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Transforming global food systems to promote food and nutritional security can help alleviate both poverty and ill-health, and support sustainable development. Such transformations need to be tailored and sensitive to the vulnerabilities and needs of marginalized communities yet are hindered by knowledge gaps. In particular, the food and nutrition security needs of the most vulnerable are often poorly understood, as are the policy frameworks and resource requirements associated with meeting their needs. To aid the development of frameworks to address these gaps, we review the current state of indicators relating to food systems for the improvement of food and nutrition security at the national and sub-national levels in South Africa. We identify gaps in the decision-making data in South Africa, including absence of food and nutrition security indicators. Integration of the South African Multidimensional Poverty Index and Food System Dashboard indicators could help address this, especially if applied at a sub-national level. Participatory food system mapping could also link data collection with system-level interactions and feedback loops to inform sub-national stakeholders in achieving food and nutritional security.
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Introduction

Food systems comprise multiple interacting drivers that link production and consumption through value chains (Leeuwis et al., 2021). The High Level Panel of Experts on Food Security and Nutrition of the Committee on FAO et al. (2017, 2020) define a sustainable food system as one that ‘provides food security and nutrition for all in such a way that the economic, social and environmental bases to generate food security and nutrition for future generations are not compromised’(HLPE, 2020). While vital for human nutrition and health, and critical components of cultures and economies, maladapted food systems drive environmental degradation and threaten the achievement of sustainable development goals (Crippa et al., 2021). Notably, food systems are not currently providing adequate, healthy nutrition to communities worldwide, contributing to the ‘double burden’ of malnutrition (Fanzo et al., 2022; Agostoni et al., 2023) while also failing to support viable, equitable rural economies (Leach et al., 2020; FAO, 2022b).

Food systems are also major contributors to greenhouse gas emissions, land use change and biodiversity loss, the emergence of zoonotic diseases, and negative impacts on soil, water and other natural resources (Willett et al., 2019; WWF, 2022; Anderson et al., 2023). At the same time, food systems are themselves under threat from the impacts of climate change, degradation of resources, and demographic shifts which impact the availability, access, utilization, stability, agency, and sustainability of food: i.e., the six dimensions of food security proposed by the High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security (Mbow et al., 2019; HLPE, 2020; BFAP, 2021; Clapp et al., 2022). The goal of ending hunger and malnutrition by transforming current food system trajectories has gained political momentum, potentially allowing actionable development toward the UN’s 2030 Agenda for Sustainable Development (Fanzo et al., 2020a).

The nature, management and regulation of transformed food systems remains complex and contentious due to the many interacting requirements, power dynamics and interests. However, any beneficial transformation will require accurate data at relevant spatial and temporal scales, made accessible to agents of change and relevant stakeholders alike (Fanzo et al., 2021; Béné, 2022). Such transformed systems will need to allow people – as individuals and communities – to meet their nutritional needs, promote adequate living conditions via the food value chain, enhance resilience, and respect planetary boundaries (Rockström et al., 2009; Leach et al., 2013). Indeed, it has been argued that food system transformation should go beyond reducing pressures on land and the environment to restoring or enhancing these, although with many discussions around the implications for land management and the associated financial supports (Mapfumo et al., 2015; Springmann et al., 2016; Khan et al., 2021). To ensure these transformations work for the most vulnerable, deep understanding of the needs of poorer or disempowered groups and communities will be needed, despite the difficulties in accessing data pertaining to the needs of such groups. Finally, any plan for transformation will need to be affordable, accessible, and accepted by multiple stakeholders (Ruben et al., 2021; Körner et al., 2022).

