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Abstract

Whereas most indicators for food systems performance only focus on outcomes, we explore the prospects
for a kind of food system index (FSI) that tries to capture several key components that influence differences
in food system performance at the country level. We outline the theoretical foundations and methodological
approach underlying the FSI framework and illustrate its relevance for understanding major food system
characteristics. We therefore focus on major FSI differences between regions and types of countries, and
compare FSI outcomes across different types of food systems and in relationship to other indicators of
change in the rural and economic structure. We explain the potential of the FSI framework for identifying
more coherent food system policies but also acknowledge the challenges for its further operationalization.’

Keywords: Food system, index approach, country comparison, typology, policy coherence.

" This paper has been published in Food Security, August 2021, https://doi.org/10.1007/s12571-021-01192-6



https://doi.org/10.1007/s12571-021-01192-6

Exploring a food system index for understanding food system transformation processes

1. Introduction

Within the framework of the preparations for the upcoming United Nations (UN) Food Systems Summit in
2021, there is growing interest in approaches that enable the assessment of driving forces of food systems
transformation pathways and their implications for the Sustainable Development Goals (SDGs). To support
the discussion on different programmes and investments required for food system transformation, we
engaged in the development of a food system index (FSI) to characterize how countries perform on different
key indicators concerning food system drivers, components and outcomes.

Food systems include all elements and activities related to the production, processing, distribution,
preparation and consumption of food; the market and institutional networks for their governance; and the
socio-economic and environmental outcomes of these activities (HLPE, 2017). Food systems analysis is
based on systematic appraisal of different underlying processes that influence food availability, access and
utilization, as well as a detailed analysis of the roles of different stakeholders involved. It requires a
thorough understanding of the structure of a food system and the dynamics of food system changes over
time and space in relation to predefined societal, environmental or distributional goals (Ruben et al., 2019).

An effective food system provides food security and nutrition for all people in a sustainable manner and is
essential to promote and maintain the well-being of people and the resilience capacity of the planet. Food
security, as defined by the Food and Agriculture Organization (FAQO) (CFS, 2014), traditionally has four
pillars: availability, access, utilization and stability. These pillars contribute to three types of outcomes in
terms of nutrition, sustainability and livelihoods that provide the foundations of a desirable food system.
Food systems are key to achieving several SDGs.

Whereas several efforts have been made in the past to develop particular indices for measuring food
security, hunger and nutrition, until now limited attention has been devoted to the design of an index that
captures more comprehensive aspects of food systems and covers in a coherent manner the linkages
between multiple components of food production, food distribution and food consumption (Bene et al.,
2019). Moreover, differences in food system performance are related to other transformative processes in
the economic structure and in the rural society. An FSI will also help to better understand how public
policies and private sector investment can influence the performance of the food system.

The main aim of this article is to identify the prospects for an integrative approach to capture the main
features of food system performance at country and regional level, and to identify how food system
transformations are related to other structural changes in the economy and in the agricultural sector. This
may contribute insights into the driving forces and constituencies that influence the structure and dynamics
of the food system. It also reveals the complexities of food system analysis and highlights priorities for
further analysing food system transformation processes.

As the result of very useful international initiatives for systematic data collection on key components of food
systems — mainly led by the Rome-based UN agencies, the World Bank and several private sector agencies
(Barilla Centre, World Business Council for Sustainable Development, World Economic Forum) and civic
organizations (Oxfam UK, Welthungerhilfe Germany), there is increasing attention given to understanding
the driving forces of food systems change which therefore requires accurate and consistent food and
nutrition data. Data with periodical updates is not always common and time series data still remain rare. The
recently launched Food Systems Dashboard (GAIN and John Hopkins University, 2021) makes laudable
efforts to bring together data from different sources and several food system components (Fanzo et al.,
2020).

