

  land-11-01713




land-11-01713







Land 2022, 11(10), 1713; doi:10.3390/land11101713




Article



Unlocking Land for Urban Agriculture: Lessons from Marginalised Areas in Johannesburg, South Africa



Doctor S. Nkosi, Thembani Moyo *[image: Orcid] and Innocent Musonda[image: Orcid]





Centre of Applied Research and Innovation in the Built Environment (CARINBE), Faculty of Engineering and the Built Environment, University of Johannesburg, Johannesburg 2092, South Africa









*



Correspondence: tmoyo@uj.ac.za







Academic Editors: Debora Anelli, Francesco Tajani and Marco Locurcio



Received: 25 August 2022 / Accepted: 28 September 2022 / Published: 2 October 2022



Abstract

:

Amidst the global discourse on the identification of strategic land, there has been a growth in planning support systems aimed at assisting policymakers in unlocking the value of strategic land. Despite planning support systems’ immense benefit of aiding planning, there are limited planning support tools to aid communities in marginalised areas to unlock the value of land. Therefore, this study adopts a GIS-based approach to develop a planning support system to identify, quantify and visualise an index for urban agricultural land in a marginalised area. The proposed solution utilised Greater Orange farm, a marginalised area in the City of Johannesburg, as a case study to inform spatial planning for emerging economies. Using the Charrette visioning process, indigenous knowledge systems were incorporated in formulating the criteria, weights, and rulesets. The results reveal spatial sites ranked through an index where sustainable investment in urban agriculture infrastructure should be targeted. The developed index identifies suitable locations for urban agriculture infrastructure and supporting programs. Furthermore, the solution builds from the existing reservoir of PSS in Southern Africa by demonstrating the potential for planning support systems as sustainable data-based decision-making tools to inform spatial planning. Lessons emerging from this study are that there is an inseparable existential connection between indigenous knowledge systems and contemporary sustainability planning, which is critical for ensuring sustainable development.
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1. Introduction


Amidst the global discourse on the identification of strategic land, there has been a growth in planning support systems (PSS) aimed at assisting policymakers in unlocking the value of strategic land. Scholars have outlined that the key to unlocking the full value of strategically located land depends on collaborative efforts from key stakeholders [1,2]. Rittenbruch et al. [3] have also noted that PSSs have filled the void in bridging efforts of manipulating and interpreting spatial datasets, and computer-based simulation models for planning rehearsals aid in saving money, reduce delays, and allow for data-based decision making. Scholars have outlined how PSSs seek to address the contemporary challenges of planning through the provision of data-driven decision support and a feedback system that promotes immersed collaboration that is focused on leveraging geospatial analytics [4,5,6].



However, the employment of a PSS is still not very common, especially in developing countries such as South Africa [7,8]. Due to this limitation in the use of planning support systems, there still exists a knowledge gap on how to unlock strategic land [5,9]. To address such challenges, scholars have advocated the use of emerging technologies such as geographic information systems (GIS) to build capacity and address spatial challenges [4,5]. In the journey to build capacity in developing countries, several planning support systems (PSS) have emerged to assist government officials [5,8]. PSSs pose a valuable solution to addressing spatial challenges that marginalized communities face. Scholars have outlined how GIS-based PSS can be utilised to identify well-located land to inform emerging economies, such as urban agriculture in marginalized areas [10,11]. Emerging economies relate to new economic sectors that diversify economies in marginalized areas.



One such emerging economy is urban agriculture [12]. According to Nino et al. [12], urban agriculture is designed as a practice of farming for domestic or community-scaled food-growing practices. The practice is either for consumption or selling. Washbourne et al. [13] have also outlined that only 6% of Gauteng residents participated in urban agriculture. The majority of those households participated in providing additional food for the household. Nino et al. [12] attributed the low participation in urban agriculture activities to several factors. Notable factors include the lack of adequate access to land for farming; poor access to the market because of limited, inconsistent supply of the produce; and limited accessibility to agricultural infrastructure and water sources, particularly in areas where land is available [9,12,14].



