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Increasingly, urban land use planning is getting more complex as limited urban spaces are continuously allocated among diverse land uses. From previous urban food system studies in Ghana, it has become apparent that large portions of urban land parcels are unsustainably converted to urban infrastructure. Hence, the sustainability of the food system is significantly threatened by inefficient spatial and infrastructure planning mechanisms that fail to protect urban agricultural zones. Of critical concern is the fact that agricultural land use allocations on planning schemes are easily converted to residential uses under demand driven expropriations. In that respect, this study was undertaken in the Bolgatanga Township to understand how urban dwellers sustain urban agricultural practices within the city. Using field surveys, key informant interviews and GIS mapping, the study found that, the total sizes of agricultural lands have decreased significantly since 1996 as urban Bolgatanga began sprawling from the inner city through to the urban fringes. In the process, agricultural lands have decreased in terms of both size and contiguity at the household level, compelling farmers to create multiple segregated farmlands within residential neighborhoods in the form of compound farms or fenced urban gardens. Hence, some urban farmers continue to rely on undeveloped residential plots and open public spaces in the inner city for production, but they easily lose these as developments in residential neighborhoods intensifies. From the physical development pattern of the city, we conclude that urbanization in agrarian cities will exacerbate the challenges of food production if relevant policy interventions are unavailable to provide for and protect agricultural lands. The study recommends that, food-inclusive planning schemes should be the basis of future physical plans to guide land uses in the peri-urban and rural zones. This will require both political will and community consensus building on the necessity to preserve urban agricultural space to sustain food supply.
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INTRODUCTION

Urban agriculture occupies a special economic niche and offers food and livelihood opportunities for a section of urban population especially urban poor. Importantly, it is critical to ensuring urban food security and attainment of the sustainable development goals; zero hunger (SDG 2) and sustainable cities and communities (SDG 11). However, the sustainability of this enterprise faces serious threat from rapid urbanization, spatial and regulatory lapses in urban planning and development process. According to Rakodi (1997:1) “it is almost a truism that the planet's future is an urban one, and that, the largest and fastest growing cities are primarily in developing countries.” Already the effects of rapid urbanization in developing countries are manifesting in urban sprawl, socio-economic inequities, environmental degradation, and institutional challenges for urban residents and local authorities (Owusu and Lawrence, 2010; Anarfi et al., 2020). Even though governments have tried to tackle some of these emerging challenges through institutional and legislative reforms, very little has been achieved due to implementation bottlenecks. Coulibaly and Li (2020) and Aguilar and Ward (2003) indicated that rapid urban population growth has led not only to an increasing demand for urban land for residential purposes, but also for other urban uses.

In many parts of the world, there is spatial expansion, intensification and peripheralization of urban land (see Aberra and King, 2005; Kuusaana and Eledi, 2014, 2015a; Follmann et al., 2021). Urban areas in Africa have seen heterogeneous populations engaging in different land uses within its peri-urban enclaves (see Thuo, 2010). Urban areas have transformed greatly into non-agricultural uses due to urban population growth dynamics (see Chirisa, 2010; Coulibaly and Li, 2020). Food supply from the urban space faces potential collapse with attendant food security problems for urban households. For instance, Lyons et al. (2013), have noted that the growth in urban populations presents formidable challenges toward addressing potential food crisis that confront the world. They opined that in Australia for instance, there are growing concerns about sustainability of urban agricultural systems into the future and ability to continue to supply food to the growing population. They again noted that urban planners are strategically placed to contribute toward alleviating growing food security challenges through urban space creation for food production. Since there are concerns about environmental and socio-political limits to contemporary industrial food systems (Lyons et al., 2013), it is critical to project urban food production as a critical anchor to tackling global food security challenges.

Rapid urbanization has multiple impacts on urban land use as well as the livelihoods of peri-urban communities (Aberra and King, 2005; Mohammed et al., 2020). This is because it is inextricably intertwined with the rural fringes where urban growth encroaches on agricultural lands and the surrounding rural residents (Gantsho, 2008; Thuo, 2010; Coulibaly and Li, 2020; Mohammed et al., 2020). Thus, growth in urban population increases population densities within established urban and per-urban areas (Mandere et al., 2010). This means that urbanization transforms peri-urban settlements from simple patches of villages with rural lifestyles to a more complex, partly urban lifestyles (Edusah, 2008; Osumanu et al., 2018; Mohammed et al., 2020). A key challenge to the urbanization process is the rapid conversion of large amount of prime agricultural land in the urban periphery to urban housing, thereby creating a viable land market that escalates rural land prices (Owusu and Agyei, 2007; Gantsho, 2008; Osumanu et al., 2018; Akaateba, 2019; Czekajlo et al., 2021) and transforms them from hitherto gratuitous grants to highly commercialized transactions (see Kuusaana, 2016).

It is observed that the natural physical environment suffers greatly from peri-urban population growth (Chirisa, 2010; Mohammed et al., 2020). For instance, the extension of the urban corridors significantly reduces available productive land and encroaches upon important ecosystems (UNFPA, 2007). Peri-urbanization leads to farmland decline as rapid urban expansion consume peri-urban lands and creates productive land scarcity as non-farm activities increase land values (Abass et al., 2018). It breeds poverty among urban residents, triggers land fragmentation, creates unemployment and neighborhood conflicts, and disrupts traditional livelihoods (Abass et al., 2018; Abdulai et al., 2020). In the peri-urban area, the process of land use conversion from agricultural to residential, commercial, and industrial uses, goes hand in hand with transformations in the livelihoods of different groups—with the poorest often losing out (Tacoli, 2004). Whilst the wealthy can shed off rural attitudes in response to urban challenges, the poor in peri-urban areas are slow in doing so (CEDEP, 2005). It is worth noting that, urbanization does not only pose a constraint to urban poor living on urban fringes, but it may also create numerous opportunities as well. For instance, urbanization creates opportunities in wage employment, trade diversity, and provides them with improved access to urban services and infrastructure (Aberra and King, 2005; United Nations, 2019) if its dynamics are properly management. On the contrary, it can also result in unemployment, poor social amenities, escalation of crime, loss of social safety nets among others. As infrastructure and social amenities in urban areas improve, these areas are consequently transformed into complex monetised urban economies and integrated into the urban enclave (Aberra and King, 2005; Adu-Ampong et al., 2008). Consequently, urban land use changes from agricultural to non-agricultural uses can result in livelihood diversification across the different social classes.