Based on these previous efforts and ongoing initiatives, it is considered increasingly important to be able to
track and trace differences in food system performance between countries and regions and to understand
how structural factors and policy priorities may influence food systems outcomes. The FSl intends to relate
food systems drivers and components to food system outcomes at country level where major decisions on
food policies and investments are taken. We need a thorough understanding of the linkages, feedbacks and
interconnections between food system components to be able to trace the effects of more coherent public
and private action.
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The analytical basis for the FSI is grounded in the seminal High-level Panel of Experts (HLPE) food
systems report (2017) that introduces a clear distinction between (exogenous) food systems drivers and
(endogenous) food system outcomes. It identifies three core food systems components: food production
and food markets, the institutional food environment, and food consumption and nutrition. This traces back
to key aspects of food availability (supply of sufficient food), food access (through different distribution
channels) and food utilization (adequacy of consumptive intake and dietary diversity). Other aspects related
to stability (resilience of food systems against climate or market shocks) and affordability (relative prices of
food compared to incomes, as well as food price volatility) are becoming increasingly important and should
be included in subsequent versions.

The FSl intends to enable the assessment of food system structure, behaviour and performance of
individual countries, and of groups of countries, located in particular regions (Africa, Asia, Latin America),
according to their development stage (low, middle- and high-income countries). Moreover, the FSI
outcomes can be compared to other indicators of system change in areas such as socio-economic
integration as well as adjustments in the agrarian and rural structure. Other comparative analyses that can
be made in perspective through the FSI framework refer to differences with respect to the coherence of
food systems policies, the impact of public and private investments, and the comparison of diversity of food
systems between (and within) countries.

An FSI that simultaneously captures different indicators can be useful to compare countries and regions,
and monitor and track their progress toward improved food systems. It may thus support policymakers to
adequately focus policy interventions and it could offer guidance to private agents to identify investment
opportunities for improving food systems. Moreover, it can become a tool to assess structural deficiencies in
food systems that ask for deliberate (inter)national action.

Our analysis is structured in five consecutive steps. Firstly, we outline the underlying principles for the FSI
approach and discuss its methodological foundations (section 2). Secondly, we define six key FSI
dimensions that characterize food systems performance and identify the main indicators for their
measurement (section 3). Thirdly, we look at differences in FSI performance between categories of
countries and geographical regions to assess its usefulness (section 4). Fourthly, we aggregate the different
FSI dimensions into a single index to enable a comparison between different types of food systems (section
5). Lastly, we show how FSI performance relates to wider aspects of economic and agrarian change and
identify the linkages to food system transformation (section 6). We conclude with a discussion on the
prospects for using the FSI framework to better understand policy coherence for food systems
transformation and outline the challenges for its further operationalization (section 7).

2. Criteria for an integrative food systems approach

For the initial development of the FSI, we started with an inventory of publicly available data sets that are
related to the key dimensions of the HLPE (2017) food systems framework and can be derived from
international initiatives on SDG progress tracking. Hereafter, we looked at pre-existing indices developed by
different agencies in recent years to assess their relevance for aspects of food systems performance and
change. Based on this information we were able to develop a set of key requirements that the FSI should
meet to address the before-outlined analytical and policy challenges.

For the selection of indicators, it is important to consider the general methodological guidelines for
“SMART” criteria. Indicators should be Specific (also avoiding multicollinearity between indicators),
Measurable (registering major achievements), Available and achievable (within reach of key stakeholders),
Relevant for policymaking, and Time bounded (within a realistic timeframe for change). Moreover, practical
considerations related to data availability and efficiency need to be considered.

Regarding the availability of cross-country data sets on food and nutrition, substantial progress has been
reached in terms of standardization and coverage (Allee et al., 2021). Global information on dietary intake
and nutrition (and related health outcomes) has become widely available from the UN, FAO, World Health
Organization (WHO) and Global Nutrition Report. Less data are gathered concerning critical components of
diets, including diversity, stability and affordability. Country-level data on food production and trade (food
balance sheets) are accessible, but accurate data on (relative and absolute) food prices and food outlet
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choices by consumers are still scarce. Information on crop yields, input use (fertilizer and irrigation),
average farm size and agricultural employment is still based on rather rough estimations. Recent data on
global food system drivers (such as urbanization, population growth, climate change, trade and poverty) are
readily available from international agencies (Intergovernmental Panel on Climate Change, World Bank,
World Population Council, etc.).