This study, therefore, seeks to unpack the contribution of planning support systems as a critical tool to improve urban agriculture in marginalized areas. This is achieved through initially assessing the contribution of the planning support system in unlocking the strategic land and then developing a criteria ruleset. The remainder of the paper is organized as follows: Section 2 describes the literature related to the study. Section 3 introduces the study area and describes the methodology of criteria identification and the ruleset that informed the analysis. Section 4 presents the results and discussion, while Section 5 presents the lessons learned. Lastly, the conclusion and outline of possible further studies are presented in Section 6.




2. Related Work


2.1. Planning for Marginalised Areas


In developing countries, the debate on sustainable approaches for economic recovery approaches post the COVID-19 pandemic continues unabated. Scholars have outlined that research should inform planning and assist policy and legislative instruments to respond to the call for spatial transformation and integration [15,16]. The United Nations have also outlined the need to focus on human development pillars as part of efforts to improve the quality of life of communities [17,18]. Given this call, there has been a growth in efforts to address challenges faced by previously disadvantaged communities [19]. Previously disadvantaged communities have historically been located far from opportunities. The problem is prevalent in developing countries that suffer from a limited reservoir of tools to assist efforts to address spatial and economic challenges that previously disadvantaged communities face. Consequently, previously disadvantaged communities have been forced to reside in marginalised areas.



Marginalised areas can be described as locations at the periphery of the economic centre and where the residents are socially, economically, and environmentally marginalised [8,9]. Several policies have been introduced in South Africa to address spatial and economic reform. However, due to weak implementation mechanisms, there have been few success stories [20]. A nodal review for the City of Johannesburg outlined the need to address the inequities and disadvantages intrinsic to living in marginalised areas [21,22]. To build on such efforts, several scholars have outlined to achieve this political mandate, strategic planning approaches need to ensure sustainable development in marginalised areas [23,24].



Assessments of marginalized areas in cities such as Johannesburg reveal emerging economic activities that have the potential to modernize the township economy [25,26]. One such notable emerging practice is urban agriculture [27]. Literature has revealed that the practice of urban agriculture has the potential to solve challenges of food security and is also a viable emerging enterprise [8,10]. Likewise, Ferreira et al. [12] have articulated the risks associated with the lack of planning for food security. Given that marginalized areas are at the periphery of economic centres, the need for food security becomes vital [12]. In developing countries, there has been a call for more efforts to address the negative socio-economic effects of the Coronavirus disease pandemic, which drastically affected the quality of life of many communities [28]. Local communities in townships have turned to emerging enterprises such as urban agriculture for food security and to secure a source of income. In urban areas, agricultural activities are ruled by competition and short-term efficiency [29]. Scholars such as Joshua Zeunert and Robert Freestone [30] have mapped the spatial trends of agricultural land planning using geographic information systems for the Sydney Metropolitan in Australia. The tool developed was used to inform strategies to address displaced communities that rely on urban agriculture.



As stated by Bouroche et al. [31], spatial planning tools should address multi-objective optimisation and coordination of historical, current, and predicted spatial data. Scholars in resource management have articulated the importance of indigenous knowledge as the basis for sustainable practices. Mao et al. [32] utilised multiscale geospatial analysis to map spatio-temporal patterns of wetlands and farmlands in China. The findings reveal the potential of GIS-based systems for developing place-based environmental conservation and land management policies. In comparison, Clinton et al. [33] accessed the incorporation of Geospatial ecosystem services estimation for urban agriculture. The study reveals potentially large incentives to incorporate agricultural ecosystems within existing and planned urban areas. This is unpacked through the visualisation of the food–energy–water nexus.