Achieving food systems transformation is particularly pressing in Africa where striking demographic changes are underway and where the risk of climate vulnerability is particularly acute. Compared to 2019, the African continent saw the largest increase in hunger (both in relative and absolute terms); approximately 278 million people are currently affected by hunger on the continent (FAO, 2022a). Climate change impacts on agriculture are expected to affect many African countries severely due to the higher vulnerabilities of many communities and households (Serdeczny et al., 2016; Zougmoré et al., 2021). To contribute toward sustainable and nutritious food systems and drive a significant change in hunger rates in Africa, a greater focus on the transformation of food systems in service of the marginalized is necessary. At the forefront of the 2030 Agenda for Sustainable Development is the recognition of inequality in all forms. The aim of the UN member states and goal of the Agenda is to “leave no one behind” and in doing so, “reach the furthest behind first” so that the most marginalized benefit from development and progress (United Nations, 2017). Marginalized people and communities are those with little or no access to social, economic, political, and/or educational access in society. Some examples of marginalized people include those who face exclusion due to wealth, class or social status; their gender, ethnicity, physical characteristics, immigration status and language; and membership of indigenous peoples and/or religious or sexual minorities, among many other factors (Lerner and Eakin, 2011; Sevelius et al., 2020). Furthermore, the COVID-19 pandemic left marginalized communities with further reduced access to social structures, creating additional concerns for food security (Sevelius et al., 2020). Due to growing impacts of climate variability on food systems in African countries, marginalized people and communities are most vulnerable. The number of vulnerable people in African countries is inherently linked to their risk of undernourishment, which is affected by economic activity and the ability to reduce hunger and poverty (Hosu et al., 2016). As food insecurity continues to hinder livelihoods and as many areas become increasingly urbanized, food systems need to adjust to meet the growing demands for food availability. More sustainable and nutritious approaches to food production need to be developed (Kuusaana and Eledi, 2015).

To inform the required food systems transformation, a comprehensive evidence-base is required. Despite a proliferation of digital tools and platforms to support evidence-informed decision-making for sustainable food systems, decision-makers are still often left ‘in the dark’ and lack key data to support effective policies and strategies to end hunger and reach the furthest behind (Fanzo et al., 2021; Herforth et al., 2022). Where data does exist within food systems and value chains, it may often be proprietary, having been derived from market research within commercial contexts.

Here, we seek to address the issue of knowledge gaps for more effective decision-making in the context of South Africa’s food system by drawing on two existing frameworks: the aforementioned HLPE (2020) six dimensions of food and nutrition security and the John Hopkins-GAIN Alliance Food Systems Framework (Fanzo et al., 2020b), further described below. After summarizing current sources of information pertaining to South African food systems as a whole, we consider specifically how data can be derived at sub-national levels, using one vulnerable region (the Eastern Cape province) as an example. We consider the gaps in the Eastern Cape province data framework for food systems decision-making purposes, focussing on sustainable and nutritious diets. Finally, we consider the possible role and potential of food mapping approaches to enable more dynamic evidence-informed decision-making for food systems transformation.



South Africa’s food system

As with most modern food systems, the national food system of South Africa involves the production, processing, sale and consumption of diverse foods, and their associated waste streams, based on national crop production, horticulture, and livestock farming at commercial and subsistence levels, and import of many globally traded commodities such as foodstuffs and production inputs (BFAP, 2021). Figure 1 is an outline of a basic South African food value chain illustrating some of South Africa’s major agricultural links in the food value chain.
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FIGURE 1
 Schematic overview of South Africa’s food system (adapted from the National Agricultural Marketing Council, 2022, Statistics SA, 2019, CSIR Waste Research Development and Innovation Roadmap Research Report, 2021).


At the production level, South African agriculture faces risks from climate change and extreme weather events (e.g., drought), degradation of natural resources, inequalities in terms of access to inputs, financial instruments, a decline in commercial farm employment, and issues at the policy, infrastructure and distribution level (FAO, 2022a). Social, cultural and economic factors also influence drivers affecting South Africa’s agriculture (Gbetibouo and Ringler, 2009), for example, racial disparities affect farmers’ equitable access to water, or disparities in access to skills and capital to access new technologies (FAO, 2022a). The share of agriculture’s contribution to South Africa’s Gross Domestic Product in the year 2020 was 2.3% (valued at R332 953 million) (Statistics and Economic Analysis, 2020). Although less significant than in some other countries in the southern African region, agriculture plays a vital role in South Africa’s economy, and it is also an essential part of life in rural South Africa for food security and as a means of sustaining livelihoods. For example, as of 2017, 2.5 million South Africans relied on subsistence farming (Stats SA, 2019).

Land in South Africa is limited for agricultural purposes due to the impacts of climate change and land under-utilization. The availability of water resources for food production is a concern mainly due to infrastructure challenges, and ecological degradation of rivers, wetlands and soils (BFAP, 2021). Further, South Africa is projected to become hotter and drier, with reduced precipitation which will be accompanied by droughts and flooding (Blignaut et al., 2009; Gbetibouo and Ringler, 2009; Hosu et al., 2016).

