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Food systems have a profound impact on diets, nutrition, health, economic development, and environmental sustainability. Yet their complexity poses a persistent challenge in identifying the policy actions that are needed to improve human and planetary health outcomes. Typologies are a useful classification tool to identify similarities and differences among food systems, while reducing this analytical complexity. This study presents a new food system typology, implemented at the country level using parsimonious data that characterize food supply chains, food environments, consumer-related factors, and key outcomes, including dietary intake, nutritional status, health, and environmental impacts. Five food system types are identified: rural and traditional; informal and expanding; emerging and diversifying; modernizing and formalizing; and industrial and consolidated. Patterns across the five system types in key outcome variables align with narratives provided by the food systems and nutrition transition literature, demonstrating the usefulness of this classification method. Substantial heterogeneity nonetheless still exists within individual food system types. Therefore, the recommended use of the typology is in early stages of hypothesis generation, to identify potential risk factors or constraints in the food system that can be explored further at national and sub-national levels.
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INTRODUCTION

In the past decade, the critical role of food systems in shaping human and planetary health has been firmly established (Popkin et al., 2012; Springmann et al., 2018; Willett et al., 2019). This has led policymakers to seek out actions to reorient their food systems toward healthier, more sustainable outcomes, while continuing to promote socio-economic development, resilience, and poverty reduction. However, conceptual issues in characterizing food systems and their various components have challenged global and national discussions. These issues stem in part from the complexity of food systems, which are defined as the combination of all the diverse elements and processes involved in producing, processing, distributing, marketing, preparing, and consuming food. These elements and processes also vary over time and across spatial scales (HLPE, 2017).

Typologies are a classification tool that can support researchers and policymakers in conceptualizing and analyzing food systems. In their most basic sense, typologies offer a system for ordering and grouping entities according to their similarities. Statistically, the goal is to minimize variation within a group and maximize variation between groups (Bailey, 1994). Once grouped according to a clear set of criteria, the reduced dimensionality in the data makes it easier to compare and contrast entities, thus enhancing and accelerating learning. When applied to national food systems, a typology can help to identify countries with similar food systems that may be more likely to share common drivers of dietary, economic, and environmental change and be responsive to similar policy actions or technological or institutional innovations. It can likewise help demarcate the boundaries beyond which lessons from one context may not translate well to another.

Efforts to classify types of agriculture have existed since the late 19th century and in the 1960s, the International Geographical Union led a Commission on Agricultural Typology, which had the goal of systematically ordering knowledge of agricultural geography to better inform agricultural development programs (Kostrowicki, 1977). While at the time the concept of a food system was not fully formed, a systems lens was being applied to agriculture and typologies were deemed appropriate for synthesizing the multi-dimensional, interconnected qualities of a system. Given growing interest in broader systems framings, and evidence that most of the revenue and many of the environmental and social impacts of consumer food purchases accrue downstream from farms, the time is ripe to develop food systems typologies (Yi et al., 2021).

A preliminary scoping review was conducted to assess how previous typologies related to food systems were developed. Searches were conducted during the summer of 2018 and again in fall 2020 in PubMed, Web of Science, and Scopus databases (see search terms used in Appendix 1, Supplementary Material). The review sought to explore the different components of food systems that typologies aimed to characterize, the variables used to define the typologies, and the methods used to develop typologies, with the goal of adapting and building upon elements that were appropriate for the current study.

The search yielded 317 relevant articles, which were complemented with food systems-related reports from Internet searches of the gray literature published in recent years. Illustrative examples of the typologies identified and the components of food systems they aimed to characterize are included in Table 1. One limitation of food systems research to date has been the tendency to focus narrowly on individual components of the system (e.g., agriculture, supply chains, or food environments), rather than the system as a whole (Sobal et al., 1998; Ingram, 2011). This trend is also present in food systems-related typologies, which most commonly focus on individual components of the food system. In the agricultural sector they have been used extensively to characterize farming households and patterns, while the relatively less developed field of food environment research has also made use of typologies to characterize neighborhoods or specific types of outlets where consumers shop for food.


Table 1. Illustrative examples of food systems-related typologies from the literature.
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Typologies describing food systems as a whole were less common and tended to utilize conceptual, non-empirical methods of categorizing food systems. Our intention was to build a typology that reflected food systems comprehensively, using available national data that could be operationalized for use in analysis. Quantitative methods were therefore deemed more appropriate than conceptual typologies, which present theorized (or ideal) food system types as opposed to empirical cases, often based on expert judgement (Bailey, 1994), and may not readily facilitate straightforward classification and utilization in analysis.