In Ghana, Metropolitan, Municipal and District Assemblies (MMDAs) are tasked to spearhead urban development planning and to address urban challenges relating to urban and peri-urban livelihoods, governance, social service, infrastructure development, poverty alleviation, minimizing environmental degradation and urban security (see Annez et al., 2010; UN-Habitat, 2010). However, the lack of funding creates difficulties for the MMDAs in executing this mandate (Hackman et al., 2021). Though there have been numerous geographical studies on rural-urban linkages, particularly effects of urbanization on rural socio-economic and ecological systems (Aguilar and Ward, 2003; Tacoli, 2004; Aberra and King, 2005; Adu-Ampong et al., 2008; Kuusaana and Eledi, 2014, 2015a; Coulibaly and Li, 2020) few studies have examined the household level impacts of urbanization and how urban farmers sustain agricultural practices amid growing land scarcity. In addition, previous studies have laid emphases on uncontrolled urbanization and its livelihood implications (Aberra and King, 2005; Adu-Ampong et al., 2008; Appiah et al., 2014), its concerns for food systems (Kuusaana and Eledi, 2014) and food security (Bonye et al., 2021), determinants of peri-urbanization and land use change patterns in peri-urban Ghana (Appiah et al., 2014; Fuseini et al., 2017; Kleemann et al., 2017; Abdulai et al., 2021). However, few studies have explored the sustainability dynamics of urban agriculture in the wake of rapid urban expansions and population growth trajectories in the Bolgatanga area of the savannah ecological zone of Ghana. Even though Tacoli (2004) has emphasized that urbanization leads to the transformation of livelihoods among different groups, agricultural, residential, and commercial land uses continue to co-exist in many cities of developing countries. However, the dearth of holistic studies on how the peri-urban households cope with the growing land scarcity and underlining sustainability challenges impede sound appreciation of urban agriculture and food supply discourse, and the opportunities that urbanization presents.

As urbanization increases pressure on urban land, water, and labor supply systems (see Thebo et al., 2014; Zoomers et al., 2017), it is important to integrate urban and peri-urban agriculture into urban land use planning (Kleemann et al., 2017; Bonye et al., 2020; Nicholls et al., 2020). It is expected that to be able to keep urban and peri-urban agricultural lands consistently relevant, it is imperative to properly understand how to integrate them into urban land use planning (Bates et al., 2014; Cortinovis and Geneletti, 2018). This will prevent urban farmers from continuing to operate informally (Orsini et al., 2020) and on unauthorized public lands (see Kuusaana and Eledi, 2015a).

Agricultural activities in urban areas in Africa have been affected resulting in output reduction, reduction in farm size and farm output losses due to increasing land use changes emanating from city's outward expansion and the peripheralization of agriculture (see similar studies are Drechsel and Dongus, 2010 in Tanzania; Vermeiren et al., 2013 in Uganda). The Bolgatanga Municipality (in Ghana) is used as a case study because urban peasants have sustained urban agriculture within the Town notwithstanding the competition with non-agricultural land uses and the urban development complexities. Since such indigenous urban-poor peasants are recognized as a special category of vulnerable groups (Maxwell et al., 2000), it is imperative to empirically understand the urban characterization of Bolgatanga and how land use changes are affecting peri-urban peasants' access to land and identify sustainable options for urban agricultural activities. The study also addresses the question of how urban farmers respond to urban growth dynamics amidst existing spatial challenges (see Follmann et al., 2021). Hence, this study combines both the spatial dynamics and the multiple complexities and interlinkages of urban agriculture to understand the transformations and responses of urban and peri-urban farmers under urban growth. These discussions are relevant for both planning practice and policy formulation that are anchored on consultative approaches. Integrating urban agriculture into sustainable urban development framework is critical to the attainment of sustainable development goals especially considering the livelihood connections of the urban poor to urban agriculture economy (see Follmann et al., 2021).

The next section of the paper reviews literature on the nexus between urban farmer population dynamics and land use to establish the theoretical linkages of urbanization and its impacts on the urban population especially urban food systems, land use change and food production under customary land tenure settings. Section discusses the study area location, land tenure system and urban growth patterns. This is followed by the research methodology—materials and methods. Data presentation, analysis and discussions are contained in section five, while conclusion and recommendations constitute section six.



MULTIPLE IMPACTS OF PERI-URBANIZATION: FOOD SYSTEMS, FOOD PRODUCTION AND LAND USE CHANGE

For most of Africa, peri-urbanization is characterized as unprecedented informal urbanization of poverty (Kombe, 2005; Atu et al., 2013) through out-migration of urban inhabitants to escape from urban policies harassment (Lupala, 2002). Angel et al. (2005) indicates that peri-urbanization in Africa leads mainly to horizontal growth of towns and encroachment on farmlands and rural communities. While it is not accompanied by tangible economic growth and buoyant secondary activities as recorded in many African cities, peri-urbanization substitutes agricultural land uses (Spence et al., 2009). Global urban expansion revealed that cities in developing countries have three times the population density of cities in developed countries (see Angel et al., 2005; United Nations, 2019). Today, the largest and fastest-growing cities in the world are in southern countries i.e., Africa, Asia, Central and South America. Despite the general decline in population growth rates since the mid-1980s, Africa remains the world's fastest-growing region (Kaba, 2020) with expectation that its built-up area will triple, while the population doubles (see Angel et al., 2005; Kaba, 2020; Zimmer et al., 2020). Even in African cities with smaller densities, urban sprawl remains a major concern for urban residents and local governments (Otoo et al., 2006; Yankson, 2006) because of unique urban form, historical growth patterns and customary tenure systems of landholding (see Akaateba, 2019; Akaateba et al., 2021). For many smaller cities, migration remains a major source of population growth (Olima, 2003).