In recent years, South Africa’s reliance on imports of food has increased. For example, rice imports have increased whilst maize and wheat production in South Africa have decreased (Hendriks, 2014; BFAP, 2021). At the same time, input costs have increased for farmers as exemplified by the case of maize farmers; with a contributing factor being the cost of fertilizer. As a staple of the South African food basket, the increasing costs of maize creates concerns around the affordability of basic food items for low-income households (Bosiu et al., 2017). Hence, households face many limitations to food production and access, both economic and non-economic, which may in turn lead to food insecurity risks (Oldewage-Theron and Kruger, 2011). Some also argue that a contributing factor to the growing vulnerabilities of South African communities is the poor management of institutional interventions for food security and the drivers behind food security (Hosu et al., 2016). According to Musemwa (2013) and Ningi et al. (2021), these include gender roles where female household heads are associated with a household being less food secure, lack of ownership of arable land, household size where larger households result in a higher incidence of food insecurity, households that have access to credit also have high interest rates (inflation across the board is a contributing factor). Lastly, many women in rural areas often lack access to education which may decrease their purchasing power. Due to cultural and socio-economic reasons, women are often not allowed to take on certain roles which in turn affects food security. These are powerful limitations to food security (Ningi et al., 2021), making access to food challenging, whether produced through subsistence farming or through local stores and supermarkets (Oldewage-Theron and Kruger, 2011).

South Africa is experiencing increasing urbanization and food security concerns due to climate variability, which is exacerbated by marginalization in many parts of the country. The Bureau of Food and Agricultural Policy (BFAP) estimated that approximately 50% of the South African population are unable to afford the “thrifty healthy food basket” of 2021 (BFAP, 2021), and the cost of this food basket is expected to increase through 2022 [This is the South African context food basket consisting of 26 food items from all food groups for a family of four, which was projected to increase to R3 036 in 2022 from R2 921 in 2021 and from R2 778 in 2020 (BFAP, 2021)].

Urbanization in South Africa, as in many countries commonly considered developed or emerging economies, can be associated with both positive and negative nutritional impacts (Fanzo and Davis, 2019; Fanzo et al., 2022; FAO, 2022a). Food stores of different sizes, specialisms and ownership models have become critical sources of food throughout South Africa (Pereira et al., 2014), both for staples such as cereals and other foods, including exotic and more processed produced (Shisana et al., 2013; Battersby and Haysom, 2019). Even though food may be highly accessible within communities, Ningi et al. (2021) highlight that access to food is still inadequate due to socio-economic limitations. Further, households with land ownership are more food secure than households without land ownership (Musemwa, 2013; Ningi et al., 2021); therefore, home gardens or household food production can assist in access to food (Temple et al., 2011), even in a context of urbanization and store-bought produce.


Enabling decision making for food system transformations in South Africa

Decision-making for food systems modifications is complicated by trade-offs, co-benefits and powerful feedback/forward loops relating to decisions made at any node in the food system, which also implies the existence of multiple opportunities and levers that could be used to effect change. Food systems dashboards (FSD) are considered to be useful tools for ordering data so as to assist decision-makers to prioritize actions addressing food systems challenges (Fanzo et al., 2020b; Zhou et al., 2022). For the purposes of this paper, a food systems dashboard is considered to encompass any digital, openly accessible tool that provides decision-makers (including investors, policymakers, civil society, academia, etc.) with a range of information and data to support effective decision-making processes (examples are provided below). The tools are described as being useful for improved collective action, targeting efforts by comparing across regions or countries, or for prioritization of pathways by identifying national needs and gaps in food systems, for example to signal at risk areas (e.g., for market access or food consumption), identifying the drivers of hunger (Fanzo et al., 2020b; Zhou et al., 2022; WFP, 2023).