The approach we adopted was closest to that used in the Global Nutrition Report 2015: Actions and Accountability to Advance Nutrition and Sustainable Development (IFPRI, 2015) and the Committee on World Food Security's High-Level Panel of Experts (HLPE) report, Nutrition and Food Systems (HLPE, 2017). Both of those reports developed typologies that moved beyond agricultural systems, using a purposefully selected set of indicators to represent the broader food system, including production, food environment and consumers. We have aimed to improve on those previous efforts in both the selection of our typology indicators and in our methods of classification, as described in more detail in the Methods.

A prerequisite for developing a typology is the identification of a parsimonious set of core features that should be used to group individual elements, in our case countries. Variables that do not demonstrate sufficient heterogeneity across the sample of countries or do not address the diverse components of a food system may not generate an informative typology. The chosen variables should also be universally relevant for describing food systems across all types.

Typologies may mask meaningful heterogeneity in food systems, especially at smaller spatial scales than country-level. Though they must generate mutually exclusive classes, it is also true that there will always be some countries that are close to the boundary between two types. For these countries, there is more uncertainty with regard to classification in a given type, which may be sensitive to specific decisions related to the variables chosen, how thresholds are set, and how criteria are weighted. Typologies should therefore not replace local context analysis, but rather serve as a starting point for hypothesis generation of how food systems may better contribute to human and planetary health, and socio-economic outcomes.

This study presents a newly developed food systems typology, which is used to classify 155 countries into five food system types. The food system types are described and diet, nutrition, and environmental sustainability outcomes are compared across the typology as a means of exploring the patterns of different outcomes across food system transformations. This typology is currently featured on the GAIN and Johns (2020) and underpins the contextualized analysis of the Cornell Atkinson—Nature Sustainability expert panel on “Innovations to build sustainable, equitable, inclusive food value chains” (Barrett C. et al., forthcoming).



METHODS

Two principal methodological challenges arise when constructing a quantitative typology: (1) the choice of food system dimensions to incorporate in the typology and the variables that should be used to measure those dimensions; and (2) the choice of technique for grouping countries into different categories based on those dimensions (Kostrowicki, 1977).


Choosing Typology Variables

This study relied on a limited number of purposefully selected variables to inform the typology. Several earlier food system typologies included in the scoping review, while discussing implications for the broader food system, including nutrition and health outcomes, were primarily informed by the agricultural transformation process and relied solely on agricultural employment and income per capita to classify countries (McCullough et al., 2010; Pingali et al., 2015). Other typologies, particularly those with a targeted focus on farming households or farming systems, utilized large quantities of indicators (Madry et al., 2013; Lopez-Ridaura et al., 2018). For the purposes of the study, this was not preferred for several reasons. First, a large number of variables would result in more missing data, which would reduce our sample size. Second, these methods frequently rely on more advanced statistical classification techniques to process large quantities of data that were disadvantageous due to the nature of our data (as discussed in the following section). Lastly, using a more parsimonious set of indicators facilitated clearer identification of the influence of each variable, and easier communication of results.

Four variables were identified to serve as the basis for the food systems typology. These variables were selected according to the following criteria: (1) the group of indicators chosen should reflect the different components of the food system; (2) the literature should support the indicators' association with food system patterns and transitions; and (3) indicators should have high global coverage, with availability for at least 100 countries, and reasonably balanced representation across different regions and income group classifications. Indicators that had been included in previous typologies from the scoping review were also prioritized.

A food systems conceptual framework was developed to guide implementation of the first criteria, shown in Figure 1. This framework was adapted for the Food Systems Dashboard from recent high-level reports that had broad input from researchers, representing different food systems-related disciplines, also incorporating more recent conceptual work drawing attention to the external and individual dimensions of the food environment (Global Panel on Agriculture Food Systems for Nutrition, 2016; HLPE, 2017; Turner et al., 2018). The framework includes as its core components food supply chains, food environments, consumers (made up of their individual factors and behaviors), as well as external drivers of food systems. Each of these components is also broken up into various sub-components. The goal for the typology was to select variables that would describe at least one key feature of each of the core components of the framework. Variables assessing diet, nutrition, and health were excluded from the construction of the typology because conceptually, these were considered as outcomes of food system processes as opposed to components within the food system.
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FIGURE 1. A conceptual framework for food systems.