In Ghana, urban population growth rate of about 4.3% has outstripped the overall national population growth rate of about 2.1% (Ghana Statistical Service, 2002; 2021; UNFPA, 2007). This rapid rate of urbanization in Ghana represents a major redistribution of population, with significant implications for national development. The share of urban population is also higher in Ghana than in the West African region, where in 2010 about 42% of the West African population lived in urban areas (OECD, 2018).

Even though urban agriculture has not received significant policy attention in Ghana and in many developing countries, the practice flourishes in the developed countries where several conditions are favorable (Sroka and Pölling, 2015) as an employer and a source of food. De Bon et al. (2010) argue that urban agriculture could provide employment opportunities for the teaming unemployed youth in urban areas. Urban agriculture also has the potential to provide city markets with fresh fruits and vegetables, reduce the urban waste, as well as improve urban biodiversity (Orsini et al., 2020). Mariwah and Drangert (2011) have earlier argued that urban agriculture provides opportunity for the use of urban household waste such human excreta to improve crop yield and enhance food security among urban households and the larger city. The importance of urban agriculture therefore makes it imperative for planning authorities to consider it as a planning problem in urban planning schemes in Ghana and in similar contexts across the sub-region.

Peri-urban land is of capital importance in modern societies because it pivots all the dynamics of societal transformations (see Follmann et al., 2021). Urban expansion and the competition for land may also result in changes in land use, ownership, property rights regime, and land tenure (Wehrmann, 2008). Thus, peri-urban areas are the center of almost all formal and informal developments such as new urban expansion and decline of agricultural lands and rural employment opportunities (Payne, 1997; Allen, 2003; Lerise et al., 2004). Land use changes are foremost among changes occurring in the peripheral cities (Tacoli, 2004). Furthermore, Owusu (2008) observed that the process of peri-urbanization has successively changed the land use patterns in the peri-urban areas in Ghana. According to Appiah et al. (2014) the decision to convert land from agricultural uses to residential and commercial uses are driven by many [f]actors, including social and economic. Lambin et al. (2003) reported that land use changes are primarily influenced by changes in demography, policies, economic and political or at times a combination of these factors. Webster and Muller (2002) stresses on the economic rationality of peri-urban landowners as the key driver of peri-urbanization. Accordingly, higher economic gains from land conversion and transformation to other non-agricultural uses, motivate landowners to opt for the higher future returns on their land (Irwin and Geoghegan, 2001) and may speculate on the land (Satterthwaite et al., 2010). This incentive makes some customary landholders to alter the available land use plans to create non-existent “sellable” spaces for urban infrastructure (Adriana, 2003; Yeboah and Shaw, 2013). For instance, in the stool land areas in Ghana, the decision to convert agricultural land to non-agricultural uses in the peri-urban enclaves are influenced largely by economic incentives (see Kasanga et al., 1996; Kidido and Bugri, 2020; Kidido, 2021) and executed by chiefs and other traditional local actors. The changing land use patterns, to a large extent, have significant consequences on peri-urban land use decisions (Kombe, 2005; Dutta, 2012; Appiah et al., 2014), and deepens informal land tenure struggles (Haller, 2014; Cobbinah et al., 2015; Schmidt et al., 2015).

The need to produce adequate food to feed the rising regional populations makes the issue of food production within the urban space a crucial matter. Shields (2013: p. 6) cites two main forces which accompany the issue of urbanization: increase in the population on a concentrated space and the resultant decrease in the cultivable land available. This is inevitable to some extent, as civilisations have thrived in areas with high soil fertility as well as the availability of freshwater resources (Satterthwaite et al., 2010). The FAO (2011) believes that sustainable intensification is the best way to produce enough food to feed urban dwellers. For example, according to Robineau and Dugu (2018) farmers adapt farmland intensification practices to utilize diminished farmlands and to compensate for their losses. While the issue of boosting food production remains critical, there also appear to be some concerns about the environmental impact of agriculture resulting from intensification due to the usage of chemical fertilizers, pesticides as well as irrigation technologies (Shields, 2013: p. 6; Pinstrup-Andersen and Pandya-Lorch, 1994). However, the reverse is also problematic in which case urban industrial activities could pollute the soil and water, thus making urban agricultural produce unsafe for consumption. Also, urban flooding can pollute water sources and urban farmlands (McLees, 2011). The FAO (2011) advocates for a strong connection between rural and urban areas to ensure adequate food production by their combined agricultural practices (see also Bricas et al., 2003).



STUDY AREA DESCRIPTION—LOCATION, LAND TENURE SYSTEMS AND URBAN GROWTH


Location and Land Tenure System

The study was undertaken in the Bolgatanga Township within the Bolgatanga Municipality of the Upper East Region of Ghana. The Upper East Region is in the north-eastern corner of Ghana with a total landmass of approximately 8,842 square kilometers representing 3.7% of the total land mass of the country. Bolgatanga is the capital city of the Upper East Region, and it is located within the Bolgatanga Municipality. The Municipality was created in 2004 under the Legislative Instrument (L.I.) 1797 and is located at the heart of the Region. The Bolgatanga Municipality has a total landmass of about 444 square kilometers. The Bolgatanga Township is a fast-urbanizing city with increasing urban share of the Upper East Region's population in 1984 which stood at 32,495, the year 2000 was at 49162, 2010 was at 65,549, and the estimated population in 2016 was at 77,768 and to 156,678 in 2018 as projected (Ghana Statistical Service, 2010; 2014a). The 2010 Population and Housing Census subsequently recorded a population of 131,550 people in the Bolgatanga Municipality with a total of 65,549 representing 49.8% of the population living in urban areas (Ghana Statistical Service, 2012). This places the Municipal urbanized share at 49.8% above the regional urbanized share of 21% but slightly below the national average of 50.9%. The Bolgatanga Municipality has a population density of 302 persons per km2, which is higher than the national average of 103 people/km2 (Ghana Statistical Service, 2014a). One of the reasons for the high population density is the high fertility rate of 4.7 and immigration from deprived districts across the region. Apart from these, the peaceful environment characterizing the Bolgatanga Municipality coupled with its relatively endowed natural resources, especially at its periphery, as well as its commerce-oriented economy has acted as a trigger for migrants from Bawku because of the chieftaincy and related conflicts (Ampofo et al., 2015). Figure 1 is used to indicate the geographical location of Bolgatanga as the study area and situated within the regional contextualization of the Upper East Region.