FSDs may either attempt to incapsulate all relevant data pertaining to a defined area (e.g., a country), or target particular aspects of transformation. For example, the former category includes the Food System Dashboard which was developed by John Hopkins University and GAIN (Zhou et al., 2022), while the latter category includes the Hunger Map Live Dashboard which was created by the World Food Programme (WFP, 2023). The John Hopkins University and GAIN FSD makes use of approximately 150 indicators from more than 30 sources to describe, identify, assess, and enable action for the betterment of food systems (Fanzo et al., 2020a,b). To facilitate use of the John Hopkins University and GAIN dashboard by decision-makers, the John Hopkins University and GAIN food systems framework relates the different yet connected components surrounding food systems. The components include food supply chains, food environments, individual factors, and consumer behavior, which are further broken down to sub-components. Furthermore, relevant indicators for some of the outcomes of food systems including diets, nutrition and health, social, economic and environmental outcomes are included (Fanzo et al., 2020b). In principle, the Dashboard is intended to provide information for policymakers to utilize in decision making through the provision of national data and the capacity to compare across similar countries (Fanzo et al., 2020b). The data provided on the FSD country profiles relies on multiple sources and represents the latest available indicator data. For instance, the John Hopkins University and GAIN FSD country profile for South Africa contains a range of national level indicators (Supplementary Table S1).

However, existing FSDs also face data gaps, or struggle to model how different food system processes may influence each other, including trade-offs between these processes and the outcomes of any such trade-offs. Some have suggested the need for tools to explicitly analyse statistical data to predict future trends for the use of policy-makers and other food system actors (Fanzo et al., 2020b). Different dashboards may also take different approaches to data collection, e.g., for household dynamics, food processing and distribution, advertising and consumer preference (Marshall et al., 2021). Data gaps in the FSD at the national level for South Africa include the relative absence of data on retail and marketing, consumer behaviour and adolescent diet patterns, all of which could provide useful information to decision-makers. Further, according to Marshall et al. (2021), a key gap is the lack of sub-national data. In general, the structure and dynamics of food systems diverge at the sub-national level. At this level there are numerous influencers of the food system such as geography, food suppliers and distributors, agricultural land, and many other local context-specific drivers. In principle, sub-national data could enable both national and sub-national decision-makers to develop better strategies or policies specific to a city or province; comparisons between cities or provinces could be established. The national-level data in existing FSDs could be used to guide the identification of relevant and actionable sub-national level indicators for the food systems of sub-regional areas. Given the need to use indicators that are organized around existing and commonly accepted frameworks, in this study we consider using both the John Hopkins University and GAIN FSD framework and the HLPE’s conceptualization of food security to identify useful indicators for sub-national decision-makers (Devereux et al., 2020; HLPE, 2020). A panel of indicators that can meet the needs of the dimensions of food security at the sub-national level could enable decision making that promotes transitions to more sustainable and equitable food systems for sub-national levels of South Africa. In the following section, we apply this approach to South Africa’s Eastern Cape.

The John Hopkins and GAIN FSD frameworks are drawn upon for this analysis partially as they aligns with FAO’s role in enabling food and nutrition security; indeed, their indicators are organized around the UN HLPE Report’s conceptualisation of a food system. This provides a basis to assess the Eastern Cape’s data availability based on the HLPE (2020) report’s additional two dimensions of food and nutrition security: sustainability and agency. The Hopkins and GAIN FSD was selected based on its explicit goal to support more evidence-based decision-making for food systems transformation, including ‘assessing food systems, supporting the prioritization of actions, and describing the state of a country’s food systems and effects on nutrition and health’ (Fanzo et al., 2020b).

The Eastern Cape has been selected as a study region because the province is known to experience the most pronounced levels of poverty within South Africa (Ningi et al., 2021). Apart from the socio-economic challenges faced by the Eastern Cape, the climate and geography also play a vital role in food security as the province is prone to long summer droughts and heavy rainfall during winter. This is due to the influence of midlatitude and tropical systems (Mahlalela et al., 2020). Inland areas of the Eastern Cape experience limited agricultural opportunities due to the climate and geography, and some of the region’s soils are not conducive to agriculture (Mahlalela et al., 2020; Ningi et al., 2021). Efforts toward ending poverty and hunger in South Africa will depend on effective policy decisions targeting areas of high need, such as the Eastern Cape.



Multidimensional monitoring of poverty and marginalization in the Eastern Cape

Nine groups of food are included in the Food Based-Dietary Guidelines for South Africa. These are (1) cereals, roots and tubers; (2) meat, poultry fish; (3) dairy; (4) eggs; (5) fruit and vegetables rich in vitamin A; (6) legumes; (7) other fruit; (8) vegetables (except legumes); and (9) fats and oils (Vorster et al., 2013). The Food-Based Dietary Guidelines for South Africa is used as a basis to measure dietary diversity in the country, where a Dietary Diversity Score (DDS) of less than 4 is considered to be poor in diet diversity. Findings indicate that 59.6% of the Eastern Cape have a DDS of less than four, which suggests food insecurity amongst more than half of the population (Vorster et al., 2013). Megbowon and Mushunje (2018) indicate that the main foods consumed in Eastern Cape are starches (mainly cereals), followed by oil, fat, butter, sugar, and meat and eggs. The foods consumed in smaller amounts in the Eastern Cape include vegetables such as spinach and pulses such as beans and nuts.

