land acquired in the urban neighbourhood is basically for residential purposes Adam (2019) and Tang et al. (2020).

The study found that the age of the head of the urban household influences their participation in urban agriculture. In line with this, Lawson et al. (2020) and Marie et al. (2020) said that the age of an individual determines their decision to engage in agriculture and the use of modern agricultural methods including climate change. It also supports the fact that older farmers aside from their experience could have resources to increase agricultural production by adapting their activities to climate change (Meraner & Finger, 2019). The gender of the household head also determines the participation in urban agriculture. This supports the finding by Kerr et al. (2018) that gender is a determinant of taking up agricultural activity; especially in climate change adaptation strategies, ladies get climate information from informal networks more than men. The gender of farmers influences their ability to practice climate change adaptation in farming (Marie et al., 2020). The study finds that marriage also determines a household participation in urban agricultural production. This supports the findings of Lawson et al. (2020) who asserted that farmers' engagement in agriculture is influenced by their marital status, married individuals easily go into agricultural activities to meet their family needs. Some studies, Dang et al. (2019) and Lawson et al. (2020)  have argued that farmers' participation in agriculture is influenced by socio-economic factors like their type and status of employment. Again, an urban household head’s educational status does not influence ones participation in urban agricultural production. This finding does not conform to the work of Šūmane et al. (2018) whose assertion is that education is an influential factor in engaging in agriculture. Therefore, urban residents go into urban agriculture independent of their level of education. This implies that if the adoption of climate change adaptation strategies is based on farmers level of education, urban farmers climate change adoption is likely to be low (Debelo, 2020). However, educational programmes in the informal systems can help promote urban farmer interest in agriculture production (Tamiru et al., 2016). In similar ways, the residential status does not determine a household’s participation in urban agricultural production activity. This does not support the findings of Lawson et al. (2020)  that residential status influences households participation in agriculture such that natives easy access land for agriculture than settlers. The reason is that in this study, many of the households who are into agricultural production are settlers. Even though urban farmers are predominantly settlers they are the group that has the purchasing power to acquire land for various developmental activities including urban agriculture. This means that the promotion of urban agriculture in the era of climate change and variability, calls for focusing on settlers who are urban farmers. 

Besides, urban agricultural production is influenced by the household size. Literature has indicated the influence of household size and participation in agriculture (Abdullah et al., 2019; Baiyegunhi et al., 2019). Liberally, the understanding is that the larger the household size the greater the available labour, and the smaller the household size, the smaller the labour available to work, particularly on family farms (Gong et al., 2019; Arthur-Holmes & Busia, 2020; Marie et al., 2020). In contrast, the relationship between people's participation in urban food production and their household income is statistically insignificant. This also supports the argument that socio-economic factors influence individual participation in agricultural production (Ojo & Baiyegunhi, 2020). This supports the work of Marie et al. (2020) that the income of the households determines farmers' ability to practice one climate change adaptation measure over the other. 

[bookmark: _Toc167379944]6.5.3 Demographic determinants of participation in urban food production
The regression analysis further indicates that the age of a household head is insignificant at an alpha 0.05 (p-value = 0.999, 0.742, 0.627 and 0.461 > 0.05) for the age categories; 60 years and above, 31 – 40 years, 41 – 50 years, and 51 – 60 years respectively. This suggests that age is not a determining factor to participate in urban agricultural production. Therefore, age does not determine a household's interest in participating in urban agricultural production or not. This supports the work of Acevedo et al. (2020) who said farmers' ages do not matter in their bid to scale up agricultural production adaptation to climate change. However, these findings disagreed with the findings from Abdullah et al. (2019) that the age of a household head is a determinant of individual participation in agriculture. The age of a farmer is important in terms of climate change knowledge and the need to use climate-friendly agronomic practices. In similar ways, Baiyegunhi et al. (2019)  and Bryceson (2019) had it that farmers' ability to take up the needed climate change adaptation strategies depends on their age as the older age hardly adopt new climate change measures. Additionally, marital status is statistically insignificant (p-value = 1.324, 2.168, and 11.813 > 0.05) for separated, married, or widows/widowers. This result does not support the assertion that marital status influences one's ability to uptake agronomic practices on their own (Khatri-Chhetri et al., 2020). This means that a household's participation in urban agriculture is not determined by the employment status of the household head as stated in Acevedo et al. (2020). In the same way, the urban household head’s interest in participating in urban agricultural production is not determined by the household head’s type of employment.

Urban household educational status does not determined one’s participation in agricultural production. The statistical analysis revealed that (p-value = 0.3, 0.865, and 0.283 > 0.05) for basic/middle school, senior high school (SHS)/secondary/vocational schools, and tertiary respectively. These results were expected as it is generally believed that most farmers do not have formal education (Anwarudin & Dayat, 2019). This means that urban agricultural policies should target all households within the urban setting without necessarily considering the household head’s educational attainments. The findings do not support the assertion by Chilundo et al. (2020) that to increase people's involvement in agricultural production, there is a need to increase formal education. The result again is not in line with the view of Ntshangase et al. (2018) that people's participation in agricultural production is influenced by higher educational levels. However, the findings support the idea that informal training of farmers has a positive association with agricultural productivity Chand (2020), even though educated farmers are technologically advanced enough to take up climate change adaptation strategies (Knickel et al., 2018; Amadu et al., 2020). In dealing with uneducated farmers, training systems increase agricultural production as they foster knowledge transfer (van de Gevel et al., 2020). This is true because the work of Bounds and Zinyemba (2018) revealed that training farmers in veterinary services encourages them to move into animal production. Similarly, the farmers get the required skills in feeding and breeding animals (Tselaesele et al., 2018), especially under the current climate change conditions. 

Urban household size is a determining factor for participating in urban agricultural production in the era of climate change and variability as at an alpha 0.05 (p-value = 0.011 < 0.05) for urban households with 1 – 5 members. To provide for the needs such as food of large households, there is a need to produce their food using any available space within the urban neighbourhood to reduce households' expenditure on food. This makes it possible for households to meet other basic needs such as shelter and clothing. It is widely known that larger household size means the availability of labour to undertake agricultural productive activities relating to climate. This is in line with the work of Khanna and Sharma (2018) that in agricultural production, labour is needed to prepare the land, to control weeds  and for harvesting of the produce. There are labour considerations when an individual wants to participate in agriculture especially urban farming in these difficult times of climatic situations. It is for this reason that, Chandio et al. (2022) all saw labour being significant in agricultural production activities among farmers. The more the labour especially from households, the more the interest to engage in agriculture as in family farming. As such the results agreed with the assertion by Abdullah et al. (2019) and Acevedo et al. (2020) that household size is a determinant factor in the household member participation in agricultural activities.

The monthly income of an urban household determines the household’s participation in urban agricultural production activity as households with income < GHS1000.00 (at the time $1.00 = GHS11.54) are more likely to engage in urban agriculture. The result reflects the fact that farming is capital intensive as farmers need money to buy inputs and take up climate change adaptation farming measures. Therefore, the findings corroborate the work of Rogito et al. (2020) that people without the needed financial muscle and access to credit will not engage in agricultural production. In the urban agricultural production system, land is acquired mainly through buying as people with limited financial capability cannot take up urban agriculture though they may be willing to do so. The study also supports the work of Lindblom et al. (2017) who posited that farmers need funds to undertake sustainable agricultural intensification which is a feature of urban agricultural production under climate stressors. Therefore, urban agricultural and climate change policies should target input price subsidies to enable farmers to afford inputs such as chemicals, fertilizers, and seed varieties and mechanized agriculture (Achandi et al., 2018; Duniya, 2018). The study finding does support the work of Basu et al. (2019) who had it that people with higher income, the high-class employees will not like to take up agricultural productive activity. 

[bookmark: _Toc167379945]6.5.4 Theoretical reflection 
Drawing from the components of the social practice theory, an individual or group behaviour towards certain situation is subjected to their societal norms. The study realized that socio-economic factors such as the households’ size, households’ monthly income are influential in urban households’ participation in urban agriculture. The socioeconomic factors and norms play a significant role in animal and crop production for farmers. Livestock farming and crop production can contribute to the income and wealth generation of farmers, increasing overall farm productivity and serving as a source of livelihood. This means that the effects of socioeconomic and environmental factors on livestock sales, self-consumption, and production dynamics play crucial role in urban farmers’ interest in engaging in urban agriculture. However, it is worth noting that some farmers may view animals primarily as a means of production, focusing on their economic value rather than their well-being. Additionally, norms can influence farmers' practices and behaviours regarding animal production. Understanding how norms are produced and how they have influenced change in the past is important for addressing socioeconomic and ethical concerns in livestock farming. 

[bookmark: _Toc167379946]6.6 Summary of the Chapter
This chapter presented the socio-demographic characteristics of urban agricultural households and how they influence a households’ participation in urban agriculture. The key themes consist of the socio-economic characteristics of the urban households, urban households paartcipation in urban agriculture and the socio-economic determinants of urban households participation in urban agriculture. Discussions with literature were done based on the findings of the study where theoretical implications were drawn. 
























[bookmark: _Toc167379947]CHAPTER SEVEN 
[bookmark: _Toc167379948]URBAN FARMERS' CLIMATE CHANGE ADAPTATION STRATEGIES 
[bookmark: _Toc167379949]7.1 Introduction 
This chapter presents results and discussions on Objective four of the study. The objective seeks to understand urban farmers' climate change adaptation strategies. The results and discussions are centred on urban farmers' climate change knowledge and the sources from which they get information on adaptation. It also looks at urban farmers' adaptation strategies for crops and animals.

[bookmark: _Toc167379950]7.2 Urban Crop Production and Climate Adaptation Strategies 
The study underscored urban farmers' climate change adaptation strategies employed in crop production. These measures are categorized into soil moisture conservation strategies and soil fertility management measures. About 91.6% of urban farmers indicated that they employ ridging to conserve soil moisture. 


[bookmark: _Toc148890837][bookmark: _Toc167368267]Figure 7.1: Urban Farmers Soil Moisture Conservation Strategies
Source: Field Observation, 2022

This is followed by the application of mulching, which represents about 77.6% of the responses. Aside from the ridging and mulching, cover cropping appears to be one of the strategies that about 40.5% of urban farmers employ. Cover cropping is also done, but only 16.2% of the farmers employ this strategy (see Figure 7.1). It was also observed that farmers employ ridging as a soil moisture conservation strategy on urban farms during the land preparation stage. These ridges are done with bounds around the boundaries, which prevent run-off water from entering the field (see Figure 7.2).