Scholars have referred to indigenous knowledge as a system due to its holistic nature that responds to human interaction with the environment. This is evident in how indigenous knowledge systems (IKS) have sustained indigenous communities for decades as it has been generationally inherited through culture and custom practices [34]. Moreover, IKS is based on practice, and used by local communities to predict situations using site-specific solutions [35,36].



Malapane et al. [14] have also outlined the importance of IKS in the identification of strategic land. As this would ensure efforts of economic recovery in marginalised areas are championed by a vital reservoir of indigenous knowledge. A review of literature on the adoption of IKS in urban areas reverberates the critical role of traditional knowledge systems. Kuyu et al. [37] have also documented the importance of IKS in securing food security, economic growth, and sustainable development.



Notwithstanding the great potential of IKS as a land management strategy, there are challenges associated with its adoption, particularly in urban areas. The challenges are due to the complexities and uncertainties found in urban areas. Son et al. [35] warned that the implementation of IKS requires careful craft to minimise conflicts between several cultures or traditional practices. In such urban environments, there is a need for a collaborative platform that blends various IKSs into a reservoir of knowledge to inform spatial planning. This would lead to the mitigation of risks associated with the lack of planning or the use of inappropriate planning tools [5] and would consequently build on existing efforts to address managing land systems with limited resources [5].




2.2. Planning Support Systems


Studies examining the spatial relationship between IKS and land management are growing [14,35]. Most scholars agree that unlocking the value of land depends on the availability of data management tools to support IKS [14,35]. Local communities, particularly natural-resource-dependent communities, are integral in developing spatial planning tools. The literature reveals a growth in spatial planning tools, namely, planning support systems (PSS), that incorporate IKSs to inform spatial planning. Te Brömmelstroet [38] describes PSS as a collection of computer-based tools that seek to aid planners to achieve various tasks. Accordingly, PSSs can also be understood as a family of planning tools that aim to enhance collaborative planning by focusing on building strategic planning capacity [5,39]. As such contemporary PSSs have emerged as tools for both data processing and collaboration support to address spatial complexities. Similar to emerging digital transformation tools such as Building Information Modelling and the Digital twin, PSSs enable users to gather, manipulate, assess, and store data more efficiently, which has enabled planners to address spatial complexities [38,40,41]. Furthermore, such tools can be used to engage communities from diverse backgrounds in science and environmental planning.



Quan et al. [42] utilized a low-energy urban agriculture system in Atlanta that was based on urban design principles. The developed PSS was used to visualise urban data as informational layers. The findings reveal the potential of PSS for performance analyses for measuring energy and food flows. Deal et al. [43] presented a Web-based portal dynamic-spatial model which sought to evaluate a beneficiaries-based ecosystem in McHenry County, Illinois, United States. The study revealed improvement in community acceptance of PSSs and that the tool should be accessible and provide a direct comparative analysis of different policy or investment scenarios.



Rittenbruch et al. [3] have also noted that PSSs have filled the void in bridging efforts of manipulating and interpreting spatial datasets, and computer-based simulation models for planning rehearsals aid in saving money, reduce delays, and allow for data-based decision making. Compared to other planning systems, PSSs aim to address the challenges of planning through the provision of decision support and a feedback system that promotes immersed collaboration focused on leveraging geospatial analytics whilst also encompassing the entire planning process [4,5,6].



Recently, there has been a lot of debate arising with regard to the direction in which PSSs should develop. Essentially, the argument is that PSSs have become dependent on big data [44], which smaller municipalities do not have access to, as they lack the computer technologies to process this information. Table 1 outlines emerging PSSs in Southern Africa. Such PSSs seek to address seemingly conflicting goals of achieving a balance between complexity and simplicity.



Globally, PSSs have significantly been applied in a number of studies to evaluate communities that have resource-constrained environments (see Table 1). It is because of these benefits that PSSs are now widely being adopted to address spatial challenges. However, in developing counties, there is still a dearth of available tools that can be used to identify strategically located land. The need for a solution is more evident in marginalized areas as these locations have been historically disadvantaged. Such a solution should be developed through a collaborative process with local communities to ensure sustainability, spatial transformation, and community acceptance of the tool.