[image: Figure 1]
FIGURE 1. Map of Bolgatanga municipality of the Upper East region of Ghana.


Like in many parts of Africa, land is controlled under the customary system which is governed by well-intentioned social and cultural rules, laws, and obligations meant to grant equal access to families within groups with common interest in land (Kasanga, 1995; Yaro, 2010). In Ghana, approximately 80% of the lands are controlled by chiefs, family heads, earth priests and individuals, while the rest are held in trust by the state through compulsory acquisition (Gyapong, 2021). It is, however, crucial to point out that the Tendamba (loosely translated as Landowners) control lands in northern Ghana, while lands in the south are largely controlled by stools and chiefs (Kasanga, 1995). Land owning groups in Upper East Region includes the Tendamba, Chiefs, families, individuals, and government (ISSER, 2007). In the Bolgatanga Municipality, the Tendamba are the highest authority as far as land is concerned. The Tendaana functions as the administrator of the land and the allodial interests over the land reside in him (Kasanga and Kotey, 2001). Besides the Tendamba, other allodial rights over land are vested in various families within the Municipality. Members of these families therefore enjoy the right to use the land indefinitely.

Chiefs enjoy greater public recognition because of their social and political responsibilities to the community, however, they have limited authority over land in the Municipality (Rattray, 1929). Natives of the area are said to possess customary freehold or usufructuary rights to land (ISSER, 2007). Although this may just be the right to use the land, the period could in fact be indefinite since there are no conditions attached to the holding of such land. Non-indigenes who possess this title are also not allowed to sell any part of the land in their possession. It is believed the Tendamba were given the land by God. However, like in other parts of the country, rapid urbanization, land commoditisation and, competition between agriculture and residential uses are occasioning gradual changes in the customary land tenure arrangements and allocation dynamics. These emerging changes turn to promote haphazard developments in the peri-urban areas (Yaro, 2010) which undermine sound physical planning that delivers sustainability and resilience communities.



Urban Growth Pattern in Bolgatanga Description

Urban growth in Bolgatanga has been quite slow but predominantly along major road infrastructure networks. The city has three major roads, which define the axis of growth and development. These roads connect to divide the city into three main quarters—the old residential area, government residential area and central built-up area. These roads have significantly contributed to the morphological structure of the city (see Briggs and Mwamfupe, 2000). The old residential quarters exhibit higher densities and compactness in comparison to the government residential areas. The government residential areas typically have low densities and less compactness because of the low level of developments. The central built-up area exhibits a very compact development of single-story multi-tenanted compound houses. The reason is that these areas house the first settlers and indigenous people who have culturally lived together to protect themselves against slavery which was a common practice during the period of the slave trade. The buildings in this area are predominantly constructed along or adjacent to the city's main roads and they serve mixed-use residential and commercial functions while those farther from the roads are dominated by residential developments. In the immediate periphery of the city, however, stretching over a large expanse of the Municipality, are dispersedly distributed local family compound houses. In these inner-city areas, urban agriculture exists in the form of fenced-backyard gardens. Figure 2 is used to display the different compactness of residential developments from the Central Business District (CBD).


[image: Figure 2]
FIGURE 2. General distribution of densities within Bolgatanga. Source: Google Earth image with illustrations.


From the city center, running southward is the Bolgatanga-Tamale highway and eastward is the Bolgatanga-Bawku highway. These highways serve as growth poles which attract physical development activities of housing, social infrastructure, and commercial facilities. Growth of the city to the south and to the east of the city benefits from these highways as they are major entry points into the city. The Kumbosugu and Zuarungu communities have witnessed conspicuous infiltration of recent residential developments in a hitherto dispersed rural residential setting. Running from the city center northwest is the Bolgatanga-Navrongo-Paga highway, which connect beyond the national border to Ouagadougou (the capital city of Burkina-Faso). About 12 km along this road is the Sumbrungu community where the Bolgatanga Technical University is located. Even though the Bolgatanga Technical University is far from the city center, recent infrastructure developments in and around Sumbrungu has populated the area and has attracted several educational and recreational facilities in the area including the Akayet Hotel, the Millar Open University, and the Desert Pastures International School.

Bolgatanga has experienced new urban developments over the years, however, much of this development has been characterized by in-fill developments into the existing rural settlements. The growth trajectories of the city are markedly different from expansion patterns witnessed in other major towns in the northern Ghana like Tamale, Bawku, Wa and Yendi, where developments spread from the autochthonous inner cities toward the immediate hinterlands. It also appears that the city has not experienced as much influence from the pressure of non-natives coming into the area as compared to the other cities in northern Ghana. Unlike some other regional capitals located in the north of Ghana such as Tamale and Wa (see Kuusaana and Eledi, 2014, 2015a,b), where traditional settlements in the area appear to be compact and more distinct, typical villages in Bolgatanga have no distinct communal boundaries. They basically consist of scattered compounds widely interspersed over the vast landscape of the city. These growth patterns are depicted in Figure 3. Food production systems within the Bolgatanga growth pattern as elucidated above as well as the cropping seasons of the area are considered in the discussion section.


[image: Figure 3]
FIGURE 3. Aerial view of Bolgatanga showing different levels of compactness of the city. (A) Scattered local compounds o the fringes of the city. (B) An old government residential area for civil servants. (C) An old residential area in the city center. (D) New residential development as in the midst of scattered rural dwellings. Source: Authors.