[image: ]
[bookmark: _Toc167368268]Figure 7.2 Ridges as a Land Management practice on an Urban Farm Konta Residential Area 
Source: Field observation, 2022
In terms of soil fertility management, the quantitative results showed that there are multiple strategies urban farmers employ. These are the uses of crop residues, manure, and compost. About 85.4% of the respondents indicated that they use crop residues, about 83.1% use manure, and 77.6% use compost (see Figure 7.2).
 
[bookmark: _Toc148890839][bookmark: _Toc167368269]Figure 7.3: Urban Farmers Soil Fertility Management Strategies
Source: Field Work, 2022

From the field observation, it was confirmed that urban farmers do not use more chemical fertilizers to improve soil fertility on their farms in the era of climate change. However, crop residues and manure from animal droppings are used on their farms (see Figure 7.4).
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[bookmark: _Toc148890840][bookmark: _Toc167368270]Figure 7.4 : Crop Residues and Animals Manure use on Urban Farm. 
Source: Field Observation, 2022
This is common among those urban households that are into mixed farming, where animal waste is used to fertilize their farms, including household waste. Aside from the use of soil moisture conservation and soil fertility management strategies, urban farmers' climate change adaptation strategies transcend their choice of varieties of crops and sources of planting seeds. From Table 7.4, the results show that urban farmers generally cultivate local or indigenous varieties of seeds, representing about 57.0% of the responses. Other urban farmers also grow improved seeds, making up about 24.1% of the responses, while only 17.2% grow hybrid seeds. Just 0.7% of urban farmers favoured the growing of both improved and hybrid crop varieties (see Table 7.4). The seeds grown by urban farmers are their own, representing about 44.5%, and those bought from agro-chemical shops represent about 35.0%. This is followed by those farmers who get their seeds from family and relatives, representing about 20.5% (see Table 7.4).

[bookmark: _Toc148890704][bookmark: _Toc167368599]Table 7.1: Urban Farmers Choices in Varieties and Sources of Seeds for Production (N=191).
	Variable 
	Frequency
	Percent

	Type of seeds

	Local/Indigenous 
	109
	57.0

	Improved
	48
	25.1

	Hybrid 
	33
	17.2

	Both improved and hybrid
	1
	0.7

	Sources of seeds

	Own 
	85
	44.5

	Agro-shops
	67
	35.0

	Family/Relatives
	39
	20.5

	Others 
	
	

	Yield Situation 

	Good 
	100
	52.3

	Average 
	89
	46.5

	Not good 
	2
	1.2


Source: Field Work, 2022

Considering urban farmers' climate change adaptation strategies, such as soil moisture and soil fertility management strategies, farmers' choices of seeds, and the sources of these seeds under the current climate change stressors, the yield situation was assessed. The results indicated that many of the urban farmers perceived a high yield of their crops, representing about 52.3%, and those who said they got an average yield were about 46.5%, and just 1.2 of these urban farmers perceived crop yield as not being good (see Table 7.4).

[bookmark: _Toc167379951]7.3 Urban Animal Production and Climate Adaptation Strategies 
Urban farmers in cities are into animal production as well, despite the recent climatic stressors. The study results revealed that urban farmers rear exotic or foreign breeds of animals, representing about 37.1%, followed by those who keep local or indigenous breeds of animals, representing about 33.5% of the responses. Again, about 29.4% of the urban farmers keep both exotic and indigenous breeds of animals. To meet the feed needs of their animals, urban farmers scout for feed from a variety of sources. The first source is the open market, where 45.5% of urban farmers buy feed. This is followed by those who depend on their own supply of feed, which constitutes about 36.1% of the farmers; others (about 18.4%) also obtain feed as a gift from friends and relatives (see Table 7.5). Driving animal production adaptation to extreme climatic or weather events, urban farmers rear different breeds of animals and acquire feed from different sources, aiming to increase production.  Therefore, the study assesses farmers' opinions on animal production levels. In this, it was revealed that urban farmers expressed an average production level of their animals, which constituted about 45.0%, and those who said the animals' production situation was good represented 32.9%. However, 22.1% of the farmers said animal production was not good.
 
To make animals resilient to climatic stressors, handling animals against diseases is paramount as climate change or variability makes animals vulnerable to weather-related diseases. On this note, the majority, or about 84.2%, of urban animal producers protect their animals against climate change-related diseases using different strategies. The strategies include vaccinating the animals, giving them pills, disinfecting the pens, and spraying the animals with insecticides. The majority (91.1%) of urban farmers vaccinate their animals very often. This is statistically significant at an alpha of 0.05 (p-value = 0.001 < 0.05). This depicts a very strong interrelationship between urban farmers using vaccination as a treatment method for animals and adapting animals to climate change (Cramer’s V = 0.248 > 0.25).
[bookmark: _Toc148890705][bookmark: _Toc167368600]Table 7.2: Urban Farmers' Choices in Animals Breed and Sources of Feed (N=191).
	Variable
	Frequency
	Percent

	Breed of animals 

	Local/Indigenous 
	64
	33.5

	Exotic/Foreign 
	71
	37.1

	Both Exotic and Indigenous 
	56
	29.4

	
Sources of Animal Feed 

	Own feed
	69
	36.1

	Buy from the Market 
	87
	45.5

	Gift from Friends/Relatives 
	35
	18.4

	
Animal production level in urban farming 

	Good 
	63
	32.9

	Average 
	86
	45.0

	0Not good
	42
	22.1


Source: Field Work, 2022

[bookmark: _Toc148890706]In the same way, 93.2% of urban farmers often give their animals pills as a way of treating them. This is statistically significant (p-value = 0.001 > 0.05). This shows a strong interrelationship between farmers' choice of treatment methods using pills and adapting animals to climate change effects (Cramer’s V = 0.296 > 0.25). Similarly, 95.2% of animal farmers very often disinfect their animal pens to protect animals against disease infections. This is statistically significant (p-value = 0.014 < 0.05). This also appears to present a very strong interrelationship between the disinfection of animal pens as a treatment method and adapting animals to climatic effects (Cramer’s V = 0.204 < 0.25) (see Table 7.6).
 
Again, 93.6% of urban farmers say they very often treat their animals by spraying them with insecticides. Urban farmers spraying their animals with insecticides as a way of keeping them healthy is statistically significant (p-value = 0.015 < 0.05). 




[bookmark: _Toc167368601]Table 7.3: Methods and Sources of Treating Urban Livestock.
	Treatment of livestock 
	Frequency
	Percent

	Yes 
	161
	84.2

	No 
	30
	15.8

	Total 
	191
	100.0

	Type of treatment given to farm animals 

	Vaccinating 
	Very often
	Often
	Sometimes
	Not at all
	Total

	Yes 
	57(91.1%)
	58(79.5%)
	44(81.5%)
	2(100.0%)
	161(83.3%)

	No 
	5(8.9%)
	15(20.5)
	10(18.%%)
	0(0.0%)
	30(15.7%)

	Total 
	62(100.0%)
	73(100.0%)
	54(100.0%)
	2(100.0%)
	191(100.0%)

	 and 

	Giving animals pills 

	Yes 
	57(91.9%)
	68(93.2%)
	34(63%)
	2(100.0%)
	161(84.3%)

	No 
	5(8.1%)
	5(6.8%)
	20(37%)
	0(0.0%)
	30(15.7)

	Total 
	62(100.0%)
	73(100.0%)
	54(100.0%)
	2(100.0%)
	191(100.0%)

	 and 

	Disinfecting the pens 

	Yes 
	59(95.2%)
	63(86.3%)
	41(76%)
	2(100.0%)
	165(86.4%)

	No 
	3(4.8%)
	10(13.7)
	13(24%)
	0(0.0%)
	26(13.6)

	Total 
	62(100.0%)
	73(100.0%)
	54(100.0%)
	2(100.0)
	191(100.0%)

	 and 

	Spraying farm animals with insecticide

	Yes 
	58(93.6%)
	64(87.7%)
	44(81.5%)
	0(0.0%)
	168(88.0%)

	No 
	4(6.4%)
	9(12.3%)
	10(18.5%)
	2(100.0%)
	23(12.0%)

	Total
	62(100.0%)
	73(100.0%)
	54(100.0%)
	2(100.0%)
	191(100.0%)

	 and 

	Sources of treating farm animals

	
	Veterinary Department of MoFA
	Self-medication
	Private veterinary practitioners
	Total

	Yes 
	24(42.1%)
	24(42.1%)
	9(15.8%)
	57(100.0%)

	No 
	48(35.8%)
	53(39.6%)
	33(24.6%)
	134(100.0%)

	Total 
	72(37.7%)
	77(40.3%)
	42(22.0%)
	191(100.0%)

	 and 

	***Cramer’s V > 0.25, strong relationship; Cramer’s V > 0.10, moderate relationship; Cramer’s V > 0.05, weak relationship and Cramer’s V > 0, no or very weak relationship 
*** p-value < 0.05, statistically significant; p-value > 0.05, statistically insignificant


Source: Field Work, 2022

Therefore, there is a very strong interrelationship between spraying animals with insecticides and handling farm animals in urban areas in the era of climate change and its associated stressors. The effectiveness of the multiple treatment methods urban farmers employ depends on the sources of the treatments. The results point to the Veterinary Department of MoFA and self-medication as the sources of the treatments for farm animals, representing about 42.1% each. However, this is statistically insignificant at an alpha of 0.05 (p-value = 0.386 > 0.05). Therefore, there is a moderate interrelationship between the animals' treatment methods and the sources of the treatment (Cramer’s V = 0.100 ≥ 0.10).