Agricultural value added per worker (in constant 2010 USD) was selected to represent food supply chains in our typology. Improvements in agricultural productivity are a key driver of agricultural transformation, in which countries transition from having a large agricultural labor force with low productivity, to a reduced, yet more productive agricultural labor force, fueled by technological change, as workers join non-agricultural sectors (World Bank, 2008). Especially in the early stages of agricultural development, revenues from productivity gains are needed for reinvestment in agricultural research and supply chain infrastructure (Timmer, 1988). This indicator also has strong relationships with different malnutrition burdens, with forms of undernutrition high where agricultural productivity is low and obesity higher where productivity is high, but micronutrient deficiencies persisting even among countries with very high productivity (Gómez et al., 2013). This indicator was also selected for the Global Nutrition Report 2015 typology (IFPRI, 2015).

Food environments are addressed in the typology through two variables. The first reflects the diversity of foods available in a country, measured as the percent of dietary energy from cereals, roots, and tubers (i.e., staple foods). A lower percentage reflects greater availability of nutrient-dense non-staple foods, which low-income countries achieve mainly through diversification of production, while high and middle-income countries achieve more through trade (Remans et al., 2014). This indicator was also incorporated in the Global Nutrition Report 2015 and HLPE report typologies (IFPRI, 2015; HLPE, 2017).

The second variable measures the number of supermarkets (per 100,000 inhabitants) within a country, which can signal the stage of development of a country's modern food retail sector, as well as the well-documented influence of supermarkets in driving upstream changes in food supply chains, including farming, distribution, and processing (Reardon et al., 2003; Reardon and Timmer, 2007). Growth in modern food retail also typically predates and facilitates transformation of food service operations to accommodate increased consumption of food away from home (Barrett C. B. et al., forthcoming). This variable was not included in either the Global Nutrition Report 2015 or HLPE typologies (IFPRI, 2015; HLPE, 2017). Due to its strong basis in the food system and nutrition-transition-related literature, it fills an important gap.

The final variable is urban population as a percent of total population. While this is an external driver of food systems within the framework adopted, here it is used as a proxy measure for consumer-related factors. Urbanization is a powerful demographic driver of change to the built food system, lengthening food supply chains, and shifting the composition of food retailers and food products (Satterthwaite et al., 2010; Reardon and Zilberman, 2018; Barrett C. B. et al., forthcoming). Urbanization is associated with dramatic changes in consumer behaviors, reflected in lifestyles (e.g., greater female workforce participation and food consumption away from home) and shifts in food preferences (e.g., increased purchase of prepared foods) (Ranganathan et al., 2016; Barrett C. B. et al., forthcoming). Lacking standardized data on important characteristics of consumers within food systems, including situational factors such as their time resources and mobility, urbanization was viewed as reasonable approximation, which likely correlates with these consumer factors.

An ideal set of indicators to reflect the core dimensions of a food system might include other variables that are not part of our typology. For example, while supermarkets are a driving force in food systems transitions, the size and nature of the informal food sector may also be an important characteristic that distinguishes different classes of food systems. Food safety, availability of cold chains, and more detailed information about food processing and other stages of food supply chains are likewise important features. However, most of these elements are not well-characterized and data are not routinely gathered. Therefore, we believe the indicators included in this typology are the best set presently available.

The four variables included in the typology were sourced from the World Bank, the Food and Agriculture Organization (FAO) Food Balance Sheets, and Euromonitor International in October 2020 (FAO, 2016; Euromonitor International, 2018b; United Nations Population Division, 2019; United Nations Population Division and World Bank, 2019; World Bank OECD ILO, 2019). The sample of 155 countries includes only those for which data was available for all of the indicators.



Technique for Classifying Food System Types

Food system types were classified using a relatively simple quantitative method, based on ranking and scoring countries for each of the four chosen indicators. More advanced statistical methods, including principal component analysis (PCA), cluster analysis, and latent variable modeling have been used extensively in developing typologies for distinct components of food systems. Several of these methods were tested, but did not perform well, primarily due to skewed distributions (particularly for agricultural productivity and supermarkets), which resulted in food system types consisting of a very small number of outlier countries. Logarithmic or inverse-rank based transformations are possible, but using only four input variables, these methods also typically result in a smaller number of clusters (or types). For the current typology, it was decided a priori that five food system types was optimal and that fewer would fail to capture the heterogeneity that exists within regions, for example, regionally in Africa, where the expert judgment of the study team was that more than a single country-level food system type predominates.

Countries were first ranked from highest to lowest on each indicator, under the hypothesis that higher values were associated with more “modern” food systems, and lower values more “traditional” food systems. The ranking was inverted in the case of the share of dietary energy from cereals, roots, and tubers, which is theorized to be lower in more modern food systems.