Unsurprisingly, poverty plays a major role in food security in the Eastern Cape with strong links to poor dietary diversity (Megbowon and Mushunje, 2018). Low intake of vegetables and pulses increases the risk of disease such as diabetes (Shisana et al., 2013), especially in female-headed households (Oldewage-Theron and Kruger, 2011). This points to the need for data relating to the food environments experienced by individuals, households and communities, to better understand characteristics of the food system such as vendor properties, availability, and affordability of a diverse and nutritious diet (Fanzo et al., 2020b).

Vulnerability to food insecurity affects people at the household level where the priority is acquiring food for the short term, making it harder for households and individuals to deal with unpredictable adverse events or shocks. It is therefore essential to understand and investigate the vulnerabilities faced by the marginalized people of the province. Poverty and marginalization vary between the nine provinces of South Africa with unemployment, health, demographics and living conditions ranking lowest in the Eastern Cape region, which is still largely rural (WorldBank, 2022; FAO, 2022a). Indicators of poverty are used to measure socio-economic development. However, measures of poverty may not always directly relate to household welfare and gaps remain for many countries in their methodology of poverty measurement (Alderman et al., 2002). Until recently, South Africa predominantly used monetary approaches to measure poverty (Mushongera et al., 2015). Many surveys (census, income and expenditure surveys, community surveys, national income dynamics study and general household surveys) have been undertaken to determine household expenditure in order to measure poverty (Fransman and Yu, 2018). More recently a shift toward a multidimensional approach to measure poverty has occurred, similar to many other countries. A multidimensional approach takes into consideration different areas of living circumstances (Mushongera et al., 2015). The Multidimensional Poverty Index (MPI), proposed by Alkire and Foster (2011) and UNDP (2021) uses a set of indicators to measure poverty. In line with this MPI approach, the South African government use 11 indicators categorised into four dimensions of poverty which include health, education, living standards and economic activity. Together this makes up the South African Multidimensional Poverty Index (SAMPI) where data is collected through surveys (Ntsalaze and Ikhide, 2016). However, gaps remain within this South African MPI approach – including an absence of direct food security and nutrition indicators as identified by Fransman and Yu (2018).

To better understand food insecurity in the Eastern Cape, household poverty and its relation to food insecurity needs to be considered (Ngumbela et al., 2020). Data sources important for the SAMPI include the census and the community surveys, the latest of which are from the years 2011 and 2016, respectively (Alderman et al., 2002; Fransman and Yu, 2018). The provincial profile of Eastern Cape’s multidimensional poverty indicators and its determinants (2016) are shown in Table 1, which displays the SAMPI dimensions and the indicators for the Eastern Cape as an illustration of multidimensional poverty in the nine municipalities of the province. The indicators relating to food systems in South Africa are currently not thoroughly considered in the SAMPI even though surveys assessing consumption and nutrition exist through the South African Demographics and Health Survey 2016. However, if such data could be consolidated with the SAMPI (or as its own national food security indicator system), the linkages between poverty and nutrition outcomes (i.e., the outcomes relating to a sustainable food system) would be more apparent to support more effective decision-making for food system transitions. For example, diets are affected by an individual’s food environments, i.e., accessibility and affordability of food, type of vendor outlets available and food messaging/marketing. The use of both sets of indicators could help address the gaps from both the FSD and the SAMPI, thus supporting the potential for more effective and accountable decision-making processes in the Eastern Cape’s food systems.