Although gaining some traction, the use of PSSs to inform urban agricultural activities is still poorly understood, particularly in Southern Africa. The emergence of the digital transformation debate within the built environment reveals the void in planning approaches. This calls for the development of PSSs to aid city authorities in making spatial decisions. Given the limitations for digital transformation within the built environment, it is in this context that there has been a growth in research on PSSs to support urban agricultural activities. As such, PSSs can be used by communities to understand the dynamics of their land to inform strategies to add value to the land [3]. Given the limited PSSs in Southern Africa, there is a need to improve coordination between PSS adopters and PSS implementers and to achieve a balance between control and creativity in order to improve PSS applicability.





3. Materials and Methods


This section provides the road map for spatial analysis to identify strategically located land for improving the quality of life in Greater Orange Farm (GOF). The collaborative approach is a GIS-MCDM tool that seeks to build capacity in local communities to meet SDG 2—Zero hunger—and SDG 11—Sustainable Cities and Communities [49]. The proposed solution builds on previous tools developed [1,5,49].



3.1. Study Area


The focus of the paper is Greater Orange Farm (GOF), which is situated approximately 43 km south of Johannesburg Central Business District (Figure 1). The site covers a surface area of approximately 29 km2. GOF is characterized as one of the biggest and most populous settlements in the city of Johannesburg. As the site is located on the southern boundary of the City of Johannesburg, this has led to the site being marginalised in terms of access to economic opportunities, social amenities, and infrastructure. Due to an increase in the population, there has been a rapid increase in informal settlement development, and this has negatively impacted the existing infrastructure as well as increased the isolation of the community from the necessary socio-economic opportunities.




3.2. Criteria Identification and Assigning Weights


Any efforts to identify and clarify the importance of criteria to inform spatial targeting would need to include the IKS, that is, the ideas and opinions of experts and the local community [14]. Local Urban Agricultural Forum members and SMMEs Forum members were invited to focus group discussions. Each discussion session lasted between 120 and 160 min. The sessions were held at the local community hall. The discussions were moderated to solicit full and active participation of all members. This allowed all attendees to fully express their views and prevented the more talkative ones from dominating the discussions. It emerged that the participants openly and eagerly expressed their knowledge and experiences in urban agriculture and found the inclusion of IKS in the index development as reviving and interesting. Where necessary, guided tours to observe sites of interest in GOF were also facilitated by forum representatives at the end of discussion sessions. Table 2 outlines the profile of the workshop participants. This process also was used to establish the overall vision for GOF.



Initially, a Charrette visioning process was conducted to assess the development opportunities and constraints that arise from the study area [50]. The following outlines the characteristics of GOF:




	
On the eastern side of the study area, mixed-land use, including social amenities and economic activities, is located within accessible and comfortable walking distance from the majority of residences.



	
Regional connectivity is possible via prominent road infrastructure, such as the N1/20, N1/19, R550, Golden Highway, and St. Patrick Road.



	
The community is made up of a mostly semi-skilled workforce.



	
The public realm is mostly in poor condition and needs to be upgraded and maintained.



	
The local economic base is weak, and unemployment is very high. This is also evident by the area displaying a strong linkage with Johannesburg for transportation, employment, and administrative structures.



	
The wetlands in the area are poorly maintained, and in some instances, there is an encroachment of informal housing on the wetlands.



	
High potential agricultural soil, which is polluted, and general poor management of biodiversity areas.