A score for each country was assigned based on the sum of its ranks on each of the four indicators. For example, if a country ranked 10th on agriculture value added, 15th on share of dietary energy from cereals roots and tubers, 17th on number of supermarkets per 100,000 population, and 8th on urbanization, it received a score of 50. Once scores were calculated for each country, all countries were sorted from lowest score to highest score. The typology was then created by separating the distribution of scores into quintiles, with the lowest quintile representing the most modern food system type and the highest quintile representing the most traditional food system type.

Using this method, countries are organized into food system types according to their rank-based position relative to each other, rather than the absolute values for each of the typology variables, and there are roughly an equal number of countries in each food system type (ties result in slightly different numbers per type). An alternative method could derive equal intervals from the sample distribution and score each country according to the interval it falls within, however, this method is similarly constrained by skewed distributions. It should be noted that classification based on relative rankings means that the absolute thresholds separating food system types will shift over time; for example, our typology methods will continue to assign countries with lower relative percentages of urban population toward the “rural” end of the typology, but as global trends in urbanization continue, this group will be much less rural than it was at baseline, and likely more similar to the urban food system types. Therefore, these methods are most appropriate for classifying food system types at a given point in time and may also be repeated within short-time frames (e.g., 5 years) to monitor how individual countries change position relative to each other. Monitoring longer-term changes will require revisiting the definitions of the food system types that make up the typology, recognizing that global shifts in the baseline characteristics will have taken place.

The HLPE report used a similarly straightforward method of classifying countries into three food system types, wherein countries had a “modern” food system type if they were above the median on all four typology indicators that report included, a “traditional” food system if they were below the median on all four, and a “mixed” food system if they had a mix of above and below median values (HLPE, 2017). In contrast, the Global Nutrition Report 2015 ranked countries on each of their three typology indicators, then color-coded them by quartile, and visually inspected the distributions to delineate five food system types (IFPRI, 2015). The method used here is closest to that used by the Global Nutrition Report, but has attempted to use a clearer, more specific method for separating out the five food system types.

Stylized descriptions were also prepared for each of the food system types, based on published literature describing food system transitions as well as comparisons of specific variables across the food system types, as presented in the Results. These descriptions were primarily meant to give a more user-friendly narrative to complement the typology, for practitioners and policy makers visiting the Food System Dashboard. They are shared in Appendix 2, Supplementary Material which are reproduced from the Cornell Atkinson—Nature Sustainability expert panel on “Innovations to build sustainable, equitable, inclusive food value chains” (Barrett C. et al., forthcoming).




RESULTS

After excluding countries with missing data, 155 countries were classified into five food system types: rural and traditional; informal and expanding; emerging and diversifying; modernizing and formalizing; and industrial and consolidated. These types are exhaustive and mutually exclusive. The countries included in the typology represent 97% of the global population, 93% of global land area, and 97% of global gross domestic product (GDP).

By design, the mean values for each typology variable follow a gradient from rural to industrial food system types, as shown in Table 2. These transitions are not linear. There are abrupt increases in agricultural productivity and supermarkets for modernizing and formalizing, and industrial and consolidated food system types, due to positive skewness in the distribution of those variables. As is common with typologies, some countries are located near the center of a given type, while others are closer to the margin between two different types. The similarities between food system types are evident by the overlapping interquartile ranges of urbanization, share of dietary energy from staples, and supermarkets.


Table 2. Summary statistics by food systems type.
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Most regions of the world are characterized by multiple food system types (Figure 2). While there is a general trend toward more modernized food system types from lower-income regions to higher-income regions, and the vast majority of countries in Europe and North America have industrial and consolidated food system types, most regions of the world have several different types, reflecting the different stages of food system transformation that can be found even among countries that are geographically close to each other. Latin America and the Caribbean contain four food system types and all five can be found in the Middle East.


[image: Figure 2]
FIGURE 2. Global distribution of food system types.


Industrial and consolidated food systems and modernizing and formalizing food systems account for a smaller share of the global population (13 and 11% respectively), yet occupy a larger share of global land area, while the other three types have a relatively larger share of the global population, with a smaller share of global land area (Figure 3). Nearly one-third of the global population lives in a country characterized as having a rural and traditional food system.


[image: Figure 3]
FIGURE 3. Population, land share, and GDP per capita by food system type.


The four typology variables are each highly correlated with income, as measured by gross domestic product (GDP) per capita, with Spearman correlation coefficients ranging from |0.76| to |0.90|. There are well-established associations between income growth and structural changes to agriculture, processing, food trade, retail, and demand-side factors (e.g., food preferences and consumer food budget shares), in addition to its associations with broader socio-demographic transitions (Timmer, 1988; Popkin, 1999; Reardon et al., 2003; Ranganathan et al., 2016). The relationship between food system type and GDP per capita is also evident in Figure 31, by the increase in bubble sizes from the more rural types to more industrial types.