[bookmark: _Toc167379952]7.4 Urban Farmers’ Climate Change Knowledge and Sources of Adaptation Information 
This section presents the perceptions of urban farmers on climate change effects and the sources of information on adaptation measures relating to climatic stressors like rainfall and temperature. Table 7.1 indicates that the majority, about 93.3%, of the urban households that are into urban agriculture production know the current climate change situation. In line with the above scenario, about 92.6% do accept that climate change stressors are having negative consequences on agricultural production in urban neighbourhood. It was clear that urban farmers obtain climate change adaptation strategies for their production from several sources. Friends and agricultural service workers play instrumental roles as sources of climate change adaptation information for urban farmers. The results reveal that the majority (about 94.7%) of urban farmers, rely on friends and neighbours as well as agricultural service workers, to get information on agricultural practices that are climate resilient. Again, the media is critical in providing climate change adaptation information. About 65.9% of urban farmers get climate change adaptation strategy information from television programming and radio broadcasting, which is 14.9%. In addition, farmers' observation does not give them insight into how to adapt their agricultural activities to the current climatic stressors (see Table 7.1).

The urban farmers' socio-economic parameters were measured with their climate change knowledge. From Table 7.2, the results showed that farmers who are within the age category of 31–40 years, representing about 40.4%, do know about climate change. This is closely followed by farmers within the age bracket of 40–50 years, representing about 37.1%. The age of urban farmers is not significant in terms of knowledge of climate change at an alpha of 0.05 (p-value = 0.931 > 0.05).
[bookmark: _Toc167368602]Table 7.4: Urban Farmers' Perception on Climate Change Effects and Sources of Adaptation Information (N=191).
	Knowledge and sources of climate change information 
	Frequency
	Percent

	Knowledge of climate change 
	Yes
	182
	93.3

	
	No
	9
	6.7

	Climate change effects on urban agriculture 
	Yes 
	177
	92.6

	
	No 
	14
	7.4

	Sources of climate change information

	Friends and neighbours
	Yes
	181
	94.7

	
	No
	10
	5.3

	Agriculture services workers
	Yes
	181
	94.7

	
	No
	10
	5.3

	Television 
	Yes
	126
	65.9

	
	No
	65
	34.1

	Radio 
	Yes
	31
	8.6

	
	No
	150
	41.4

	Personal observation 
	Yes
	54
	14.9

	
	No
	127
	35.1


Source: Field Work, 2022

The result further indicates that there is a weak relationship between farmers' age and their knowledge of climate change (Cramer’s V = 0.06 > 0.05). On urban farmers' educational level and their ability to get some climate change knowledge, farmers who have attained a tertiary educational status get more information than those with secondary education (24.2%), no formal education (19.7%), and some basic education (11.2%). This result is insignificant (p-value = 0.716 > 0.05). Therefore, there is a weak association between urban farmers' educational status and their ability to get information on climate change (Cramer’s V = 0.08 > 0.05). Also, the result showed that about 73.6% of male urban farmers have some knowledge of climate change. However, there is an insignificant relationship between the sex of urban farmers and their ability to get information on climate change at an alpha of 0.05 (p-value = 0.034 > 0.05).






[bookmark: _Toc167368603]Table 7.5: The Significant Level of Urban Farmers' Knowledge of Climate Change.
	Knowledge of climate change
	Age
	Total

	
	18-30
	31-40
	41-50
	51-60
	60+
	

	Yes
	16(9.0%)
	72(40.4%)
	66(37.1)%
	14(7.9%)
	10(5.6%)
	178(100.0%)

	No
	1 (7.7%)
	6(46.2%)
	5(38.5%)
	1(7.7%)
	0(0.0%)
	13(100.0%)

	Total
	17 (8.9%)
	78(40.8%)
	71(37.2%)
	15(7.9%)
	10(5.2%)
	191(100.0%)

	 0.067 > 0.05

	
	Education
	

	
	No formal 
	Basic 
	Secondary
	Tertiary
	

	Yes
	35(19.7%)
	20(11.2%)
	43(24.2%
	80(44.9%)
	178(100.0%)

	No
	2(15.4%)
	1(7.7%)
	5(38.5%)
	5(38.5%)
	13(100.00%)

	Total
	37(19.4%)
	21(11.0%)
	48(25.1%)
	85(44.5%)
	191(100.0%)

	 and  > 0.05

	
	Gender
	

	
	Male
	Female
	

	Yes
	131(73.6%)
	47(26.4%)
	178(100.0%)

	No 
	8(61.5%)
	5(38.5%)
	13(100.0%)

	Total 
	139(72.8%)
	52(27.2%)
	191(100.0%)

	 and  = 0.068 > 0.05

	***Cramer’s V > 0.25, strong relationship; Cramer’s V > 0.10, moderate relationship; Cramer’s V > 0.05, weak relationship and Cramer’s V > 0, no or very weak relationship 
*** p-value < 0.05, statistically significant; p-value > 0.05, statistically insignificant


Source: Field Work, 2022

Further analysis showed a weak association between urban farmer sex and their climate change knowledge (Cramer’s V = 0.06 > 0.05). From Table 7.3, the data show that urban farmers who have no formal education get information on climate change from television, representing about 37.3%, while about 21.6% of farmers with secondary and some basic education source climate change information from television. This is closely followed by those urban farmers who have attained tertiary education, representing about 19.6%. These findings are statistically significant at an alpha of 0.05 (p-value = 0.00 < 0.05). There is a strong relationship between the educational attainment of urban farmers and television as a source of climate change adaptation information (Cramer’s V = 0.395 > 0.25). Similarly, the results further explain that in terms of gender, females, representing about 77.6%, get information on climate change adaptation strategies from their friends and neighbours while males, (about 22.4%) get the information from friends and neighbours. The results are statistically significant at an alpha of 0.05 (p-value = 0.037 < 0.05). The findings further depict a strong relationship between an urban farmer's gender and getting information from friends and neighbours (Cramer’s V = 0.158 > 0.15) (see Table 7.3).

[bookmark: _Toc167368604]Table 7.6: Sources of Climate Change Information by Educational Attainment and Gender.
	Television 
	Educational Attainment
	Total

	
	No Formal
	Basic
	Secondary
	Tertiary
	

	Yes 
	19(37.3%)
	11(21.6%)
	11(21.6%)
	10(19.6%)
	51(100.0%)

	No 
	17(13.7%)
	8(6.5%)
	32(25.8%)
	67(54.0%)
	124(100.0%)

	Total  
	36(20.6%)
	19(10.9%)
	43(24.6%)
	77(44.0%)
	175(100.0%)

	 and   0.395 > 0.25

	Friends and Neighbours
	Gender
	

	
	Female
	Male
	Total 

	Yes 
	90(77.6%)
	26(22.4%)
	116(100.0%)

	No 
	37(62.7%)
	22(37.3%)
	59(100.0%)

	Total 
	127(72.6%)
	48(27.4%)
	175(100.0%)

	 and  > 0.15

	***Cramer’s V > 0.25, strong relationship; Cramer’s V > 0.10, moderate relationship; Cramer’s V > 0.05, weak relationship and Cramer’s V > 0, no or very weak relationship 
*** p-value < 0.05, statistically significant; p-value > 0.05, statistically insignificant


Source: Field Work, 2022

Further, interviews with stakeholders’ reveal that the Ministry of Food and Agriculture (MoFA) is critical in the promotion of urban agriculture. The MoFA, through its agricultural extension workers in Ghana and particularly in Wa Municipality, has several functions to support farmers and promote rural development. These functions include facilitating knowledge transfer. Agricultural extension workers act as intermediaries between research organizations and farmers, helping to improve farmers' knowledge and understanding of agricultural practices. Another function is the provision of technical assistance. They offer technical guidance and support to farmers, helping them implement modern and effective farming techniques. The extension workers also conduct training programs within their areas of operation within the municipality to enhance farmers' skills and knowledge. It was also discovered that the MoFA, through its agencies like the crops and animals departments, supports farmers' technological adoption and dissemination of information. They assist farmers in adopting new technologies and practices, such as improved seeds, irrigation systems, and post-harvest handling techniques, to increase productivity and income. They also play a crucial role in providing relevant and up-to-date information to farmers on topics such as crop production, pest management, soil fertility, and climate-smart agriculture. A respondent shared the following:
“…Our roles in agriculture are many; we help to plan agricultural activities in the municipality, collaborating with agricultural agencies, NGOs, and other stakeholders to develop and implement programs and policies that benefit farmers…” (Key Informant Interview, 2022).
Overall, the findings suggest that the functions of agricultural extension workers in Ghana revolve around knowledge transfer, technical assistance, information dissemination, training, planning support, technology adoption, resource facilitation, and institutional support to improve farming practices and enhance rural and urban development. However, it was clear that agricultural extension services are limited to only the rural farmers in the municipality. The findings reveal that urban crop farmers do not benefit from in-person assistance from agricultural extension services as compared to rural crop farmers. However, the institutional-level findings indicate that mass media programming, such as the use of radio, is instrumental in educating farmers in general, which urban farmers also stand to benefit from. This means that urban farmers practically do have the opportunity to directly benefit from extension services, as ascertained in the study. The results added that urban farmers who are into animal production get assistance from the Veterinary Department of MoFA. The department, with time, undertakes outreach exercises to vaccinate all categories of farm animals and educate farmers on the safekeeping of animals. Due to this familiarity, urban farmers call for veterinary service through phone calls when the need arises. In line with this, an informant said:
“… Agricultural extension services to urban crop farmers are limited because the urban farmers are not into large-scale production, which makes our attention less on them…” (Key Informant Interview, 2022).



Another respondent said:
“Aside from our routine outreach exercises, farmers themselves call on us to visit their animals. The outreach is seasonal, that is, during the harmattan and rainy seasons when animals are susceptible to extreme weather conditions” (Key Informant Interview, 2022).