The analysis reveals critical elements that would need to be addressed to improve the economic opportunities in GOF and also contribute to the alleviation of the high levels of poverty and unemployment. During the discussions with the community forums, urban agriculture was identified as a critical emerging economy in GOF. However, due to a lack of planning tools, its practice in GOF was limited. A collaborative process was adopted in the development of the GIS-MCDA framework to unlock the value of land in GOF. Hence, a criterion to identify land for urban agriculture in GOF was developed. A criterion to inform how GOF can achieve urban development and capitalise on existing potentialities was then workshopped using literature on local economic development, smart cities, policies (national, regional, and local), and the needs of the community of GOF as a guide. The criteria were condensed to 10 (see Table 3) so as to reduce complexity and redundancy. Discussions during the Charrette visioning process also ensured the criteria were realistic, transparent, and smart. Consequently, the discussions ensured the criteria set the foundation for future planning in the area and carefully considered all the issues identified by the local community forums.



After delineation of the criteria, the next step was to evaluate the weighting of the criteria against other competing criteria. The community forums outlined the need to ensure tool to enhanced the economic value of GOF while also addressing sustainability issues. It was then recommended to utilize a Group Analytical Hierarchy Process (GAHP) to evaluate the criteria [39,40,51,52].




3.3. Delination of Criteria Rule Sets and Mapping


The delineation of the criteria rule sets was informed by literature and discussions during the workshop. The datasets were obtained from the City of Johannesburg and South African National Land Cover (SANLC). A common geodatabase was created to store the raw data and processed data that were accessible to all the participants. Consequently, the rule sets for each criterion were defined using Table 4.



The next step in identifying the most suitable land for urban agriculture in GOF was to express the rule sets as shown in Table 5 to inform the suitability index for urban agriculture in marginalised areas (as shown in Table 5).




3.4. Computing the Strategic Land Index


To generate the Strategical located land Index, the Geographic Information System operation to Weighted Linear Combination (Equation (1)) was used. The technique has the merit to derive composite spatial maps based on a predefined rule set. Equation (1) was then utilized to compute the land index:


   G i  =   ∑   i = 1  n   W  i j    a i   b i     c i     d i     e i   



(1)




where ruleset constraints are expressed as    a i   ,    b i  ,      c i   ,    d i   , and    e i   ;    W i    is the weight of each criterion calculated using the GAHP; and  n  is the number of ruleset criteria. The index was selected because it is risk averse [1]. The index was reclassified from 0 to 100, where 0 is not suitable and 100 is highly suitable [5]. Given the connectivity challenges in GOF, a GPS device was utilised during the field validation to document the characteristics of the land and assess the accuracy of the index.





4. Results and Discussion


This section provides the results of the strategic land analysis of GOF for urban agriculture. By focusing on GOF in its entirety, it becomes possible for city officials and residents to have a clearer picture of the potential of the land portions. This allows for a more integrated approach to development planning. The analysis of the land portions is performed with an appreciation of the broader variables that have an impact on development planning in GOF. The choice of focusing on agricultural potential stems from the fact that all of the City of Johannesburg development planning tools prioritise the green economy [58,59]. Urban agriculture has been identified as critical in addressing the triple challenges of unemployment, poverty, and rapid urbanization [58]. Moreover, agriculture has, over the last two decades, proven to be one of the South African government’s priority areas [58]. Figure 2 shows the suitability index for the GOF region. The strategic land index for GOF was used to profile sites using a suitability rank from highly suitable to unsuitable: 14.22 percent of GOF is highly suitable; 15.95 percent is moderately suitable; 10.75 percent is marginally suitable; 10.05 percent is suitable; and 49.03 percent is not suitable for urban agriculture.



The farming activity that has been noted in GOF is through communal gardens and backyard gardens. It is crucial to note that the sites reflected in Figure 2 are only indicative of where to target areas for establishing urban agricultural activities. As such, sites located within the highly suitable and moderately suitable areas were then subjected to on-site observations to validate their suitability more intuitively than quantitative data allows (see Figure 3). While all the sites are within the highly suitable and moderately suitable rank, they require maintenance and upkeep. The suitability ranking correctly designated the Urban Resilience hub as a strategically located land, and the debate remains whether the programs and services offered at the Urban Resilience hub are accessible to all residents of GOF. There is a need for satellite offices of the Urban Resilience hub to be rolled out to other community facilities.