TABLE 1 District by district profile of the Eastern Cape province’s multidimensional poverty indicators and its determinants.
[image: Table1]

South Africa conducts a number of surveys to assess demographics, health, nutrition and other areas of life in the country. However, these surveys do not indicate a direct relation to nutrition. For example, the Community Survey and Census has not to date included malnutrition and hunger, even though the global MPI includes nutrition into its poverty measurement (Fransman and Yu, 2018). Food security measurements can be assessed through determinants such as economic factors which result in food insecurity such as malnutrition (Jones and Ejeta, 2016). Further, another important indicator for nutrition outcomes relates to dietary diversity, required to ensure sufficient nutrient intake through the consumption of diverse foods (Oldewage-Theron and Kruger, 2011; Verger et al., 2021). Current problems relating to food systems and poverty continue to hamper development in the Eastern Cape and in other low-income areas of South Africa. For example, common health problems relating to food insecurity in children include wasting, stunting, underweight, and vitamin and iron deficiencies. Common health problems relating to food insecurity in adults are anaemia, underweight, overweight, non-communicable diseases, malnutrition, and vitamin and mineral deficiencies (Shisana et al., 2013; Pereira, 2014; FAO et al., 2021).



Sub-national food systems indicators for improved food security and human nutrition in the Eastern Cape food system

Given the challenges noted above, the question arises of how indicators relating to food security and nutrition can be better used to strengthen food systems planning, and how these relate to existing or proposed multi-dimensional indicators of poverty (Ngumbela et al., 2020). To complement the mapping of FSD data availability in South Africa against the country’s national data framework (SAMPI), we mapped the SAMPI indicators for data available on the Eastern Cape region against the HLPE six dimensions1 of achieving food and nutrition security (Table 1). The Table also highlights the South African classification of indicators by ‘determinants’. The use of determinants is commonplace in South African surveys; therefore, each potential indicator makes use of a determinant. For example, the health dimension of the SAMPI is restricted to child mortality with the determining factor being the number of deaths below the age of 5. Nutrition-related indicators form a crucial part of food system indicators as nutrition is a determining factor of health, related to survival and development of children in their future outcomes as they lean toward adulthood. The state of nutrition also affects educational outcomes and employment opportunities (Duffy et al., 2017). For developing areas like the Eastern Cape, where diets are high in starchy foods (Pereira, 2014), dietary diversity is of particular importance as a variety of food items are required in an individual’s diet to ensure adequate uptake of essential nutrients (Drimie, S. et al., 2015).

The SAMPI framework places a strong emphasis on economic access and WASH conditions which will favor some aspects of food and nutrition security. However, as Table 1 indicates, there is an absence of indicators relating to dimensions such as availability and sustainability. In line with the FSD framework, availability can be seen as part of the broader food environment, which can influence how people access food and their agency in the food system (HLPE, 2020; Fanzo et al., 2020b). For example, indicators on consumer behavior are currently not directly addressed, without which there is a lack of knowledge on food acquisition, preparation and storage. These are directly aligned with how consumers would access their food, where or how it is available and if the source of food is sustainable (in terms of market availability and access to a retailer), how food is utilized by an individual or household, and who is in charge of household decisions around food leading to agency. More consequentially for this analysis, there were no disaggregated data available on child mortality at the district level in the Eastern Cape Region. This is reflected in the absence of district-level health indicators, a key dimension of food and nutrition security, which also renders decision-making relating to child and maternal health less informed or evidence based.

As a driver of food systems, the repercussions of climate change and its effects on the environment are absorbed by different systems (Serdeczny et al., 2016). However, climate related events which could cause food supply shocks are not explicitly considered in current FSDs: this could be at least partially addressed by including a Climate Risk Index Score as an indicator. Water resources are an essential component of a food system and changing precipitation will affect the production of food. Regions particularly susceptible to climate vulnerabilities such as droughts and flooding are at increased risk of experiencing food supply shocks (Mbow et al., 2019). The indicators - Average annual precipitation (mm/year) and Climate Risk Index score (low score = higher vulnerability) – to measure annual precipitation and monitor yearly weather patterns for extremities and vulnerabilities allows for planning and risk management. These climate-related events affect access to food, resulting in changes to value chains and diets. The indicator Trade (exports/imports) as a percentage of GDP can track and measure food accessibility for imports and exports.