[bookmark: _Toc167379953]7.5 Discussions of major findings 
U0rban farmers shared knowledge about climate change. Urban farmers have access to information on climate change because the urban area serves as an incentive to farmers. The urban environment has all the necessities such as access to telephone services, electricity, and mass media (radio and television) which serve as sources of information for urban dwellers including urban farmers. The climate change knowledge of urban farmers is taken from diversified sources. They source this knowledge basically from their friend and neighbours and agricultural extension service workers. Others include the mass media such as television and radio as well as farmers' observations. This is in line with the work of Osei et al. (2017) who concluded that sources of information available to farmers in Ghana include the Ministry of Food and Agriculture (MoFA), radios, and agricultural extension officers. Also, this supports the work of Kansiime et al. (2021) who stated that these sources aim to provide farmers with agricultural knowledge, information on best practices, market information, weather forecasts, and access to government programs and services. However, the study does not corroborates with Osei et al. (2017) in a way, as they said other sources of information for farmers are agricultural cooperatives, farmer-based organizations, and agricultural research institutions. This is not practicable in the urban environment, especially in Africa with disorganized urban farmers and low organizations and researchers' interest. This confirms that there is limited information specifically addressing sources of information for farmers in urban communities in Ghana (Folitse et al., 2018). From the results, urban farmers' age and gender do not determine their ability to get climate change adaptation information to guide crop and animal production. This is associated with differences in an urban environment as compared to the rural environment. Most people in the urban neighbourhood are exposed to several sources of information and might not necessarily be guided by their age and gender though in a rural environment, it is possible. This does not support the work of Šūmane et al. (2018) and Debelo (2020) that formal education is an incentive for farmers to access information on farming as this finding was generalized without taking into consideration the differences that exist between rural and urban farmers environment which can affect information accessibility.  

Urban farmers adopt land preparation strategies with the aim of conserving water on their urban farms. They prepare their farmlands using ridges, mulching, and to some extent cover cropping. This implies that to sustain farming under unpredictable rainfall from climate change and variability, these farmers prepare their farmland in a way that will contain water after sometimes without rain (Miernicki et al., 2018). This will support the resiliency of crops under irregular rainfall. The farmers can also implement efficient water management techniques to cope with water scarcity or excessive rainfall. This may involve the use of rainwater harvesting systems, drip irrigation, or water-efficient techniques to optimize water use and reduce wastage (Salomon, 2021). Urban farmers adopt soil conservation practices such as mulching, cover cropping, and composting to enhance soil health and fertility. Healthy soils are more resilient to climate change impacts and can better retain moisture, withstand extreme weather events, and support crop growth (Nkrumah, 2018). For soil fertility management, inorganic fertilizers usage happened to be minimal. However, they adopt the use of organic fertilizers such as crop residues, manure and compost, and household wastes (Brown et al., 2015). This suggests that in terms of soil fertility management, employ integrated crops and animal fertility management systems (Hochmuth et al., 2021). Animal manure is used to fertilize urban farms to improve soil nutrients in the era of climate change where nutrient loss can result from soil erosion resulting from excessive rains (Tyson & Simonne, 2014). This supports the assertion that farmers implementing efficient irrigation techniques, such as drip irrigation or precision watering, can optimize water use and conserve water resources (Allen et al., 2014). This helps crops withstand drought conditions and ensures their productivity. However, in some instances, this applies to farmers that are found within an environment that favours irrigational practices, especially in urban settings. The findings support the work of Panpatte and Jhala (2019) and Havlin and Heiniger (2020) who asserted that soil conservation practices like conservation tillage, cover cropping, and rotational grazing help maintain soil health and fertility. Healthy soil can better withstand extreme weather events and retain moisture, supporting crop growth. 

Aside from soil moisture and nutrients management strategies, urban farmers improve crop production by planting multiple crop varieties indigenous and improved to adapt to climate change impacts. The use of indigenous and improved varieties is climate change adaptation strategy because, in the situation where one variety fails, the other could be a buffer. This has been confirmed in the extant literature as climate change adaptation strategies (Adzawla et al., 2019). These seeds are farmers' seeds and are bought from agro-chemical shops. This means that farmers use their seeds which are the indigenous variety and the improved variety is obtained from the agrochemical shops (Meldrum et al., 2018). This means improving farmers' local knowledge and good seed keeping and encouraging agro-chemical dealers to operate within the means of urban farmers in terms of affordable seeds. Farmers explained that crop production yield is encouraging despite the current climatic effects. However, it is important to note that the specific adaptation measures employed by urban farmers may vary depending on their location, available resources, and the specific challenges posed by climate change in their area (Akinyi et al., 2021). This finding supports the recent idea that despite the climate change challenges farmers face they can adjust farming practices to increase production of food crops (Okongor et al., 2021). Even though urban farmers use manure, compost, and mulching just a few examples of basic agricultural inputs that may not be as easily accessible as they are in rural agricultural communities (Dobson et al., 2021). However, some farm and gardening materials are becoming increasingly accessible in urban areas as demand rises. Urban farmers who cultivate crops and raise animals can employ various climate change adaptation measures. These measures aim to mitigate the impacts of climate change and enhance the resilience of urban agricultural systems. This supports the work of Fadina and Barjolle (2018) on adaptation measures employed by urban farmers including crop diversification. Urban farmers can diversify their crop selection to include a variety of plant species that are resilient to different climatic conditions. This helps to reduce the vulnerability of their agricultural systems to climate-related risks such as extreme temperatures, drought, or heavy rainfall (Fadina & Barjolle, 2018).

Highlighting urban farmers’ livestock production, there are interesting findings within the confines of climate change adaptations. Adopting adaptive livestock management practices, such as rotational grazing, can help sustain grazing lands and reduce overgrazing. Proper nutrition, health care, and shelter can enhance animal resilience to extreme temperatures and diseases (Abazinab et al., 2022). Climate change creates systems for pests, diseases, and extreme weather events that lead to a reduction in animal production. Farmers decide on the animal breeds to rear, livestock producers can make informed decisions by accessing climate information and forecasts. This enables them to adjust breeding schedules, optimize resource allocation, and reduce climate-related risks. It is good to note that climate change adaptation measures may vary depending on the specific climate conditions, location, and agricultural practices in different regions. Farmers resort to appropriate feeds and sources to enable safe animal producers from feeding climate change-related problems. Urban farmers can adopt climate-smart livestock management practices to adapt to changing climatic conditions. This may include adjusting feeding strategies, providing shade or shelter, and ensuring access to clean water to mitigate the impacts of heat stress on animals (Fadina & Barjolle, 2018).

The study revealed that urban farmers manage their animals' health from climate change through vaccination, giving animals pills, disinfecting animals’ pens, and spraying farm animals with insecticides. In terms of animal treatment, it is essential to consider the well-being and health of the animals in the face of climate change. This may involve providing proper shelter and ensuring adequate ventilation to reduce the impacts of extreme weather events (Zhang et al., 2017). Additionally, farmers can adapt their animal feeding practices to ensure the animals receive appropriate nutrition and hydration during periods of heat stress or drought. It is worth noting that specific adaptation measures for animal treatment in urban farming may vary depending on the local context and available resources (Wulandari et al., 2023). Since there is limited information on this specific topic, it is advisable to consult local agricultural extension services or organizations specializing in urban farming for more tailored and up-to-date guidance in this regard. The provision of extension services to urban farmers is an important aspect of supporting and promoting urban agriculture. The finding supports the fact that extension services involve the dissemination of information, knowledge, and technical assistance to farmers to enhance their productivity and sustainability (Wulandari, 2021). However, farmers who are into animal production get extension services more than in crop production. 

In urban areas, extension workers play a crucial role in providing urban farmers with guidance and information tailored to their specific needs. They work closely with farmer groups and communities to address their challenges and help them adopt best practices in urban farming (Mekuria & Mekonnen, 2018). The extension workers typically collaborate with local government agencies, agricultural departments, and other relevant organizations to ensure that the information provided is in line with the city's agriculture and food policies (Devaux et al., 2018). These extension services can cover a wide range of topics, including crop selection and cultivation techniques, pest and disease management, soil fertility enhancement, water management, and post-harvest handling (Paudel et al., 2019). By offering extension services, urban farmers can gain access to valuable resources and knowledge that can improve their farming practices and increase their yields. This support can also contribute to the overall development of sustainable urban agriculture and food security in urban areas. Overall, the provision of extension services to urban farmers is crucial in empowering them with the necessary skills and knowledge to thrive in urban agriculture, ensuring the sustainability and productivity of their farming activities (Wulandari, 2021).

[bookmark: _Toc167379954]7.5.1 Theoretical reflection 
The findings in chapter six reflect the social practice theory in several spheres based on the concept of images (common understanding and social norms), skills (competence, knowledge and techniques) and stuff (materials and technologies) in relation to urban farmers climate change adaptation strategies. In terms of climate change adaptations, urban farmers require a diverse set of knowledge and skills in crop and animal production to be successful. For instance, general farming skills are needed to have a solid foundation in general farming practices. This includes knowledge of soil management, crop rotation, pest control, and irrigation techniques. Also, in animal husbandry, farmers must possess the skills and knowledge necessary for the care and management of livestock. This includes feeding, breeding, health monitoring, and ensuring proper housing and welfare. It could also be that in terms of crop management, farmers need to understand the specific requirements of different crops, including planting, fertilizing, cultivation and harvesting techniques. They must also be able to identify and address common crop diseases and pests. Farmers also need problem-solving ability for solving problems that may arise on the farm, such as equipment breakdowns, weather-related challenges, or disease outbreaks. They need to be resourceful and quick-thinking to find solutions.

[bookmark: _Toc167379955]7.6 Summary of the Chapter
This section summarized urban farmers’ climate change adaptation strategies. The issues raised were on urban farmers’ climate change knowledge, crops and animals’ production activities and how farmers adapt to climate change stressors. The findings in these areas were discussed with literature and drew some theoretical reflections from the findings. 



















[bookmark: _Toc167379956]CHAPTER EIGHT 
[bookmark: _Toc167379957]SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 
[bookmark: _Toc167379958]8.1 Introduction 
This chapter presents a summary of the major findings of the study. It also consists of the conclusions and recommendations of each objective based on the major findings. Recommendations for future research are also made. 