Further cross-validation of marginally suitable and suitable sites reveals that these sites comprise portions of land adjacent to residential properties in the community. Observations reveal the potential of these sites is dependent on the willingness of adjacent landowner’s support and the availability of water sources and support programs. What is apparent from these sites is also the persistence of the community to tap into the urban agriculture economy. Various approaches are being implemented to maximise outputs from the limited land, such as using both organic and chemical farming approaches [56]. Despite these community-based initiatives, what is apparent from the strategic land analysis is the persistence of underdevelopment in GOF. These markers of underdevelopment reflect the challenges of being a marginalised community. Notable challenges include a lack of basic services such as adequate water and infrastructure. The culmination of these absences is abject poverty, unemployment, frustration, and a relatively poor quality of life. Figure 4 outlines urban agricultural activities in marginally suitable and suitable areas.



The GOF Urban Agriculture Forum also articulated that “due to limited economic opportunities urban agriculture is becoming the main source of livelihood for many people in GOF, with approximately over 40% of the community directly relying on agriculture as a means of living”. This high percentage of agriculture activity in GOF has been a result of limited economic opportunities to absorb this fast-growing population in the marginalised area. To this end, the existing community efforts should be harnessed to promote urban agriculture within the region. It is necessary to identify land for economic development so as to ensure that people are settled where there are necessary supporting services and amenities. The strategically located land assessment reveals that the land is mostly located close to built-up areas (see Figure 5). However, there is a need to introduce irrigation facilities and also align these with programs offered through Urban Resilience hub so as to take advantage of the existing agricultural economy in Johannesburg. Also noteworthy is that land portions are close to areas of economic activities with social amenities. The availability of social and economic infrastructure in GOF makes it possible and cost-effective to expand on existing community-based urban agricultural activities. There is a need to invest in the development of such areas through urban agricultural projects, which will improve the economic value of the sites.



The presence of areas in GOF with agricultural potential indicates that the promotion of urban agriculture in the area may be viable. However, some of the sites identified would need to be rezoned to ‘Public Open Space’ to ensure alignment with policy. To upscale existing initiatives, the local farming community should be supported to develop a closed system that utilizes organic wastes from food, manufacturing, and sewage. One option would be to promote the reuse of organic waste to improve the fertility of the soil. This has the potential to reduce the waste dumps that have been polluting waterways in GOF. The local community forums also highlighted the need for education programs which would empower the residents to begin their own vegetable gardens, as unemployment is still one of the concerns in this community. Given the success of vegetable gardens in townships, supporting such initiatives will also be beneficial to the environment due to ‘infield harvesting’ of storm water, as it has an attenuation potential depending on its location on each individual stand [60,61]. Consequently, this would reduce silt washing into streets and, finally, water courses.




5. Reflections and Implications of Findings


The study has several contributions to new knowledge generation, for policy formulation, academic purposes, and planning for marginalised areas. The methodological approach utilised in this study provides a community-based GIS-MCDMA technique for spatial planning. The criteria adopted can also be upscaled to inform strategies on land development and assessment of the land potential for other economic growth opinions. As such the methodology is a technical tool that serves as an enabler to address spatial challenges in townships, while ensuring that the value of land is maximised, particularly in marginalised areas. The study has proposed the use of PSS to unlock suitable land for urban agriculture within a marginalised area. The study through the cross-validation assessment identified that GOF is experiencing increased land and soil degradation and desertification, with the most severely affected areas being those that are within proximity to the ridge and wetlands. This could have negative consequences on the sustainability of biodiversity in GOF.