The question may be asked therefore, what additional insight can the food system typology offer beyond income group classification? The relationship between income growth and structural changes affecting the food system are not as straightforward as they may seem. For example, while agricultural productivity gains were a cornerstone of the economic development achieved by the United States and many Asian and European countries, they have been neither necessary nor sufficient for many developing countries embarking on modern development pathways (Timmer, 1988; Gollin, 2010). Similarly, many African countries have rapidly urbanized without experiencing sustained income growth (Fay and Opal, 2000). As shown in Table 3, there is an obvious trend from rural to modern food system types, moving from low to high-income groups. Not all high-income countries have industrial and consolidated food systems, however, and middle-income countries are especially heterogeneous in their food systems. This food system typology offers a more nuanced characterization of national food systems than income groups would alone, using variables that more directly measure it.


Table 3. Food system typology vs. income group classification.
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Validating the Food Systems Typology

Given the parsimonious nature of the typology, and in the absence of a true “gold standard” measure of a national food system, determining the extent to which the typology could reveal patterns in other food system variables that were not included in its development may offer a qualitative means of validating the typology. Data related to a variety of food supply chain and food environment-related factors were gathered and compared across the five food system types, as shown in Figure 42.


[image: Figure 4]
FIGURE 4. Comparison of supply chain and food environment variables across the food system types. Note that outliers are excluded from graphs (A,C,D).


Average fertilizer consumption increased from rural and traditional to modernizing and formalizing food system types, leveling off with industrial and consolidated food systems. However, there was large variation especially among emerging and diversifying and modernizing and formalizing food systems, and significant overlap in the distributions across each type. These wide and overlapping distributions held true for the comparison of vegetable losses as well, indicating less distinction between food system types. However, there was still a general declining trend, which should be expected given that cold chains typically emerge alongside supermarkets and modern retail (Reardon et al., 2003).

Average annual growth from 2013 to 2018 in the retail value of ultra-processed food sales was highest in rural and traditional food systems, with a median of 4.7%, steadily declining to −0.6% for industrial and consolidated food systems, where it is lowest. Though the number of supermarkets in rural and traditional food systems is the lowest compared to other food system types, this group contains many of the countries where the growth in modern retail is happening fastest, which fuels growth in sales of ultra-processed foods. Even in rural areas where supermarkets have yet to be established, these foods may reach consumers through modern-to-traditional food supply chains (Gomez and Ricketts, 2013).

The affordability of a healthy diet was compared using the cost of a healthy diet, based on the minimum cost of following national food-based dietary guidelines, as a percent of national average food expenditure (FAO, 2020). Analysis in the State of Food Security and Nutrition in the World 2020 found that healthy diets were most unaffordable in the Global South and in low-income countries (FAO, 2020). Here, nearly all countries with rural and traditional food systems have a cost of a healthy diet that is greater than food expenditure, meaning that the average income households have available for food is not sufficient to follow food-based dietary guidelines. In contrast, other food system types, especially the modernizing and formalizing and industrial and consolidated food systems groups, have healthy diets that are almost uniformly lower in cost than average food expenditure.

Variables describing diet, nutrition, health, or environmental sustainability outcomes were not used in the classification of countries into different food system types. However, we examined patterns in these outcomes across the typology and whether they aligned with hypothesized linkages in the food systems and nutrition transition literature. These comparisons are presented in Figure 53. Note that dietary intake estimates presented are derived from modeling, in the absence of comparable dietary intake data across countries (GBD 2017 Risk Factor Collaborators, 2018).
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FIGURE 5. Comparison of diet, nutrition and health outcomes across the food system types.


Median estimated vegetable intake among rural and traditional food systems was 62 grams per day, the lowest among the five types, while intake in the modernizing and formalizing type was 196 grams per day, the highest, and about 20 grams per day greater than industrial and consolidated countries. It should be noted that the median vegetable intake is below the WHO recommendation of 200 grams per day across all food system types. In contrast, estimated average red meat intake increased steadily over the five food system types, with industrial and consolidated countries estimated to be consuming a median of 48 grams per day. These patterns are consistent with the correlation between income and the food system typology, and Bennett's Law, which states that as income increases, households diversify their diets, spending more of their income on non-staples, such as vegetables and red meat. There was a nearly linear decrease in the average prevalence of anemia among women of reproductive age from countries in the rural and traditional food system type to industrial and consolidated food systems. The prevalence of adult obesity began to climb first among informal and expanding food system types, then was relatively comparable across emerging and diversifying, modernizing and formalizing, and industrial and consolidated food systems. That the largest increases in obesity prevalence take place in the earlier stages of food systems transitions may reflect the changing nature of the nutrition transition, now taking hold in developing countries at an accelerated pace (Popkin, 2012).