[bookmark: _Toc167379959]8.2 Summary of Major Findings 
The study focused on the characterization of urban agriculture under climate change and farmers’ adaptation strategies. The study's objectives were to assess the characteristics of urban agriculture, the distribution of urban agricultural activities across space, the factors that determine urban households' participation in urban agriculture, and how the farmers are adapting their activities to the recent climatic stressors. The study employed a mixed method for data collection and analysis. Descriptive statistics like frequency, percentages, and chi-square tests were done from the survey, and thematic and content analysis was done from the interview data. The nearest likelihood ratio was analysed from the spatial data collected, and binary regression analysis was done to address the determinants of households participating in urban agriculture. The following are the major findings emanating from the study:

[bookmark: _Toc167379960]8.2.1 Characteristics of urban food crop and livestock production
The study revealed that, in the era of climate change and variability, urban agriculture in the Wa Municipality is predominantly characterized by the cultivation of crops, which is done by about 73.8% of the households, while a few, about 15.2%, are into mixed farming (the cultivation of crops and animals). Urban farmers are adapting to climate change effects through mixed farming, which is the cultivation of crops and rearing of farm animals at the same time as a coping mechanism. Farmers cultivate more than one type of crop as well as rear more than one type of animal to secure themselves against failure in crop and animal production resulting from climatic stressors. The crop production pattern consists of both dry and wet seasons, with the wet season dominating. Vegetables such as cabbage, pumpkin leaves, okra, tomatoes, and pepper are common in urban settings in both wet and dry seasons. Even though cereals such as maize and millet are commonly produced, legumes like beans and tubers like yam are also cultivated in the wet season. However, despite the long dry season, which can be associated with climatic stressors, urban farmers leverage irrigation from wells and streams for vegetable production. Crops such as cassava and groundnuts/cowpeas are less cultivated due to the lack of availability of space. In the case of poultry, chicken and guinea fowl production dominates, while small ruminants in the form of sheep are also reared. These categories of animals are common because urban farmers easily manage them within their neighbourhoods. Some animals, like cattle, goats, and pigs, and poultry, like ducks and turkeys, are less reared because of the difficulties in managing them. Evidentially, urban farms are located in household homes and along riversides. Largely, the lands used for urban agriculture are acquired through leasing or purchasing from the initial owners. The homes are for both crop and animal production, while the riversides are meant for crop production only, particularly, vegetable production. The location of most farms around household dwelling places resulted in the fencing of crop farms and the housing of animals to be able to control animal destruction and the movement of farm animals. Different types of materials, such as wire mesh, sticks, and blocks/bricks, are used in fencing urban crop farms, and blocks/bricks and wooden structures are used in housing farm animals. Urban crop and animal production is affected by land use planning and acquisition. Landlords are not aware of the need to factor urban farming into the sale of lands to developers. This is because city authorities are equally not paying attention to the integration of urban food production into urban land use planning backed by legislation.

[bookmark: _Toc167379961]8.2.2 Spatial distributions and patterns of urban food crop and livestock production 
The spatial dynamic shows that poultry, cattle, sheep, and goat production showed a uniform distribution across the zones. Even though these animals are produced in at least one of the zones (inner, transition, and outer), they are clustered at some points. This pattern implies that these are areas with available spaces. In addition, in the era of climatic effects, the housing of animals is paramount. As such, it was clear that the rearing of animals in open spaces is dispersed across the urban setting, and housing of animals in walls and wooden structures roofed with zinc followed clustered distributions across the zones. The use of a housing system is a way not only to control the movement of animals within the urban space but also to protect animals against the contraction of disease, especially, in extreme weather like high temperatures and rainfall. In terms of the sizes of the farms for both crops and animal production, farms that are either one or half an acre are randomly distributed across the urban neighbourhood. This is the result of the unavailability of enough space across the urban neighbourhood and farmers leverage this undeveloped space for farming purposes. Again, farms that are either one-third or less than one-third of an acre are clustered across spaces due to the availability of patches of undeveloped land in almost all the zones.

[bookmark: _Toc167379962]8.2.3 Demographic factors that influence urban dwellers' participation in urban agriculture
The study assessed the socio-demographic characteristics of urban agricultural households and how they influence a household’s participation in urban agriculture in the era of climate change. The findings revealed that urban farmers’ decision to engage in urban agricultural production is influenced by the household size and the monthly income of the said household. For instance, urban household size is significant in determining the participation in urban agricultural production in that urban households with members between 1 and 5 are statistically significant. Again, urban households with a monthly income greater than GHS1000.00 (at the time $1.00 = GHS11.54) are more likely to participate in urban agriculture production in urban centres. Conversely, the findings revealed that urban households' socio-demographic variables such as age, marital status, employment type, and education are not determining factors for an urban household to participate in urban agricultural production activity. This suggests that household size which defines a household's food demands labour availability, and income which influences urban household to undertake urban farming practices adaptable to climate change is necessary. 

[bookmark: _Toc167379963]8.2.4 Climate change adaptation strategies of urban farmers.
The study looked at the urban farmers' climate change adaptation strategies. The findings showed that about 93.3% of urban farmers have some knowledge about the current climate change and accept that urban agriculture is affected by climate change stressors. Urban farmers' knowledge of climate change based on the age, educational status, and gender of the household heads is statistically insignificant (p-value = 0.931, 0.716, and 0.034 > 0.05) which presents weak relationships between these socio-demographic variables and the climate change knowledge of the farmer. However, urban farmers get their climate change knowledge from television and friends/neighbours, which is statistically significant at an alpha 0.05 (p-value = 0.00 and 0.037 < 0.05) by educational attainment and gender respectively. This implies that urban farmers' ability to know about climate change is not determined by an urban household head's age, educational level, and gender but sources of the climate information have education and gender dimensions. In an era of climate change, farmers' soil moisture conservation strategies include ridging and mulching while nutrients are managed using crop residues, manure, and compost. It was clear that urban farmers grow more indigenous crop varieties and sometimes plant the improved crop varieties under the current climatic stressors with good yields. Farmers plant their own seeds or seeds bought from agro-chemical shops. In animal production, urban residents rear more exotic breeds and fewer indigenous breeds, and feeding is gotten from the open market and farmers' own feeds which results in average production. This means that urban farmers' climate choices in the type of crops and animals are adaptable to climate change stressors. In the treatment of animals under climate change effects, urban farmers use vaccination, giving animals pills, disinfecting the pens, and spraying animals with insecticides. These were significant at an alpha 0.05 (0.001, 0.000, 0.014, and 0.015 < 0.05) respectively. Therefore, under the current climate change effects, urban farmers' adaptation methods in animal production are strongly associated with the type of treatment methods used. The sources of treatment are either the farmers’ own treatment methods or the service of the Veterinary Department of MoFA. 

[bookmark: _Toc167379964]8.3 Conclusions 
[bookmark: _Hlk160023513]The study explored the spatial dynamics, urban agricultural production practices, and how urban farmers are adapting to climate change stressors in the Wa township. The study used mixed methods of data collection and analysis. The study therefore looked at the characteristics of urban agriculture production and how that informs the adaptation of farmers to climate change using descriptive and inferential statistics such as frequencies and chi-square tests. Also, the average nearest neighbourhood (ANN) ratio in ArcGIS version 10.8 was calculated, supplemented by a chi-square test, to assess the spatial distribution of urban agricultural production activities and the implications for urban farmers' climate change adaptation strategies in animal and crop production across the urban core, transitional zones, and outer zones. A binary logistic model from SPSS version 20.0 was used on the demographic characteristics that determine an urban household's engagement in urban agricultural production. Lastly, descriptive and inferential statistics from SPSS version 20.0 were used to determine the impact of climate change adaptation strategies on crop and animal production. The study therefore concludes in the following ways:

[bookmark: _Toc167379965]8.3.1 Characteristics of urban food crop and livestock production
The study concluded that agricultural production remains a dominant livelihood source for many households in Ghana including urban residents, and contributes to the national food basket irrespective of the current climatic effects on production. Urban agricultural production is an emerging approach to increasing food availability for the teeming urban population if only urban farmers' production can withstand climatic shocks. The characteristics of urban farming have several implications. For instance, to a large extent, agricultural production drives the climate change adaptation strategies of urban farmers. This is reflected in the adoption of mixed farming, which is predominated by crop diversification, to buffer against total production failure. Farmers cultivate legumes, vegetables, cereals, and livestock. However, urban farmers' crop and livestock production is done around undeveloped land at their homes in the form of gardens fenced with different materials, which are largely purchased from relatives, and friends’ lands. There are strong relationships between the types of urban farming, land acquisition, and residential classes. Different types of crops and animals are produced at the same time as climate change adaptation strategies. Bricks or blocks roofed with zinc and wooden structures roofed with zinc are used to accommodate the animals reared in the urban landscape.

[bookmark: _Toc167379966]8.3.2 Spatial distributions and patterns of urban food crop and livestock production 
The study therefore concluded that urban agricultural activities have diversified spatial dynamics across urban neighbourhoods. For instance, urban farm sizes are less than an acre of land and show a clustered distribution pattern across urban space in all the zones—lower, middle, and higher classes—just like the production of ruminants and poultry. Meanwhile, while the rearing of farm animals in open spaces shows a dispersed distribution across the urban space, the housing of animals in wooden structures and walls roofed with zinc shows a cluster distribution. The clustered distribution of urban farms can facilitate collaborative adaptation strategies among urban farmers, allowing for shared resources, knowledge exchange, and collective action to address climate change impacts effectively. Moreover, the choice of animals' housing types on urban farms can significantly impact urban farmers' climate change adaptation strategies, influencing factors such as resource efficiency, animal welfare, and resilience to extreme weather events.

[bookmark: _Toc167379967]8.3.3 Demographic factors that influence urban dwellers' participation in urban agriculture
Evidentially, it is enough to conclude that the demographic variables of urban residents—age, type of employment, household size, and income—significantly determine their participation in urban agricultural production. These are factors relating to individual social and economic conditions that influence their decision to engage in farming activities within the urban space. Understanding these determinants can provide valuable insights into why individuals choose to engage in urban agriculture and can inform policies and strategies to support and promote sustainable urban farming practices.

[bookmark: _Toc167379968]8.3.4 Climate change adaptation strategies of urban farm
Lastly, urban crop and livestock farmers' responses to climate change have demonstrated ingenuity by implementing various adaptation strategies to safeguard their livelihoods and enhance food security in urban areas. Through a combination of innovative practices and technology adoption, urban farmers have shown their ability to mitigate the impacts of climate change on agricultural production. There is a diversity of adaptation strategies employed by urban farmers, including the adoption of drought-resistant crop varieties, soil moisture and nutrient management techniques, and diversified livestock rearing. Indigenous and improved crop varieties and exotic breeds of animals are produced by urban farmers under the current climatic conditions. Soil fertility management employed by the farmers includes the use of crop residues, animal manure, and compost. Vaccination and/or pen disinfection through self-medication and/or veterinary officers are used to treat the farm animals. However, despite their adaptive capacity, urban farmers are challenged by the inaccessibility of extension services in crop production.