The approach informs strategies for developmental anchors in marginalised areas. The development trajectory of marginalised areas such as GOF must hinge on unlocking the potential within them rather than relying on the attraction of economic activity to the area. The potential of the community in the area and of its natural environment need to be unlocked. This human empowerment and enhanced productivity of the environment is the key to livelihood and to migration out of poverty for the residents. Facilitating provision of a productive sustainable environment through investment in emerging economies that are informed by community-based initiatives. A close reflection on urban agriculture in communities such as GOF reveals that urban agriculture enables skills transfer from the elderly to the youth. Moreover, continued investment in such emerging economies has the potential to build on efforts to modernise the township economy.



Lastly, this study brought several findings to attention. Firstly, to ensure sustainable development, the community should be part of the planning process. Secondly, behaviour changes should be supported through community-led programs that address infrastructure and skills development. Thirdly, for government-led initiatives that seek to mitigate risk factors associated with development planning, PSSs have the merit of utilizing socio-economic and environmental datasets. Lastly, the approach builds on efforts to the township economy through the use of GIS-based systems to inform the spatial growth of the township economy.




6. Conclusions


Within the Southern African context, there have been few modelling studies conducted to support policy on strategic land identification. For marginalized areas such as GOF, it is imperative to support emerging economies while also ensuring the preservation of the natural ecosystem. The study utilized a PSS tool to identify strategically located land for urban agricultural activities. The attention and interest in sustainable development in marginalised areas reveals urban agriculture as one emerging economy that has the potential to improve the quality of life of communities in marginalized areas.



Global implications emerging from this study are that there is existential inseparable connection between IKSs and contemporary sustainability planning, which is critical for spatial planning. The benefit of using a GIS-based approach is that it enables planners, urban farmers, and policy makers to collaborate in the development of an index to identify strategic urban agricultural space, especially where communities lack sufficient agricultural space.



Given the analysis presented in this study, it is apparent that all the land parcels within highly suitable and moderately suitable areas should be supported with urban agricultural infrastructure. Areas identified as marginally suitable and suitable sites are capable of contributing to the overall urban agricultural activities in GOF but would require more investment for the fully potential of the land to be realized. The limitations of this study is that the PSS utilised is currently not available online to allow multiple users to interact with the platform. Future research should explore the integration of the PSS to become a Web-based platform, as this would increase the collaborative planning process of the PSS.
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Figure 1. Location of Study Area. 
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Figure 2. Strategic land index for GOF. 
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Figure 3. Location of cross-validation sites for highly suitable and moderately suitable. 
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Figure 4. Existing urban agricultural activities in marginally suitable and suitable areas. 
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Figure 5. Strategic land for urban agriculture in GOF. 
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Table 1. List of PSSs in Southern Africa.
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	Name of PSS
	System
	Approach
	Source





	Well-Located Land Index
	Collaboration in GIS
	Enables users to unlock strategic land
	[5]



	UrbanSIM
	Urban simulation system
	Enables users to explore, gain insights into, and develop and evaluate alternative plans to improve their communities
	[45]



	Geospatial Analysis Platform (GAP)
	Web-based profiling platform
	Enables users to explore a common strategic basis for profiling people and their associated activities
	[46]



	Regional Spatial Profiler
	Web-based profiling platform
	Enables users to explore regional-scale spatial planning information to support planners and decision makers
	[47]



	Penciler
	Web-based affordable housing development feasibility analysis tool
	Enables users to explore housing data using constrained optimization to layout residential floorplans given the zoning constraints of the site and building programme requirements of the user
	[48]



	GIS inclusionary housing optimisation
	Offline profiling platform
	Enables users to rank inclusionary housing profitability optimisation
	[10]



	Geodesign tool
	Geodesign for collaborative planning
	Enables users to present and interact spatial data sets through a graphic interface
	[11]
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Table 2. Profile of workshop participants.
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	Profession
	Number
	Experience