Lastly, a set of environmental outcomes were compared across the five food system types (Figure 6)4. Data assessing the ecological footprint of food production were obtained from the Global Footprint Network5. This measures the amount of biologically productive land and water required for all of the resources harvested and waste generated by a country, including from primary production, the built-up surfaces that support food production, and land needed to absorb carbon dioxide emissions from food production6 (Lin et al., 2019). The median ecological footprint of production increases from rural and traditional food systems to industrial and consolidated food systems. Its variance is especially high among industrial and consolidated food systems with a skewed distribution, indicating the presence of some countries with especially high footprints, despite a median which is similar to modernizing and formalizing types.
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FIGURE 6. Comparison of environmental outcomes across the food system types.


Measures of the environmental impact of food consumption were also compared across the typology, relating to several planetary boundaries analyzed by the EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems, which define the safe operating space for food systems, including: climate change; freshwater use; and phosphorous and nitrogen cycling (Willett et al., 2019).

Greenhouse gas (GHG) emissions from food consumption are largely driven by animal-source foods, especially ruminant meat, which are more GHG-intensive than other foods (Poore and Nemecek, 2018; Willett et al., 2019; WWF, 2020). Therefore, the increasing trend in red meat consumption shown in Figure 5, panel b explains the gradual increase in GHG emissions from rural and traditional food systems to industrial and consolidated food systems. Variance within food system types partially results from heterogeneity in production efficiencies, due to varying production systems and management practices, with inefficiency also associated with higher GHG emissions. This is evident in the wide boxplots for rural and traditional, informal and expanding, and emerging and diversifying food systems, where inefficient low-productivity crop and livestock farming coexists alongside commercial farming. The smaller variance within industrial and consolidated food systems reflects the more uniformly commercial objectives of farms, with tighter profit margins that require more homogenous management practices and use of technology (Coelli, 1995).

Similarly, per capita water use from food consumption shows a positive trend from rural and traditional to industrial and consolidated food systems, which partially reflects the increasing volume of consumption and higher consumption of animal-source foods, which have a higher average water footprint than grains and most other plant-based foods (Hoekstra and Chapagain, 2007; Mekonnen and Hoekstra, 2010, 2011). Water withdrawals in more traditional food systems are primarily directed toward grains, though poor irrigation technology can result in higher evaporative losses, which may explain why many countries in rural, informal, and emerging food systems still have high water use per capita from food consumption (Jägermeyr et al., 2015).

Eutrophication from food consumption, measured as grams of phosphate equivalents per person, demonstrates the clearest pattern of increase along the typology. Nitrogen and phosphorous fertilizers, when used in excess, lead to runoff of these nutrients into streams, rivers, and coastal ecosystems, where they cause eutrophication, reducing oxygen levels and eventually causing dead zones to form, where aquatic life cannot survive (Diaz and Rosenberg, 2008). Fertilizer application is unevenly distributed globally. Industrial and consolidated food systems, as well as rapidly growing agricultural sectors in emerging and diversifying and modernizing and formalizing countries, have used fertilizer as a means of increasing yields and meeting food security objectives, often in excess of crop nutrient removals, while in many rural and traditional food systems, fertilizer application is still insufficient to restore nutrient-depleted soils (Vitousek et al., 2009). This partially explains crop yield gaps, as well as the pattern in eutrophication from food consumption we see in the food system typology.




DISCUSSION

The complexity of food systems is evident in the conceptual frameworks that seek to depict them, which describe seemingly infinite elements, processes, and actors, and the interactions among them. The food system typology presented here provides a tool for reducing some of this complexity in the analysis of food systems. It does this first by classifying similar country-level food systems into mutually exclusive types, which can be compared as groups rather than carrying out large series of comparisons of individual countries. Second, it provides a composite characterization of food systems through use of a parsimonious set of variables that correlate well with other food system characteristics, which may be easier to compare than a large number of individual variables, when the goal is to compare food systems broadly, as systems rather than individual components.