[bookmark: _Toc167379969]8.4 Recommendations 
Drawing from the study findings, recommendations are made for policy action and improving urban agricultural production. These recommendations aim to enhance urban agricultural production, increase food availability, and create sustainable and resilient urban food systems in the following ways:

[bookmark: _Toc167379970]8.4.1 Characteristics of urban food crop and livestock production
[bookmark: _Hlk160094846]The study recommends the integration of urban agriculture production into national-level agricultural and urban planning policies: To improve urban agricultural production under climate uncertainty, the study advocates for the integration of urban agriculture into national-level agricultural and urban planning policies to harness the full potential embedded in them at the municipal level. Therefore, the Ministry of Food and Agriculture (MoFA), NGOs, and CSOs should streamline climate change adaptation policy interventions in urban agriculture to reflect agriculture intensification. The study discovered that urban farmers leverage mixed farming and crop diversification to adapt to climate change, despite farm sizes not exceeding one-third of an acre. Mixed farming and crop diversification serve as a buffer against production failure in a single cropping system. This will set the basis for promoting urban agriculture within secondary cities.

[bookmark: _Toc167379971]8.4.2 Spatial distributions and patterns of urban food crop and livestock production 
Again, the study recommends the integration of urban agriculture and land use planning and zoning by the Town and Country Planning Department. Promoting urban agricultural production despite climate stressors calls for collaboration and knowledge-sharing among neighbouring farms while implementing resilient and adaptable infrastructure to mitigate climate change risks and enhance sustainability in urban agriculture in Africa, particularly Ghana. Therefore, developmental policies should focus on the integration of urban agriculture and land use planning and zoning by the Town and Country Planning Departments. The study ascertained a clustered and random distribution of urban agricultural activities under unregulated patterns. To promote urban agricultural production, improving access to resources such as land and water for urban farmers is recommended through the configuration of urban planning, zoning, and urban agricultural production activities.
[bookmark: _Toc167379972] 8.4.3 Demographic factors that influence urban dwellers' participation in urban agriculture
It again recommends that the government of Ghana and civil society organizations formulate and roll out pro-poor urban policies: The study revealed that participation in urban agriculture is determined by household size and monthly income. The study suggests that policymakers, urban planners, and community stakeholders should harness the potential of urban agriculture for sustainable development and resilience in the face of climate change. This should be done by rolling out pro-poor urban development policies. These policies should include, but are not limited to, pro-poor rights and legislation in urban areas; poor access to financial markets; and land tenure reforms that include flexible land holding and access by the poor.

[bookmark: _Toc167379973]8.4.4 Climate change adaptation strategies of urban farmers.
Non-governmental organizations and the Ministry of Agriculture should promote research and capacity-building investment in urban agricultural production. The study findings showed that urban farmers use multiple climate change adaptation measures for crop and animal production; soil moisture and nutrient management, choices in crop varieties, and animal breeds. This is without access to extension services in crop prediction. Therefore, there is a need to invest in research and development to identify urban-oriented climate change adaptation strategies and promote high-yield crop varieties and animal breeds suitable for urban environments. This should be backed by strategies to make extension services accessible to urban crop producers. Also, to promote urban agricultural production, government and non-government organizations, as well as civil society organizations, should integrate capacity-building initiatives, training programmes, and extension services into urban agricultural policies, which are critical to enhancing farmers' knowledge and skills in climate change adaptation. In adherence to this policy recommendation and fostering an enabling environment for urban crop and livestock farmers, governments can support the development of resilient and sustainable urban food systems that contribute to climate change adaptation, food security, and inclusive development in urban areas.

[bookmark: _Toc167379974]8.4.5 Recommendation for Future Research
The study recommends that further research on urban agriculture should consider the following gray areas, as this study did not cover them:
1. Future research should explore ways of improving urban agricultural production through a value chain approach in Ghanaian cities.
2. A study focused on urban agricultural stakeholder perspectives may be useful in gaining support and financial and technical know-how for urban farmers to adapt to the ravaging climate change and variability stressors. 
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SIMON DIEDONG DOMBO UNIVERSITY OF BUSINESS AND INTEGRATED DEVELOPMENT STUDIES
FACUTY OF INTEGRATED DEVELOPMENT STUDIES
DEPARTMENT OF ENVIRONMENT AND RESOURCE MANAGEMENT
POST OFFICE BOX WA64, WA, UPPER WEST REGION – GHANA. 
DOCTOR OF PHILOSOPHY (PHD) IN ENVIRONMENT AND RESOURCE MANAGEMENT 
QUESTIONNAIRE FOR HOUSEHOLDS SURVEY 
NB: Please answer by ticking or writing in the space provided
	My name is ………………. I am a Doctor of Philosophy (PhD) student of the Simon Diedong Dombo University of Business and Integrated Development Studies (SDD-UBIDS), Faculty of Integrated Development Studies, Department of Environment and Resource Studies. I am conducting my study on the topic, “Adaptation of Urban Agriculture to Climate Change and Variability Stressors in the Upper West Region, Ghana”. Participating in this exercise is voluntary and anything that would be said would be treated with high level of confidentiality. This questioning may last for about 45 minutes. Are you willing to respond, If yes, proceed. If no, approach another prospective respondents 

	Questions and Codes
	
Options/code
	Skip pattern/notes(if applicable)

	SECTION A: CATEGORY AND LOCATION OF RESPONDENTS INTERVIEWER DETAILS

	A1:Interviewer’s name 
	………………………………………………………
	

	A2:Interviewer ID
	……………………………………………………..
	

	A3: Class/zone of residents 
	0. Zone 1 [   ]
1. Zone 2 [   ]
2. Zone 3 [   ]
	

	A4: Household name 
	………………………….
	

	A5: Household number 
	……………………..
	

	SECTION B: SOCIO-ECONOMIC AND DEMOGRAPHIC CHARACTERISTICS

	NB: In this section, I would like to ask your questions about your social and economic life as well as households information

	B1: Age of the respondents
	 …………………………….
	

	B2: Gender of the respondents
	0. Male [   ]
1. Female [   ]
	

	B3: Marital status 
	0. Single [   ]
1. Married [   ]
2. Separated [   ]
3. Widowed  [   ]
4. Others, specify …………….
	

	B4: Employment status 
	0. Employed [   ]
1. Unemployed [   ] 
	

	B5: Type of employment
	0. Formal worker [   ]
1. Informal worker [   ]
	

	B6: Education attainment 
	0. No Formal Education [   ]
1. Basic Education [   ]
2. SHS/Secondary Education [   ]
3. Tertiary Education [   ]
	

	B7: Residential status (settlers or natives) 
	0. Native [   ]
1. Settler [   ]
	

	B8: Households incomes level 
	………………..
	

	B9: Household size 
	………………………
	

	SECTION C: CHARACTERISTICS OF URBAN FARMING

	NB: In this section, I would like to ask you few question about the features of your agriculture production in the urban space (crop or animals/both)

	C1: Do you engage in UA
	0. Yes [   ]
1. No [   ]
	If yes, skip C2 to C4, if no complete C2 to C4 and F1 to F26

	C2: If no to question C1, which of the following affect your participation in UA (tick as many as possible)
	0. Access to land [   ]
1. Inability to control animals’ destructions [ ]
2. Low yield due to weather changes [   ]
3. Less availability of knowledge [   ]
4. Land tenure security [   ]
5. Difficulties in the use of public lands (legal actions and/or confiscation) [   ]
6. Access and affordability of inputs [   ]
7. No interest [   ]
8. Others, specify…………………………………………….
	

	C3: Despite your no participation in UA, how will you rate the relevance of participation in UA
	0. Very relevant [   ]
1. Relevant [   ]
2. No idea [   ]
3. Very irrelevant [   ]
4. Ireelevant [   ]

	

	C4: Which of the following explains your ratings in question C3 above .(tick as many as possible)
	0. Addition to households’ income [   ]
1. Supplement to urban households’ food needs[   ]
2. Employment to people who practice it [   ]
3. Environmental benefits (e.g, beautification, carbon sink, solid wastes and wastes water treatment, etc.) [   ]
4. Reduction in distances to get food [   ]
5. Promotes all year consumption of fresh vegetables [  ]  
6. Others, specify ……………………………………..
	

	C5:  If you participate in UA, which of the following described your land tenure arrangement ?
	0. Family/relative land [   ]
1. Purchased [   ]
2. Gift [   ]
3. Rented [   ]
4. Other…………………………………
	

	C6: How will you describe land accessibility with respect to your participation in UA 
	0. Easy to access land [   ]
1. Difficult to access land [   ]

	

	C7: What is the main purpose of acquiring the land that is now for UA?
	0. For residential purpose [   ]
1. For farming purpose [   ]
2. For educational purpose [   ]
3. For commercial purpose [   ]
4. For religious purpose [   ]
5. Others, specify ……………………
	

	C8: Type of urban agriculture  
	0. Crop production [   ]
1. Animals production [   ]
2. Both crop and animal production [   ]
	If option 0, skip QC9 – C25a;
If option 1, skip QC3 – C9; If option 2, no skip

	C9: Location of Urban farm
	0. Roadside [   ]
1. Riverside [   ]
2. Park [   ]
3. Public land [   ]
4. Private residential [   ]
5. Industrial [   ]
6. Homes [   ]
7. Uncompleted building [   ]
8. Other, specify ……………………………………
	

	C10: How long have you been into crop cultivation in the urban area in years?
	
………………………..
	

	C11: What is the size of your plot for crop cultivation? (in acres)
	

……………………………..
	

	C12: Is the farm fenced?
	0. Yes [   ]
1. No [   ]
	

	C12a: If yes, what materials are used in fencing?
	0. Block/bricks [   ]
1. Wire mesh [   ]
2. Sticks [   ]
3. Guinea corn stocks [   ]
4. Others, specify 
	

	C13: What type of crop do you grow? (tick as many as possible)
	0. Maize [   ]
1. Millets [   ]
2. Beans [   ]
3. Groundnuts [   ]
4. Yams [   ]
5. Cassava [   ]
6. Okara [   ]
7. Tomatoes [   ]
8. Pepper [   ]
9. Cabbage [   ]
10. Pumpkin leaves [   ]
11. Other specify ………………………………..
	