	Urban Designers
	2
	8–15 years



	Urban Planners
	3
	10–20 years



	GIS professionals
	2
	8 years



	GOF Urban Agriculture Forum
	22
	2 to 15 years



	GOF SMMEs Forum
	16
	1 to 6 years
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Table 3. Criteria to identify strategic land in GOF.
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	Criteria
	Weight
	Rank





	Land cover
	15
	1



	NDVI (vegetation)
	13.6
	2



	Soil Texture
	11.5
	3



	Agriculture Potential
	9.6
	4



	Proximity to rivers (water source)
	8.4
	5



	Average annual rainfall
	7.6
	6



	Elevation (Slope)
	7.2
	7



	Environment Sensitive Areas
	6.4
	8



	Groundwater quality
	6.2
	9



	Strategic infrastructure projects
	5.4
	10



	Proximity to Informal settlement
	3.4
	11



	Proximity to Public Transportation Facilities
	3
	12



	Annual temperature (minimum)
	1.4
	13



	Annual temperature (maximum)
	1.3
	14
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Table 4. Mapping and criteria rule sets.
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	Index
	Interpretation



	Highly Suitable
	Land without significant limitations.



	Moderately Suitable
	The Land can be utilised to a certain extent for farming but would require some investment to ensure sustainability



	Marginally Suitable
	The Land can be utilised for small-scale farming; however, it would require significant infrastructure support to upscale economic benefits



	Least suitable
	The land has several limitations which would need to be addressed before it can be utilised for farming.



	Not Suitable
	The Land is not suitable for farming; this is because the proposed activity will negatively impact the land or the land is reserved for another purpose
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Table 5. Ruleset for strategically located land.
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	Criteria
	    Highly   Suitable -  a i     
	    Moderately   Suitable -  b i     
	    Marginally   Suitable -  c i     
	    Suitable -  d i     
	    Not   Suitable -  e i     
	Source





	Land cover
	Natural
	Cultivated; Plantations
	Built up
	Degraded
	Wetland, water bodies
	[12,53]



	NDVI (vegetation)
	>0.75
	0.5–0.75
	0.3–0.49
	0.25–0.3
	<0.25
	[1,54]



	Soil Texture
	Sandy and well-drained soils
	Clay soils
	Silty or silty clay
	Chalky soil
	Peat or muck
	[53]



	Agriculture Potential
	Agricultural Catalytic projects
	Identified for Future Agricultural investment (to be implemented within 5–10 years)
	Identified for Future Agricultural investment (to be implemented within 10–20 years)
	Identified for Future development
	Environmentally sensitive area
	[6,54]



	Proximity to rivers (water source)
	<1 km
	1–2 km
	2–4 km
	4.1–6 km
	>6 km
	[46,55]



	Elevation (Slope)
	1200–2000 m
	200–400 m
	401–1200 m
	2001–2500 m
	Sea level, <200 m or N2500 m
	[13,54]



	Strategic infrastructure projects
	<5 km
	5–10 km
	10–15 km
	15–20 km
	>20 km
	[16,56]



	Environment Sensitive Areas
	Areas without wetland or ridge
	N/A
	N/A
	N/A
	Areas with wetland or ridge
	[13,14]



	Proximity to Informal settlement
	<1 km
	1–3 km
	3.1–4 km
	4.1–6 km
	>6 km
	[13,26,45]



	Proximity to Public Transportation Facilities
	<1 km
	1–2 km
	2.1–3 km
	3.1–4 km
	>4 km
	[9,53]



	Average annual rainfall
	600–800 mm
	200–400 mm
	400 m–600 mm
	800–1000 mm
	<0–200 or >2500 mm
	[2,9]



	Annual temperature (minimum)
	<8
	4–8
	2–4
	0–2
	−1.9–0 or <−2
	[1,12]



	Annual temperature (maximum)
	0–23 or 23.1–23
	23.1–27
	27.1–30
	30.1–35
	>35
	[1,12]



	Ground water quality
	<70
	70–300
	301–600
	601–1000
	>1000
	[5,57]
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