The methods used produced a typology of five distinct food system types. A core set of four variables were purposefully selected to represent the key components of food systems, and a simple classification technique, using rank-based quintiles, separated 155 countries into these five types. The method of validation involved comparing the five food system types on other food system characteristics not used in the construction of the typology, and a range of diet, nutrition, health, and environmental sustainability outcomes. For the majority of between-type comparisons on these indicators, there was a reasonably limited amount of overlap between interquartile ranges (displayed in boxplots) and the patterns in median values aligned with relationships put forth in food systems transformation and nutrition transition literature.

In contrast with previous typologies developed in the fields of agriculture and food systems (noted in Table 1), this typology reflects the full set of related components that make up a food system, including supply chains, food environments, and consumers, to avoid overreliance on any individual component on its own. By utilizing quantitative methods for classification, it also provides an alternative to conceptual typologies, producing empirical cases that may be compared and utilized in statistical analyses. These quantitative methods also allow a more concrete assessment of how well-certain countries fit into a given type, whether they are located in the center of that type (i.e., the middle-range of an indicator distribution) or whether they are more on the margins. Two relatively recent typologies for food systems—the 2015 Global Nutrition Report and the HLPE Food Systems and Nutrition Report—also used similar quantitative methods (IFPRI, 2015; HLPE, 2017). However, this typology adds key dimensions that were not included in those previous typologies, particularly the size of the modern retail sector, as indicated by quantity of supermarkets, which has well-documented upstream and downstream influences on food systems. It also presents a more straightforward, transparent method of classification and attempts to systematically validate the typology through comparisons with a range of other variables.


Case Study: Positive Deviance in Mediterranean Food Environments

The typology groups together food systems that are relatively similar. However, meaningful heterogeneity still exists within these groups on individual characteristics, and one possible way to learn from the typology may be to identify cases of positive deviance. Ultra-processed foods are formulated by combining cheap, industrial sources of dietary energy and nutrients with additives meant to enhance palatability and convenience for consumers. They are energy-dense, often high in added sugar, salt, fats, and oils, and have been associated with obesity and cardiovascular disease (Monteiro et al., 2019). Industrial and consolidated food system types are likely to have the highest availability of ultra-processed foods (measured in our dataset as retail value of sales per capita), due to the influence of modern retail, among other drivers.

However, deeper analysis into the countries included in this group reveals that this is not uniformly true. Cyprus, Greece, Italy, and Spain all rank in the bottom 25th percentile, with ultra-processed food sales < USD $550 per capita, while countries above the 75th percentile, such as the United States, are roughly double this amount (Euromonitor International, 2020). An obvious commonality among the countries toward the lower end of this distribution is their concentration in the Mediterranean region. Unique features of the Mediterranean food environment have been hypothesized to contribute to adherence to the Mediterranean diet, including a diversity of food store types, such as food markets and small, specialized vendors of fruits and vegetables, fish, and other foods (Díez et al., 2019). Therefore, despite these countries still having high availability of supermarkets, consumers have a range of other options to choose from when shopping, which may enable easier access to foods that are typical of the Mediterranean diet, while limiting their exposure to ultra-processed foods commonly found in supermarkets.

Further analysis may also seek to identify differences in food-based dietary guidelines and other food-related messaging between countries with high vs. low ultra-processed food sales. For countries in transitioning food systems, which are yet to fully industrialize and consolidate, these analyses may yield helpful lessons about the potential risks and benefits of different food system transformation pathways, their effects on the make-up of food environments, and possible implications for diets.



A key limitation for the typology has been the spatial granularity of the data it is based on. Multiple food system types may coexist within a country. With more disaggregated data at the region or district-level, for example, the typology could also be implemented sub-nationally and may reveal some of this heterogeneity. However, lacking access to that subnational data, the typology could only be applied at the country-level and is therefore better interpreted as a characterization of the predominant food system type within a country and not the type that applies uniformly to all areas of a country. It may be of great value in the future to collect standardized indicators at finer spatial scales and more frequently in order to facilitate more granular characterization of food systems and cross-locational learning.

Another limitation is the extent to which the food system typology may explain patterns of environmental sustainability-related outcomes. The conceptual framework adopted sought primarily to depict food system elements and relationships that influence diet outcomes. While diets are extremely relevant for environmental outcomes, and shifting dietary patterns is a key lever for remaining within planetary boundaries, there are other key dimensions related to the production possibilities of land and natural resource availability that vary spatially, over agro-ecological zones and regions, and those are not incorporated in the construction of the typology.

Lastly, due to our use of relative rankings to score and classify countries, attempts to re-classify countries in the future will result in roughly the same number of countries within each food system type, but definitions (i.e., typology indicator ranges) that have shifted. Over a long period of time, these shifts from the baseline measurement may be so great that they warrant a re-assessment of the definitions of each food system type. Other indicators may also emerge in the future that reflect dimensions of the food system that have taken on new relevance.