	C14: What motivates your interest in crop cultivation?
	0. Sale for income [   ]
1. To meet household food needs [   ]
2. Just to occupy the land for protection [   ]
3. Leisure [   ]
4. Other, specify ……………………………….
	

	C15: How often do you involve in the activities in the urban farm?  
	0. Everyday [   ]
1. Once a week [   ]
2. Once a month[   ]
3. Twice a week [   ]
4. Twice a month [   ]
	

	C16: What is the main source of labour to your crop farming?
	0. Hired labour [   ]
1. Family labour [   ]
2. Social labour [   ]
3. Other specify …………………………………….
	

	C16a: If hired labour, how much do you spend per season?
	
…………………………..
	

	C17: How much do you spend on inputs?
	
………………………
	

	C18: What is the main purpose for cultivating crops in the urban area?
	0. For sale only [   ]
1. For consumption only [   ]
2. For consumption with minimal sales [   ]
	

	C18a: If option 1 or 3 in Q 17, how much do you get per season? 
	
………………..
	

	C19: What type of animals do you rear? (tick as many as possible)
	0. Chicken [   ]
1. Guinea fowls [   ]
2. Ducks [   ]
3. Turkeys [   ]
4. Goats [   ]
5. Sheep [   ]
6. Cattle [   ]
7. Pigs [   ]
8. Others, specify ……………………………….
	

	C20: What is the size of your plot for rearing?
	
…………………..
	

	C21: How do you keep your animals? 
	0. Intensive [   ]
1. Semi-intensive [   ]
2. Free range [   ]
	

	C22: Do you house your animals separately? 
	0. Yes [   ]
1. No [   ]
	

	C22a: If yes, what unit do you house poultry?
	0. Bricks/Blocks Built unit [   ]
1. Wooden structure [   ]
2. Open space [   ]
3. Others, specify 
	

	C22b: If yes, what unit do you house ruminants?
	0. Bricks/Blocks Built unit [   ]
1. Wooden structure [   ]
2. Open space [   ]
	

	C22c: If yes to C22, what unit do you housE pigs?
	0. Bricks/Blocks Built unit [   ]
1. Wooden structure [   ]
2. Open space [   ]
	

	C23: What is the reason for your choices in either C22a, C22b and/or C22c C20c above?
	0. To prevent theft [   ]
1. Easy to reach animals [   ]
2. To prevent disease infections [   ]
3. Others specify …………………………………
	

	C24: What motivates you into rearing?
	0. Sale for income [   ]
1. To meet household nutritional needs [   ]
2. Just to occupy the land for protection [   ]
3. Leisure [   ]
4. Other specify …………………………………………
	

	C25: How often do you involve in rearing activities in the urban area?  
	0. Everyday [   ]
1. Once a week [   ]
2.  Once a month [   ]
3. Twice a week [   ]
4. Twice a month [   ]
5. Others, specify 
	

	C26: What is the main source of labour to your animals rearing?
	0. Hired labour [   ]
1. Family labour [   ]
2. Social labour [   ]
3. Others, specify 
	

	C26a: If hired labour, how much do you spend per season?
	
………………….………….
	

	C27: How much do you spend on inputs?

	
……………………….
	

	C28: how do you consider rearing animals in the urban area?
	0. As part-time [   ]
1. As full time  [   ]
 
	

	C28a: If option 1 or 3 in QC25 how much do you get per season? 
	
…………………………..
	

	SECTION D: THE EFFECTS OF LAND USE CHANGE ON RESIDENTS’ PARTICIPATION IN URBAN AGRICULTURE (SATELLITE IMAGES)

	
	
	

	
	
	

	
	
	

	SECTION E: TO EXPLORE CLIMATE CHANGE ADAPTATION STRATEGIES OF URBAN FARMERS

	NB: In this section, I would like to ask you questions on how you adapt your crop farming and animals rearing to the changing weather

	E1: Do you have any knowledge in climate change? 
	0. Yes [   ]
1. No [   ]


	

	E1a: If yes in E1, what is climate change about?
	…………………………………..
	

	E1b:If yes to E1, how do you get the climate information?
	0. From friends and neighbors [   ]
1. From agriculture services workers (MoFA/NGOs) [   ]
2. Television [   ]
3. Radio [   ]
4. Personal observation [   ]
5. None [   ]
6. Others specify ………………….
	

	E2: Is climate change affecting your crops cultivation or animal rearing? 
	0. Yes [   ]
1. No [   ]

	

	Eaa: If yes to E3 above, in what ways does climate affect your activities? (choose as many as possible)
	0. Insufficient water [   ]
1. Low yields [   ]
2. Pest and diseases infestation [   ]
3. Erosion effects [   ]
4. Nutrients leaching [   ]
5. Post- harvest losses [   ]
6. Others specify …………………………………….
	

	Ebb: If yes to E3 above, how do you manage weather changes in crop production? (Choose as many as possible)
	0. Growing early maturing crops [   ]
1. Shifting planting dates [   ]
2. Mixed cropping [   ]
3. Irrigation [   ]
4. Others, specify 
	

	E3: What is the main source of water for your crop cultivation? (Choose as many as possible)
	0. Rain [   ]
1. Drains, streams, small rivers, dug-out/wells [   ]
2. Pipe-borne water from public water system [   ]
3. Mechanized boreholes [   ]
4. Others specify …………………………………
	

	E4: What is the main land preparation practices in your crop cultivation? 
	0. Raised mounds [   ]
1. Zero tillage [   ]
2. Tractor ploughing [   ]
3. The use of ridges [   ]
4. The use of hand [   ]
5. Others specify ………………………………………
	

	E5: What are the farm implements used in your crop farming (choose as many as possible)
	0. Hoes [   ]
1. Tractor [   ]
2. Planter [   ]
3. Thrasher [   ]
4. Cutlasses [   ]
5. Combine harvesters [   ]
6. Other specify ………………………………………………
	

	E6: What soil and water management practices do you use? (choose as many as possible)
	0. Mulching [   ]
1. Intercropping [   ]
2. Cover cropping [   ]
3. Ridging [   ]
4. Tired ridging [   ]
5. Other specify ………………………………………………
	

	E7: What soil erosion management practices do you apply to your farm? (choose as many as possible)
	0. Boundary bounds [   ]
1. Contour ploughing [   ]
2. Stone bonding [   ]
3. Cover cropping  [   ]
4. Other specify ………………………………………………
	

	E8: What soil fertility management practices do you practice? (tick as many as possible)
	0. Application of mineral fertilizers [   ]
1. The use of crop residues [   ]
2. Manure [   ]
3. Compost [   ]
4. Other specify ………………………………………………
	

	E9: How do you manage weather changes in crop production? 
	0. Growing early maturing crops [   ]
1. Shifting planting dates [   ]
2. Mixed cropping [   ]
3. Irrigation [   ]
4. Others, specify ……………..
	

	E10: What type/variety of seeds do you sowin your farm?
	0. Local/indigenous seeds [   ]
1. Improved seeds [   ]
2. Hybrid seeds [   ]
3. Both improved and indigenous/local seeds [   ]
4. Others, specify ……………………………………….
	

	E11: What is the sources of seeds you grow?
	0. Own seeds [   ]
1. Bought from agro-shops [   ]
2. Family/relative seeds [   ]

	

	E12: What is the yield situation of your crops? 
	0. Good [   ]
1. Average [   ]
2. Not good [   ]

	

	E13: Do you ever benefit from the services of Agricultural Extension Services from MoFA or any organization ?
	0. Yes [   ]
1. No [   ]

	

	E13a: If yes to E14 above, how often? 
	0. Very often [   ]
1. Often [   ]
2. Sometimes [   ]
3. Not all [   ]
	

	E14: What can you say about the production level of your crops amid weather changes? 
	0. Good [   ]
1. Average [   ]
2. Not good [   ]

	

	ANIMALS 
	
	

	E15: What breed of animals do you rear?
	0. Indigenous/local [   ]
1. Exotic/foreign [   ]
2. Both Indigenous/local and Exotic/foreign [   ]

	

	E16: What is the main sources of feeds to your animals?
	0. Own feed [   ]
1. Purchase seeds from the market [   ]
2. Gift from friend/ relatives [   ]
	

	E16a: If option 1 in E16 above, from which source do you buy the feed from? 
	0. Certified feed dealers [   ]
1. Open market [   ]
2. Other sources, specify, ………………………………..
	

	E17: How do you house your animals against bad weather?
	0. In rooms with light and air [   ]
1. In rooms without light but aerated [   ]
2. In wooden structure with light and aerated [   ]
3. In a wooden structure without light but aerated [   ]

	

	E18: Do you treat your animals? 
	0. Yes [   ]
1. No [   ]
	

	E18a: If yes to E19 above, how often? 
	0. Very often [   ]
1. Often [   ]
2. Sometimes [   ]
3. Not all [   ]
	

	E18b: If yes to E19, how often? 
	0. Very often [   ]
1. Often [   ]
2. Sometimes [   ]
3. Not all [   ]
	

	E18c: If yes to E19,  which source do you get the treatment from?
	0. Veterinary Department of MoFA [   ]
1. Self-medication [   ]
2. Private Veterinary practitioner [   ]
3. Other, specify, ………………
	

	E18d: IF yes to E19, in which of the following ways?
	0. Vaccination
1. Giving the animals pills
2. Disinfecting pens 
3. Spraying animals with some insecticides 
4. Other, specify, ………………………………………
	

	E18e: if yes to E19, how?
	………………………………………………….
	

	E18e: If no to E19, how do you protect your animals from diseases? 
	
…………………………………………………
	

	E19: What is the main source of information on weather changes to guide your animals rearing?
	0. From friends and neighbors [ ]
1. From agriculture services workers (MoFA/NGOs) [   ]
2. Television [   ]
3. Radio [   ]
4. None [   ]
5. Personal observation [   ]
	

	E20: What do you have to say about your animals production amid weather changes?
	0. Good [   ]
1. Average [   ]
2. Not good [   ]

	

	SECTION F: URBAN AGRICULTURE CONTRIBUTIONS TO HOUSEHOLDS’ FOOD SECURITY

	NB: Food security: At this point, I would like to ask you questions relating to food security in your households.