METHODOLOGY—MATERIALS AND METHODS


Qualitative Study Approach—Case Study, Interviews, and Descriptive Narratives

The study was conducted using the Bolgatanga Municipality (Upper East Region, Ghana) as a case study. Both explorative and descriptive narrative research approaches were used to address the research objectives. Qualitative data were collected through key stakeholder interviews at the Municipal level in two different periods. Initial fieldwork was undertaken from June 2013 to August 2013 and followed up with a second study from April 2017 to September 2017. Separate interviews were conducted with the Upper East regional and Bolgatanga Municipal planners, and the officers of the building inspectorate. The regional and municipal directors of the Ministry of Food and Agriculture (MoFA) were also interviewed. In addition, officials of the Public and Vested Land Management Division (PVMLD) and the Survey and Mapping Divisions (SMD) of the Lands Commission were interviewed. To understand how peri-urban peasant households continue to sustain agricultural land uses in residential areas, 40 household heads were surveyed. Some development plans (local plans) of the Bolgatanga Township were also studied as part of efforts to understand the spatial expansion dynamics using GIS mapping of the area. To vividly communicate some of the research findings, infographics were used. The summary of respondents for this study is put in Table 1.


Table 1. List of respondents for the study.
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Spatial Analyses Approach—Geographic Information Systems (GIS)

To understand the spatial dynamics and how agriculture has filtered through the spatial development trajectories, it was essential to carry out spatial temporal analysis. To obtain data for the GIS analyses, field data of the study areas were collected during various field visits to the study area. During these visits, a Garmin handheld GPS of accuracy between 0.3 and 3 m was used to record the GPS coordinates of the different Land Cover Land Use (LCLU) of the area. The dominant LCLU identified for the area are cultivated savannah, built area, closed trees, water, and bare land. Table 2 shows the description of the different LCLU identified in the area. With this familiarity of the study area, Google Earth was further used to generate more LCLU of the area. The timeline tool in Google Earth helped to display previous images taken between 1986 and 2017. In all, 110 points were obtained.


Table 2. Land cover classification.

[image: Table 2]

Landsat satellite images covering the study area were downloaded from the USGS website Global Visualization Viewer (http://glovis.usgs.gov/). All the images selected were acquired during the dry season with no clouds or less than 10% of clouds cover. Dry season images were used because they had no or less cloud cover compared to wet season images. However, it must be mentioned that the use of dry season images may lead to a misclassification between bare lands and farmlands as their spectral reflectance may look similar. Farmland delineation was undertaken by relying on visible characteristics of farming as defined by farm boundaries, crop residues and plowing/weeding activities. The characteristics of the images selected are shown in the Table 2. The Landsat 8 image was pre-processed by converting the raw DN values into radiance and from radiance to top-of-atmosphere reflectance using the relations:

[image: image]

The bands were then stacked, mosaicked, and clipped to the boundary of the Nasia watershed to obtain a complete coverage of the study area. The Landsat 7 ETM image was pre-processed using the Landsat 7 reflectance tool in Erdas Imagine. This converted the DN values of the image into reflectance. Using the haze reduction tool in Erdas Imagine we did atmospheric correction of the TM images. The images were then clipped to the boundary of the study area. The images were then clipped to the boundary of urban Bolgatanga, the study area. The boundary of urban Bolgatanga was obtained from the Bolgatanga Municipal Physical Planning Unit. The image classification was done using supervised image classification approach. To perform the supervised classification, the selected ground points were superimposed on the specific image. An Area of Interest (AOI) of 3 × 3-image pixel was then extracted to represent the LCLU at that point. For each LCLU, a minimum of 10 3 × 3-image samples was selected. A signature file was then created in ESRI ArcGIS. The MLC was then used with a parallelepiped decision rule to classify the images. Urban was determined by the human settlement with the high population (estimated population of 156,678 in 2018) and corresponding infrastructure (increase in the built-up area). Though with a low density as compared to other region capitals of Ghana, the population density of the Bolgatanga Township keeps increasing over the years. The peri-urban area was estimated at 15 km radius from the city center and considered communities that had a mix of both rural and urban characteristics with a direct functional interlinkage with the Bolgatanga Township. These GIS images will be used to show the growth patterns and extend of urban Bolgatanga. The characteristics of the images selected are indicated in Table 3.


Table 3. The characteristics of the images selected.
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RESULTS AND DISCUSSIONS

This section has been structured into 5 subsections in line with the study's focus to understand the sustainability dynamics of urban agriculture in the wake of rapid urban expansions and population growth trajectories in the Bolgatanga Township. Section Situating the Local Level Land Tenure at the Intersection of Urban Development of the paper discusses the changing land tenure system from customary to private ownership under urban change within the context of Bolgatanga. Food production systems within the Bolgatanga growth pattern as elucidated in section Trends and Extent of Peri-Urbanization as well as the cropping seasons of the area are considered in section Characteristics of the food System in the Bolgatanga Township. Section Implications of Urbanization on Agricultural Households: Employment, Income, and Land Access of the paper focuses on the trends and extent of peri-urbanization in the Bolgatanga from the year 2000 to 2018, while Section Phases of Agricultural Land Use Change in Bolgatanga Township looks at the phases of agricultural land use change in Bolgatanga.


Situating the Local Level Land Tenure at the Intersection of Urban Development

The customary land tenure system in the Bolgatanga Township invariably impacts on the urban development dynamics of the city. For instance, the parceling of land for urban uses, particularly those lands which emanate from the patriarchal inheritance practices, provides the entry point for urban development of the area. At the community level, land is owned by families, and this is passed on across generations as contiguous parcels or splintered parcels for nuclear family or even individual uses. The splintering of land into smaller parcels leads to land fragmentation, as the small parcels ends up unsuitable for agriculture and local planning (parcel by parcel planning) (Tonah, 2005). In previous research findings, Agana (2012) revealed that, customarily, land could be accessed, acquired, and owned among the Frafra communities by first settlement and by gift or grant from the landowning family. Land could also, however, be battered for cattle or pledged for cattle used for marriage dowry on promise by the pledgor to replace the cattle and redeem the land in future. However, due to urbanization and high population growth there is an existing commercialized exchange system, characterized by both informal and formalized land transaction, and this has promoted sale of land. Sale of family lands are meant to enable impoverished landowning families or individuals to raise money for critical social needs including funerals, sickness, travel expenses, educational supports, traditional marriage requirements, festivals and to support other essential livelihoods. In addition, chiefs and families are gradually interpreting common land as private ownership, which facilitates the selling of land for housing.