The production system and inputs within the production system are complex and monitoring the production system through indicators is important for more efficient and resilient food value chains (Amjath-Babu et al., 2020). The addition of two indicators to monitor some environmental aspects of agricultural production systems (such as impact of fertilizer use on soil or true cost of inputs including water) could include Fertilizer consumption (KG/per hectare of arable land) and Area equipped for irrigation total per 1,000 ha. The inclusion of measuring Per capita food supply variability is important because variability relating to value chains are monitored (especially for food availability purposes), such as any instabilities, and results from the food system chain over a 5-year period (INDDEX Project, 2018). Gaps in the South African FSD profile remain for the socio-economic dimension which relate to all HLPE dimensions; therefore, we propose that these gaps can be bridged with the inclusion of the following indicators: motorization rate (vehicles per 1,000 inhabitants), Public transport rate (bus, taxi, train per 1,000 inhabitants), Age 5–24 years attending educational institution (%), 20 years and older with no schooling education (%), Ethnic diversity (% of each ethnic group within a province), Employment rate by gender (%), and Age structure of population (%). Food preparation and food storage are important determinants of the food system as they control what food is purchased, how food is cooked, the hygiene of food, and quality of purchased food in a specific time frame. Indicators to measure household abilities to utilize food in a stable and sustainable way include Availability of energy (availability per 1,000 households), Availability of safe water source (availability per 1,000 households), and Availability of cold storage (availability per 1,000 households).

To transition toward a food system with adequate nutritional supplies, the proposed sub-national food system indicator panel can be used to identify populations that are most marginalized within food systems. However, we recognize that what we are proposing does not consider who will routinely collect such data, and who will pay for the routine data collection at the scale and frequency necessary to support for decision-making. With this caveat in mind, we have indicated in Supplementary Table S2 our proposed panel of sub-national food systems indicators for the Eastern Cape. The panel of indicators is not only an extension of the SAMPI but a consolidation of indicators from the SAMPI and the FSD, including options for which entities could routinely collect the data for each indicator at scale.




Can food flow mapping augment indicator-based decision-making regarding food systems?

In addition to the need for integrated sets of food systems indicators, robust food systems transformation will also require dynamic monitoring of short-term changes (Sweeney et al., 2015; Alarcon et al., 2021; Fanzo et al., 2021), including at even more granular levels than the province. Food mapping has been proposed as a way of enhancing indicator data by mapping food systems within an area of interest and providing more dynamic insights (including consideration for food systems interactions) than static overviews provided by the diagnostic approaches found in dashboards (Marte, 2007; Wight and Killham, 2014; Alarcon et al., 2017). Food mapping combines spatial analysis, census information and other forms of data to create maps on a regional or city level (Wight and Killham, 2014; Kiambi et al., 2018). Food mapping is amenable to participatory approaches, which helps ensure food systems transformation occurs in a progressive manner with suitable emphasis on agency and social sustainability within the food systems paradigm (Sweeney et al., 2015; Alarcon et al., 2017). Food systems mapping is also useful in providing insights into local food supplies, infrastructure conditions, trade, and individual and external factors (Alarcon et al., 2017; Kiambi et al., 2018; Alarcon et al., 2021). Hence, food mapping could potentially provide a useful complement to Dashboards, which may be more comprehensive but equally may be relatively static given the nature of their underlying datasets.

In the context of the Eastern Cape, food mapping could indicate the geography of food systems which is especially important in areas with few or no food retail outlets, or where evidence regarding nutrition or other aspects of food flows is lacking. Mapping can also improve pathways for data collection through the identification of data gaps, e.g., in areas where infrastructure or finances make data collection challenging. There is no routine method for food mapping as it can require a number of different approaches to depict or visualize distinct features of a food system (Wight and Killham, 2014). For example, aspects might include agricultural activity, home gardens, food waste and food distribution can be used to map features such as location of where food is sold. Research on food mapping makes use of spatial and/or temporal analysis through GIS software (Appeaning Addo, 2010; Tsuchiya et al., 2015; Karg et al., 2016; Rich et al., 2016; Jensen and Orfila, 2021), participatory participation (Tsuchiya et al., 2015; Rich et al., 2016), and quantitative studies (Karg et al., 2016).