	F1: Do you think community garden changed your lifestyle?
	0. Yes [   ]
1. No [   ]
	NB: For both urban and non-urban farmers 

	F2: If yes, why?
	0. Yes, I feel eating healthier [   ]
1. Yes, I save more money [   ]
2. Yes, I feel it is more convenient [   ]
3. Yes, other reasons
………………………………………
	

	F3: If no, why?
	0. No, I always live like this [   ]
1. No, I don’t feel much differences [   ]
2. No, other reasons
……………………………………………
	

	Food availability 

	F4: Is urban farming the main source of food supply to your household?
	0. Yes [   ]
1. No [   ]
	

	F4a: If yes to F4 did you or other household members ever skip a meal because there was no enough money to buy food over the last 12 months?
	0. Once a week [   ]
1. Once a month [   ]
2. Once in 3 months [   ]
3. Once in 6 months [   ]
4. Never skipped the meal [   ]
5. Don’t know [   ]
	

	F5: Is the produce from your urban farming enough for your household throughout the year?
	0. Yes [   ]
1. No [   ]
2. Sometimes [   ]
	

	F6: Has your household been able to feed on produce from urban farming in the past 12 months? 
	0. Yes [   ]
1. No [   ]
2. Don’t know [   ]
	

	F7: Did you ever cut the size of children’s meals due to no enough food available?

	0. Once a week [   ]
1. Once a month [   ]
2. Once in 3 months [   ]
3. Once in 6 months [   ]
4. Never [   ]
5. Don’t know [   ]
	

	Food accessibility 

	F8: Does your household get food from your urban farming throughout the years?
	0. Yes [   ]
1. No [   ]
2. Sometimes [   ]
	

	F9: How often did you or other household members ever not eat for a whole day because of lack of food in the house?
	0. Once a week [   ]
1. Once a month [   ]
2. Once in 3 months [   ]
3. Once in 6 months [   ]
4. Never happened [   ]
5. Don’t know [   ]
	

	F10: Did any of the children ever skip a meal due to no enough food in the house?
	0. Once a week [   ]
1. Once a month [   ]
2. Once in 3 months [   ]
3. Once in 6 months [   ]
4. Never [   ]
5. Don’t know [   ]
	

	F11: Did any of the children ever not eat for a whole day because of lack of money to
buy food?
	0. Once a week [   ]
1. Once a month [   ]
2. Once in 3 months [   ]
3. Once in 6 months [   ]
4. Never [   ]
5. Don’t know [   ]
	

	Food affordability 

	F12: Apart from your urban farm produced, is your household able to afford other food produced in the urban center?
	0. Yes [   ]
1. No [   ]
2. Sometimes [   ]

	

	F13: Are vegetables produced in the urban space expensive? 
	0. Yes [   ]
1. No [   ]
2. Sometimes [   ]
	

	F14: Are animals products like ruminants produced in the urban centers 
	0. Yes [   ]
1. No [   ]
2. Sometimes [   ]
	

	F15: Are you able to buy chicken produced in the urban centers?
	0. Yes [   ]
1. No [   ]
2. Sometimes [   ]
	

	F16: In your own view which of these produced in the urban space are costly?
	0. Chicken and chicken products [   ]
1. Small ruminants [   ]
2. Vegetables [   ]
	

	Food utilization 

	F17: Do you think your crop farming in the urban center has improved your household’s daily food intake?
	0. Yes [   ]
1. No [   ]
	

	F17a: If yes, to what extent?
	0. Slightly better [   ]
1. Better [   ]
2. Much better [   ]
	

	F17b: If no, then
	0. Same [   ]
1. Worse [   ]
2. Much worse [   ]
3. Don’t know 
	

	F18: How long has your household been able to feed on your own urban food produce?
	0. Less than 3 months [   ]
1. 3 months [   ]
2. More than 3 months  [   ]
3. 6 months [   ]
4. The whole year [   ]
	

	F19: How many times do your household eat in a day?

	0. Once [   ]
1. Twice [   ]
2. Thrice [   ]
3. None [   ]
	

	F20: In the past one month has any member of your household skip meal
	0. Yes [   ]
1. No [   ]
	

	F20a: If yes, what was the reason?
	0. Unavailability of food [   ]
1. Voluntarily [   ]
2. As a way of managing food [   ]
	

	F21: In the past one week, has your household face with food challenges? 
	0. Yes [   ]
1. No [   ]
	

	F22: In the past, 3 months, has your household faced food challenges?
	0. Yes [   ]
1. No [   ]
	

	F23: In the past 6 months, has your household faced food challenges?
	0. Yes [   ]
1. No [   ]
	

	F24: In the past one year, has your household faced with food challenges?
	0. Yes [   ]
1. No [   ]
	

	Coping strategies 

	F25: Did you or other household members ever eat less than you or they would have needed to eat?
	0. Once a week [   ]
1. Once a month [   ]
2. Once in 3 months [   ]
3. Once in 6 months [   ]
4. Never [   ]
5. Don’t know [   ]
	

	F26: In case of food shortage in your household, how do you dealt with it? (tick all apply)
	0. Borrowing from friends, neighbors, relatives, etc. [   ]
1. Reduce frequency of eating in a day by all household members [   ]
2. Reduce expenditures on health [   ]
3. Reduce expenditures on education [   ]
4. Adults skip meals once a day [   ]
5. Selling assets (e.g. bike cycle, motorcycle, bull, farm equipment, etc) [   ]
6. Others (Please, specify…………………………
	



END OF THE QUESTIONNAIRE!!!!!!!!!!
[bookmark: _Toc167379978]Appendix B

SIMON DIEDONG DOMBO UNIVERSITY OF BUSINESS AND INTEGRATED DEVELOPMENT STUDIES
FACUTY OF INTEGRATED DEVELOPMENT STUDIES
DEPARTMENT OF ENVIRONMENT AND RESOURCE MANAGEMENT
POST OFFICE BOX WA64, WA, UPPER WEST REGION – GHANA.

DOCTOR OF PHILOSOPHY (PHD) IN ENVIRONMENT AND RESOURCE MANAGEMENT

INTERVIEW GUIDE 

	My name is Godwin Kumpong Naazie. I am a Doctor of Philosophy (PhD) students of the Simon Diedong Dombo University of Business and Integrated Development Studies (SDD-UBIDS), Faculties of Integrated Development Studies, Department of Environment and Resource Studies. I am conducting my study on the topic, “Adaptation of Urban Agriculture to Climate Change and Variability Stressors in the Upper West Region, Ghana”. I would like to take about 45 minutes of your time to ask you few questions to assist me write my reports. Participating in this exercise is voluntary and anything that would be said would be treated with high level of confidentiality. Can I have about 20 Minutes of your time? 



Target Respondents:

1. Key informants’ interviews (16) key informants would be interviewed. They include Chiefs (4), Tindaabas (4), Assembly members (4), Agriculture Extension Officers (4) and Veterinary Officers (4)
2. Institutional interviews: Municipal Town and Country Planning Department, Ghana Metrological Agency and Environmental Health and Sanitation 

NB: For all participants

5. What are the stakeholders in urban farming? probe for 
a. The list of all individuals and institutions/organizations or groups that have interest in urban farming
b. List their functions in promoting urban crops and animal’s production

6. What is the level of collaboration between these stakeholders? probe for 
a. The weak or strong collaborations
b. If there are weak collaborations, how could it be strengthening and 
c. If strong, how could it be maintaining

NB: For Town and Country Planning Department, Landlords and Chiefs 

7. What are the legal framework(s) in line with urban agriculture? (probe for
a. Zoning and agriculture production
b. Land acquisitions procedures and arrangement
c. Effectiveness and challenges of the laws, how could this be improved.

NB: For Environmental Health and Sanitation Department 

8. What are the legal framework(s) in line with urban agriculture? probe for 
a. sanitation laws in relations to crops and animals’ production
b. The laws effectiveness and applicability
c. The challenges possible solutions to those challenges.

NB: For MoFA (Crop and Animals’ Department 

9. What are the functions of MoFA in urban agriculture activities? probe for
a. The basic roles MoFA Departments playing in promoting urban agriculture
b. How climate change affects crops and animals’ production 
c. Farmers’ adaptation measures to crops and animals’ production
d. The nature of extension services to crop producers and veterinary services to animals’ producers 
e. Channels of communicating good agricultural practices to farmer
f. Challenges urban crops and animals’ producers face, how to mitigate these challenges, etc.
[bookmark: _Toc167379979]Appendix C: Average Nearest Neighbour Ratio Graphs
This part shows the graphs used in the average neighour ratio analysis. Appendix C1 represents animals, C2 is for type of animals housing structures and C3 is for urban farm sizes 

Appendix C1: Average Nearest Neighbour Ratio Graphs for type of animals 
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Appendix C1a: Cattle Average Nearest Neighbourhood Graph 
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    Appendix C1b: Goat Average Nearest Neighbourhood Graph 
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Appendix C1c: Poultry Average Nearest Neighbourhood Graph 
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Appendix C1d: Sheep Average Nearest Neighbourhood Graph 










Appendix C2: Average Nearest Neighbour Ratio Graphs for type Animal Housing Unit  
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Appendix C2a: Open space Average Nearest Neighbourhood Graph 
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Appendix C2b: Walls roofed with zinc Average Nearest Neighbourhood Graph 
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Appendix C2c: Wooden Structure Roofed with Zinc Average Nearest Neighbourhood Graph 










Appendix C3: Average Nearest Neighbour Ratio Graphs for urban crop farm sizes 
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Appendix C3a: Farm size up to an Acre Average Nearest Neighbourhood Graph 
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Appendix C3b: Farm size up to Half an Acre Average Nearest Neighbourhood Graph 
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Appendix C3c: Farm size up 0.3 an Acre Average Nearest Neighbourhood Graph 
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Appendix C3a: Farm size Less than 0.3 an Acre Average Nearest Neighbourhood Graph 
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pattem could be the result of random chance.
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Dispersed

Given the z-score of -1.17277750238, the pattern does not appear to be significantly different
than random.
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Dispersed

Given the z-score of 137286108104, the pattern does not appear to be significantly different
than random.
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Dispersed

Given the z-score of -6.81747755789, there is a less than 1% likelihood that this clustered
pattern could be the result of random chance.
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Dispersed

Given the z-score of -20.3748692484, there is a less than 1% likelihood that this clustered
pattern could be the result of random chance.