In addition, the public investment in improving road infrastructure for example, has significantly influenced peri-urban land marketisation. For instance, a household head explained,

“improvement in accessibility through road construction has caused land values to appreciate making land a ‘black gold’ in the peri-urban communities” (Interview, male household head, Bolgatanga, 2017).

The Municipal Physical Planner also indicated that,

“the main factors causing land use change in peri-urban areas are high demand for land by the increasing population from the city center, and to dispose lands for monetary gains by landowners” (Interview with Municipal Physical Planner, Bolgatanga, 2017).

The Municipal agriculture officer also noted that,

“there has been a decrease in the average farm sizes between 2000 and 2010 from 3 to 0.36 ha under small-scale farming and 11 to 8 ha under large scale farming with residential land developments fast consuming agricultural lands, respectively” (Interview with Municipal Agriculture Officer, Bolgatanga, 2017).

These concerns represent the motivations, drivers and complications that may emanate from the operationalisation of urban plans and policies within cities in Ghana due to the dominance of customary tenure and multiple interests at both the community and family levels. Agricultural lands are mostly affected by rapid urban growth and its functional demands, such as land uses for residential, industrial, and commercial tend to dominate agricultural lands in the bid for space in the urban setup (Owusu and Lawrence, 2010). Naab et al. (2013) argue that a major problem of rapid urban growth is changing land-use patterns which affects agricultural land use, land sizes and crop yield. According to Appiah et al. (2014) the decision to convert land from agricultural uses to residential and commercial land uses are driven by both social and economic factors (see Kasanga et al., 1996; Kidido and Bugri, 2020; Kidido, 2021). Kuusaana and Eledi (2015a) opined that, efforts of governments to make cities self-sustaining in terms of producing their food locally will remain a mirage if there is no productive land available. Lyons et al. (2013) have also noted that, contemporary planning approaches are constrained by several factors including social, political, ecological, and economic boundaries that reduce options for growing food within the urban space. These factors appear to resonate in other jurisdictions as seen in our results in the Bolgatanga with the dissipation of urban agricultural land (see Akaateba, 2019; Akaateba et al., 2021).



Trends and Extent of Peri-Urbanization

This section of the paper focuses on the trends and extent of peri-urbanization in the Bolgatanga Township from the year 2000 to 2018. The population for Bolgatanga leapfrogged from 77,768 people in the year 2000 to 156,678 in 2018. This growth represents twice increase compared to the population figure recorded in 2000. The annual population growth rate was 5.64%. The implication of rapid population increase has a direct link to rapid expansion of residential land uses in these peri-urban settlements. The growing population of the Bolgatanga Township has spilt over surrounding areas, which constitute what can be called the peri-urban Bolgatanga. These areas, which include Tindomoligo, Yikene, Yarigabisi, and Tindonsobligo among others, offer cheaper land for housing development for the increasing urban population and for other complementary urban activity as well. The rapid urban growth is attributed to natural population growth and migration from rural areas due to poverty and land conflicts (Ampofo et al., 2015). The Bolgatanga Muncipality has experienced a rapid urban land expansion over the past 30 years; it increased by 6 times; from 499.49 hectares in 1984 to 1525.14 hectares in 2016 with an annual growth rate of 6.4%.

The field survey revealed that the pace of urban expansion in the Bolgatanga Muncipality between 1984 and 2002 was 2.8% per annum as against 8.6% per annum for the year 2002 to the year 2016. While the built up area in 1984 spanned to only 2 km from the city center, by 2016 the growth of the city had reached about 12 km. Clearly, the last two decades witnessed a drastic expansion of the Municipality. This is attributable to key developmental activities such as the redevelopment of the township and the upgrading of the city core after 2002. The expansion trajectory of the Bolgatanga Township is further explained by the establishment some critical social and commercial facilities which has served as growth poles and pull forces of development in the last two decades. For instance, there is a general concensus among the studied urban households that the establishment of Millar Institute for Transdisciplinary and Development Studies (now known as the Millar Open University, Bolgatanga Technical University, Bolgatanga and Zuarungu Nursing Training Colleges, Zuarungu Meat Factory, Bolgatanga Rice Mill and many of such establishments have triggered the expansion of the social, economic, and educational sector with intense effect on the spatial transformations of the town.

The analysis of the 1984–2016 data indicated that there is an inverse relationship between built up area and farmland. Whiles the share of urban farmlands was decreased from 1299.60 hectares to 115.07 hectares, built up area was on an increase from 455.07 hectares to 1,525 hectares. From Figure 4, the period between 2002 and 2016 recorded the highest spatial expansion with built up (proportion of urban share) of the study area increased from 682.92 (30%) to 1525.14 hectares (70%), almost triple, while the extent of farmland decreased drastically from 652.05 hectares (85%) to 115.07 hectares (15%). The spatial analysis implies that about 567.85 hectares of peri-urban land initially previously used for agriculture and related activities were built-up between 2002 and 2016. The spatial expansion between 2002 and 2016 was attributed to the infrastructural development that occurred within that same period. Also housing development was more of infilling, completion of abandoned and uncompleted projects as well as redevelopment of old structures (especially at the inner cities) among others largely influenced the growth and expansion of Bolgatanga. This result corroborates the view that most cities in developing countries are characterized by unconsolidated lateral physical expansion and sprawl (Webster and Muller, 2002; Kombe, 2005; Cobbinah and Amoako, 2012). This is plausibly because of the increased urban share of the population in Bolgatanga from 32,495 in 1984 to 65,549 in 2010 (Ghana Statistical Service, 2014b). The Municipality recorded the largest growth in urban population in the region as of 2014. The expansion of the urban frontprint also increases rural spatial demand to accommodate the growing population and economic activities.


[image: Figure 4]
FIGURE 4. (A–C) GIS maps showing urban development dynamics and loss of vegetation in Bolgatanga township.