Food flow mapping can be conducted in a participatory manner, including the use of citizen science approaches. This can be of particular relevance given the importance of social sustainability and agency within the food systems approach. In the past, geographical systems and research were not as easily accessible to people and consumers; however, this has changed due to citizen science approaches to co-creation of knowledge (Trojan et al., 2019). Citizen-science approaches have been widely interfaced with geospatial analyses – examples of this include OpenStreetMap, Esri ArcGIS, and Geoserver. Participatory methods for mapping can enable the creation of knowledge which could be utilized in the identification of key actors, interactions and solutions for a food system (Jacobi et al., 2019). In principle, the role of participatory approaches for food flow mapping can better allow actors such as researchers, policymakers, and other stakeholders to link their knowledge of food systems to decide on where and how to collect necessary data and to map data. Data can be utilized through the resulting food flow maps for decision-making around improving food systems (Jacobi et al., 2019). Food flow maps can provide information on the drivers, challenges, and interactions of the food system – the geography, farming techniques, policies, food types, nutrition of food, distribution, feedback loops, and other related information. For example, a spatial mapping analysis of agricultural infrastructure conducted by Charles and Battersby (2019) in the Mhlontlo municipality of the Eastern Cape revealed the potential for production of high-value crop and fruit (by mapping the vital agricultural zones) if agricultural land were better utilized and infrastructure not constrained. Some of the infrastructure required for improved productivity included infrastructure development for irrigation, processing and storage facilities, access to road networks, and technology. Through mapping, an opportunity that emerged included infrastructure development for water availability which involved the development of irrigation schemes and water reservoirs to maintain production. Furthermore, the development of agricultural information centres could be utilized for the communication of key agricultural information and communication relating to the food system (Charles and Battersby, 2019).

Through participatory approaches to food flow mapping, more effective and socially inclusive value chains can be realized to enhance food and nutrition security, economic growth and poverty reduction. The use of food system mapping, supplemented by the food system indicators could enable gaps between food systems and stakeholders to be bridged. Both sub-national dashboards and food flow mapping can better enable decision-making toward food systems to create more positive feedbacks (Nhemachena and Chakwizira, 2013; Tsuchiya et al., 2015) and create opportunities for South Africa to utilize participatory approaches to mapping which is suitable for its sub-national food and nutrition security needs.



Conclusion

Transformative changes are needed throughout our global food systems to achieve food and nutrition security while minimizing negative impacts on other dimensions of sustainable development and promoting positive feedback effects and co-benefits wherever possible. Yet, such transformations are hindered by a lack of data, especially at sub-national levels and among the most vulnerable. Here, we have considered the prospects for applying a food system lens at a sub-national context for tackling food and nutrition insecurity in South Africa. We have identified possible gaps in the current food systems decision-making data landscape in South Africa and specially in the Eastern Cape. We have identified indicators from other frameworks which could synergise with SAMPI and FSD datasets collected nationally, to more clearly track progress toward achieving the six HLPE dimensions of food security in the municipalities of the Eastern Cape. We also consider options to bolster food systems decision-making through using participatory approaches and citizen science to develop food flow maps. The approach of consolidating and integrating indicators from global, national, and sub-national level data is one that could be applied in other regions and countries, but will require participation and investment from state and private sector actors within diverse fields, and continued development of enabling environments for policy makers and other stakeholder groups.
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Footnotes

1   Agency relates to the ability of individuals/households/communities to influence their own choices around food security decisions related to type of food production, what is consumed, distribution decisions and policy decisions; Access refers to the physical and economic ability to source food that is sufficient in quality, quantity and diversity. Stability refers to the constant supply of food which is influenced by factors such as income and economic resources; Utilization indicates the nutritional and safety components of food, such as how food is prepared.
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Outside yard 47% 20% 37% 28% L6% 10% 16.0% 13%
Electric energy Access to electric energy Access. 92.5% 85.6% 93.4% 84.2% 87.0% 721% 87.7% 97%
No access to electric energy Utlization 7.5% 144% 6.6% 158% 12.8% 27.9% 12.3% 3.0%
Energy for cookingand  Access to cooking energy source | Access. 99.6% 99.4% 99.8% 99.0% 99.5% 99.6% 99.4% 99.8%
lighting No access to cooking energy Utilization 0.4% 0.6% 0.2% 10% 0.5% 0.4% 0.6% 0.2%
source
Access to energy for lighting 99.5% 99.8% 99.8% 99.4% 99.7% 99.9% 99.6% 99.9%
No access to energy for lighting 05% 0.2% 02% 06% 03% 0.1% 04% 0.1%

Source: Authors’ compilation using Census 2011, and Community Survey, 2016. Data on the indicators which measure poverty for the Eastern Cape province were rtrieved from the 2011 Census report and the 2016 Community Survey which is broken down into the
six main district municipalities and two major cites. Information on economic activity and child mortaliy for every municipality council was not a partof the census and community survey; leaving a gap in information at the municipal level.
*Remaining population fall into different categories of education which is not included into the SAMP.
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