This typology may serve as a useful tool for policymakers who are in the early stages of articulating food systems strategies for improving human and planetary health outcomes. It does this by providing a more targeted sample of countries from which national stakeholders can draw helpful comparisons. Successful policies and programs in countries identified as having the same or similar food system types may stand a greater chance of having positive impacts in their own context; in contrast, comparisons among a sample of unclassified countries may be less helpful due to the larger systemic differences that exist, even among countries from the same region. Policymakers may also use the typology to weigh the advantages and disadvantages of different food system types and identify benchmarks that can provide targets for future progress. For example, an analysis of vegetable intake could be conducted among countries in the same or neighboring food system types that would allow policymakers to identify policies, investments in socio-technical innovations, or other food system factors that have enabled some countries to achieve higher intake. This could similarly accelerate the exploration of barriers to vegetable intake in countries with weaker performance. Two case studies accompany this article to illustrate further the ways that the typology may facilitate policy analysis.

Transitioning toward the modern pole of the typology is not exclusively associated with desirable outcomes, as evidenced by the higher burden of obesity and larger environmental footprint of industrial and consolidated food systems. This typology should be used in parallel with more local context analysis, and more in-depth analysis into specific bottlenecks, in order for policymakers to chart optimal pathways of food systems transformation toward healthier, more sustainable diets.


Case Study: Cross-Country Comparisons of Vegetable Losses

The typology may also enhance learning from cross-country comparisons. As an example, Guinea-Bissau and Burkina Faso are both classified as having rural and traditional food system types and both are located in the West Africa region, with tropical climates, but they differ significantly in their performance on vegetable losses. In 2018, Guinea-Bissau experienced a post-harvest loss of 18% of the total vegetables it produced domestically and imported, while Burkina Faso only lost 6.8% (Food Agriculture Organization, 2018a,b). Exploring the reasons for this difference can be aided by the typology, which ensures comparisons within food system types that are more “apples-to-apples,” meaning that large structural differences are less likely to exist within two countries from the same group, and that differences that do exist may be more modifiable in shorter time periods.

Guinea-Bissau and Burkina Faso find themselves in relatively similar positions within the agricultural development process, with agricultural sectors that contribute a large percentage of national GDP and employ the majority of the labor force, which is made up primarily of smallholder farmers. Agricultural revenues are concentrated in single commodities in both countries, with 95% of Guinea-Bissau's exports coming from cashew nuts (Paviot et al., 2019) and 60% of Burkina Faso's agricultural exports made up of cotton (World Bank, 2017). Development strategies in both countries are focused on improving agricultural production as well as investing in infrastructure for better market access, with weak roads and limited access to electricity in rural areas posing as critical bottlenecks for growth.

Diversification of agriculture is also a priority in both countries, though Burkina Faso may have a head start. In recent years, it has experienced improvements in mango and onion yields, and has established itself as an exporter of these products to neighboring countries as well as international markets. These exports could grow further as Burkina Faso continues to invest in its “growth poles,” designated geographic areas where key infrastructure (electricity, irrigation, roads and railways) are brought together to strengthen value chains (IFC, 2019). Vegetable yields in Burkina Faso are also 9.8 tons per hectare, compared to 6.2 tonnes per hectare in Guinea-Bissau, and a regional average of 5.7 tons per hectare (FAO, 2020). These signs could point to a more market-oriented agricultural management approach that is taking hold in Burkina Faso, which may also work to reduce vegetable losses. Meanwhile, there are unique challenges Guinea-Bissau may be faced with, including a climate that is relatively more humid compared to the savannah regions of Burkina Faso, and climate change related shocks, including floods, that threaten its agriculture and infrastructure (Paviot et al., 2019).

No easy answers emerge from a desktop comparison of countries, however the typology can help point to areas that are worth exploring more in-depth. Vegetable losses may be affected by a range of agro-ecological and management-related factors, and policies and actions that have been successful in one country—be they large-scale infrastructure investments or incentives offered to smallholders—may be worth considering in countries within similar food system types. More contextualized analysis in-country is needed to identify these levers and evaluate their feasibility.
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3Data sources: World Health Organization (2016); Abarca-Gómez et al. (2017); GBD 2017 Risk Factor Collaborators (2018).

4Data sources: WWF (2020); Global Footprint Network (2021).

5https://www.footprintnetwork.org/

6Ecological Footprint is measured in units of global hectares, which weights land according to biological productivity, thus enabling comparisons across different land types.
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