Further spatial analysis (as shown in Table 4) indicates that bare land which comprised of all vacant spaces, sands, rocky areas, cleared lands occupied 3,550.32 hectares in 1984. However, this subsequently decreased to 2,978.54 hectares in 2016 due to the supply of land for housing construction. Water bodies also increased from 32 hectares in 1984 to 52 hectares in 2016 comprising rivers and dams in the area. The increase is as a result of construction of new dams and expansion of existing dams such as the Vea dam and Gambibgo-Azuabisi dam expansion projects by the Government of Ghana. The rural water supply system consists of boreholes, hand-dug wells and other natural water sources such as rivers, dams, ponds and dugouts. The water supply system in the Municipality can be classified into rural and urban, based on the location of the facilities and the technology of delivery. The results also show that the farmland and canopy trees decreased over the years from 1,299.60 hectares to 115.07 hectares, 791.1 hectares to 259.65 hectares, respectively between 1984 and 2016 as a result of the increased conversion of farmland to housing and also due to the felling of trees for charcoal burning and farming.


Table 4. Changes in the land size for the different uses in the study areas.
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With urbanization expansions occasioned by population growth, naturally, agricultural land was severely impacted as depicted in Table 4. The reduction in farmland sizes also presents some unintended consequences and implications on households within these frontiers. According to Steinhübel and von Cramon-Taubadel (2021) the diminishing prospect of urban agriculture reallocates labor to non-agrarian urban economies. These implications are largely manifested in the form of food supply challenges, land access, income, and livelihoods of people. These are discussed in the next section.



Characteristics of the Food System in the Bolgatanga Township

Across the households studied, the major food crops, maize, rice, millet, sorghum, groundnuts, cassava, and cowpea make up the main staple foods of the people in Bolgatanga. Farmers in the rural and peri-urban areas mainly produce food for subsistence and income. After harvesting, farmers put aside some of the foodstuff for the family subsistence while the rest is sold in the market. Farmers may sell farm produce in bulk or bits as and when the need arises to meet pressing expenses at the family or individual level. Rural farm produce is, however, distributed differently through organized transport systems or through private means to market centers. Urban consumers purchase their food from the local markets. In the urban centers, different neighborhoods have different localized market centers, where they access food supply on daily or weekly bases. Such a market center exits in the Bolgatanga Township and runs every 3 days.

The cropping period is vastly dependent on the rainfall pattern and the crop under cultivation (see in Figure 5). Hence, the cropping calendar may vary slightly from year to year depending on when the rains commence. Land preparations usually commence after the first rains which is mostly around April. As such, when the rains delay, it tends to cause a delay in the preparation of the fields for planting and consequently, delays the entire cropping season. Farming in terms of crop production in the area like the rest of Ghana, is primarily seasonal rainfed. The earlier part of the dry season is used for processing and storage of the farm produce. Some farmers also engage in irrigation-based vegetable production in the dry season around their homes and in designated irrigated valleys across the city. In the Upper East Region irrigated tomatoes farming thrives during the dry season. In the rural areas, farmers farm around their compound where there is hardly a distinction between the compound and farms because farmlands extend from the very edge of the compound. However, urban, and peri-urban farmlands are dynamic with varying phases of the landscape as the seasons and the development priorities change. The settlements themselves, however, remain largely static. Some of these characteristics are displayed in Figures 6, 7.


[image: Figure 5]
FIGURE 5. Cropping calendar for major food crops in the wet season in the study area. Source: Author's illustration with information from Agricultural Extension Handbook (2006).



[image: Figure 6]
FIGURE 6. A typical compound farm in Yikene in Bolgatanga Source: Field Survey, 2013.



[image: Figure 7]
FIGURE 7. Land use change in peri-urban Yikene in Bolgatanga Source: Field Survey, 2017.




Implications of Urbanization on Agricultural Households: Employment, Income, and Land Access

Peri-urbanization is said to be double-edged sword because urban expansion is documented to present both limitations and opportunities to people living in the urban periphery (Aberra and King, 2005). In terms of opportunities urban areas provide many potentials for improving living conditions through economies of scale and proximity they provide for most forms of infrastructure and services (Satterthwaite et al., 2010). Improvement in urban-based employment and social amenities such as access to healthcare, improvement in access to quality education, and regular supply of potable water are also critical opportunities available to peri-urban households (see Mandere et al., 2010; Vermeiren et al., 2013). It was revealed through this study that the outward expansion of Bolgatanga has created multiple livelihood opportunities in the communities such as, construction work, welding, NGO's, electricians, craftsmanship and trading business because of their proximity to the city. Even though these new livelihood opportunities are peculiar to the urban populace, it creates agricultural labor shortages in the peri-urban fringes (see Hussain and Hanisch, 2014). The study further found that the proportion of men in these jobs were significantly higher than the females, especially in the construction industry (see Brook and Dávila, 2000; Tacoli and Satterthwaite, 2013).

It is argued that the process of peri-urbanization is characterized by changing local economic and employment structures, from agriculture to manufacturing (Bah et al., 2003; Narain and Nischal, 2007; Hudala et al., 2008; Mandere et al., 2010). Nevertheless, observation from the Bolgatanga Township reveals that the process of peri-urbanism is not characterized by growing industrialization. An elder in Yarigabisi commenting on the effects of peri-urbanization on their income noted as follows:

“My son I hardly find money these days due to loss of farmlands, and I lack employable skills and requisite qualifications for available jobs in my community. Since I lost my farmland, my financial situation has worsened than before. My income has decreased significantly, I cannot afford three square meals in a day less to talk of accessing health care. When we fall sick, we pray to God to heal us” (Interview, Elder, Yarigabis-Bolgatanga, 2017).

The cost of land acquisition is one of the main factors that determine the accessibility to land for agricultural purpose (Pavel et al., 2012). Peri-urbanization is accompanied by certain changes in agricultural practices as farm sizes reduce in the peri-urban areas. Farmers have adopted all forms of strategies to survive. During the field survey, respondents indicated that agricultural practices have undergone changes over the last decade in response to peri-urbanization. For instance, labor shortages have compelled urban farmers to choose less labor-intensive farming methods (see Nguyen and Kim, 2019) or concentrate on only high yielding or high value crops (see Hussain and Hanisch, 2014). Most farmers have shifted from the traditional extensive agriculture toward intensive agricultural practices where crops with shorter gestation period as well as high valued crops either as a survival strategy or accumulation strategy (Tacoli, 2004; Mandere et al., 2010; Thuo, 2010).

Peri-urbanization usually leads to declining landholdings at the household level, which possibly diminishes the economic significance of agriculture in the cities (Kuusaana and Eledi, 2015a; Haller, 2017; Pribadi et al., 2017). The negative effects of peri-urbanization are manifested in the greater loss of agricultural land and the growing integration into the urban monetised economy. Urban intrusion displaces traditional livelihoods in the urban and peri-urban areas (see Babo, 2010). This point is buttressed by Dávila (2002) that majority of the peri-urban poor who depend heavily on natural resources are worse affected by urban expansion. There is a gradual shift from full time farming to part farming or abandonment of farming (Lerner and Appendini, 2011; Mosha, 2015). Abandonment of farming is, however, widespread because of its informality, low level technological adaptation and its association with economically poor households (see Feola et al., 2020). How the overall urban expansion morphology mutates existing agrarian landholdings and agricultural structure of the local inhabitants is further elaborated in section 5.5.



Phases of Agricultural Land Use Change in Bolgatanga Township

Growing population and urban expansion goes with no concomitant growth in land supply because land is fixed in supply and does not in any way grow with increasing population growth (Ampofo et al., 2015). The pressure exerted by increasing population and rapid urban sprawl dispossess other sectors such as agriculture (Edusah, 2008). The analysis of the different levels of compactness in the urban built up area, in relation to the practice of urban agriculture (see Figure 8) reveals different phases of food production capacities in the Bolgatanga Municipal area. In the peri-urban interface, urban growth is driven by individual developments. Thus, the level of compactness in these areas increases gradually over several years, with most people developing their houses in piecemeal fashion (Adade et al., 2021). Farmers in these areas therefore lose their farms gradually, with infilling as individuals develop their separate parcels of land. The loss of production capacity therefore takes place gradually. Figure 8 illustrates these dynamics in the form of an infograph.


[image: Figure 8]
FIGURE 8. Changing phases of rural agricultural landscape into urban built-up land. Source: Authors Illustration, 2021.


The process of peri-urbanization poses serious threats to urban and peri-urban farmers because of the scarcity of agricultural land. The peri-urban interface in most cases is the agricultural hub of the urbanites and supplies its food requirements (Atu et al., 2013). At the plight of losing their farmlands to urbanization and urban growth, peri-urban and urban farmers have had to find adaptive measures to survive. Urban area growth does not wipe out the indigenous rural settlements that become urbanized. Hence, under the same circumstances, farmers lose their farms and not their homes through a slow land use conversion process. The scenario described supra is illustrated in Figure 9. Although farm sizes in the peri-urban interface are typically small as compared to rural farms in the hinterlands, they are generally bigger than the sizes of an average plots of land as defined in many local plans in Ghana. The situation therefore arises where a parcel of land which was previously cultivated by one farmer is subdivided into plots and allocated to several different residential developers. The decisions of these developers to develop their parcels piecemeal means that the farm sizes gradually decreases until the farmer is compelled to relocate to the periphery or abandon farming. In the end, however, relocation of the farmlands is a sure option for many urban farmers due to diminishing farm sizes and poor accessibility to water resource (see Foeken and Owuor, 2008; Taiwo, 2014). Hence, the sustainability of urban agriculture is constructed on the farmers' abilities to identify alternative farmlands either in the immediate residential neighborhoods or in distant peripheries.


[image: Figure 9]
FIGURE 9. Gradual disappearance of rural farmlands in the peri-urban interface. Source: Authors Illustrations, 2021.





CONCLUSION AND RECOMMENDATION

Urban food supply remains critical for the functioning of the urban populace. Understanding the characterization of urban areas and how they sustain urban food production is relevant. The conversion of urban agricultural land to residential uses has multiple impacts on the urban food system and the sustainability of urban agriculture. These land use changes have led to rapid transformations and [re]structuring of agricultural production, spatial dynamics, social-economic [f]actors, land ownership and land markets. Encroachment on urban and peri-urban agricultural lands leads to changes in the customary processes and procedures of land tenure as land becomes commoditized rather than a communal property. The changes manifest in the emergence of formal and informal land transaction activities that have emerged as the local economy shifts from a batter economy to a monetised one through socio-economic induced land transactions. This is because of the disconnection and low-level participation of the planning authorities on one hand, and the customary landowners on the hand. The development of Bolgatanga is anchored on the morphology of the major road network in the city center. However, there is variation in level of compactness: higher housing density in the older inner-city settlements, and lower density in the government residential and peri-urban areas due to regulations and piecemeal development of residential housing. Notwithstanding rapid urbanization, local peasant farmers are still able to secure small patches of farmlands within the city to engage informally in agriculture with insecure tenure. Of critical notice is the fact that the rapid urban expansion into the peri-urban communities has created multiple livelihood opportunities in the communities even though these are skewedly male dominated.

In Bolgatanga, food production capacities are being shifted from one locality to another in the face of increasing urban growth. There is a deepening agro-ecological impact of urban expansion on urban food production and the supply of ecosystem goods and services within the urban core and peripheries. This is set to exacerbate in the coming decades due to increasing urban population. Since securing safe and sufficient food for the urban population is critical to sustainable development, this study recommends that, food-inclusive planning schemes are fundamental in future physical plans to guide land uses. These planning schemes can be developed and sustained through multiple sectoral/stakeholder planning processes. Key stakeholders including the traditional authorities, farmers, planning authorities and youth groups should see these food-inclusive planning schemes as a shared responsibility in ensuring strict adherence and implementation. This process can then be supported by the respective planning authorities through regulation and monitoring.
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