Several concerted efforts have been made to bring together indicators on critical aspects of the food system
(see Table 1 for an overview). Notwithstanding their relevance for particular purposes, most indices have a
specific focus (either nutrition, poverty or climate) and are limited in their geographical coverage (and
usually focus only on developing countries). Moreover, these indices are produced for a particular audience
(nutritionists, food businesses, donor agencies) and therefore rarely capture interactions between different
components of the food system. Finally, several indices are not regularly updated and therefore have
limited time sensitivity. The recently published Food Systems Dashboard (GAIN and John Hopkins
University, 2021) is, in this respect, a notable positive exception.

Table 1
Overview of indices for food security and nutrition

Coverage

Initiative Goal Agency (# of countries)

Global Nutrition
Report

Global Hunger Index

Global Food Security

Index

Access to Nutrition
Index

Food Sustainability
Index

Global Food Index

Health & Nutrition

Commitment Index

World Obesity

What the World Eats

Our World in Data

Status of malnutrition around the world
(stunting, wasting, overweight)

Comprehensive measure and track hunger
at the global, regional and country levels

Drivers of food security — considering
affordability, availability, quality and
resilience — across both developing and
developed countries

Rating food and beverage manufacturers’
nutrition-related policies, practices and
disclosures worldwide on a recurrent basis

Food system sustainability across three
categories: food loss and waste,
sustainable agriculture and nutritional
challenges

Best and worst places in the world to eat,
and challenges for getting enough of the
right food (sufficiency/affordability/obesity)

Ranking governments on their political
commitment to tackling hunger and
undernutrition

Drivers of obesity, the impact of obesity
and actions to prevent and manage
obesity

Changes in consumption patterns over 50
years (in grammes and calories per
person)

Diet composition and food prices;
undernourishment and micronutrients

Development initiatives 2013-
2018

Concern Worldwide and
Welthungerhilfe 2006-2018

The Economist Intelligence
Unit 2012-2018

ATN Foundation 2013-2016-
2018

Barilla Centre for Food and
Nutrition with The Economist
Intelligence Unit 2018

Oxfam 2018

Institute of Development
Studies 2013

Global Obesity Observatory
2018

National Geographic (based
on FAOSTAT) 1961-2011

Oxford Open Data Lab — Max
Roser 2000-2017

141 countries

119 countries

113 countries, 28
indicators

22 food and
beverage
manufacturers
operating in 200
countries

67 countries, 38
indicators, 90
metrics

125 countries

45 countries, 14
indicators

EU Member
countries

22 countries and
global

157 countries and
regions

Source: Authors own compilation

As can be noted, most of these indicator frameworks take hunger and malnutrition as their starting point,
sometimes also including attention on the dimensions of sustainability and inclusion. Some indices are
particularly focused on food loss and waste, micronutrient deficiency or changes in diets or consumption
patterns over time. Most indices focus on changes in a single indicator and devote little attention to
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relationships between different indices. Few indices have global coverage and pay attention to food
governance, and private sector food and business practices remain fairly limited.

Based on these experiences, the design and operationalization of a new FSI that can be used for country
comparison and the identification of leverage points towards food system transformation should respond to
the following set of criteria:

e The FSI should include all countries (UN member states, both developing and developed countries)
that provide regular information, to enable cross-country comparison.

e The FSI needs to be based on publicly accessible data that is validated by respected international
agencies.

o The FSI needs to use simple indicators that represent key dimensions of the food system and are
collected on a regular basis.

e The FSl indicators should be sufficiently sensitive to change over time.

e The FSl indicator framework should be able to capture key aspects of the food system, ranging from
drivers (inputs) to components (throughput) to outcomes (output and impact).

e The FSI can be used for description and analysis of the food system structure, conduct and
performance.

o The components of the FSI permit an understanding of the linkages between drivers and outcomes of
food system transformation.

To respond to these multiple challenges, the FSI cannot be considered as a mere tool, but should be
regarded as a theory-based understanding of food systems change. Based on knowledge and
understanding of (partial) relationships between the different aspects and components of the food system,
some main indicators can be selected that represent relevant proxies for the key food system dimensions
(and can also be modified if theory asks for it).

3. Framework for FSI development

For developing an FSI that responds to the before-mentioned criteria, it is necessary to use transparent
procedures that guide its construction, calculation and maintenance. Since the FSl is intended to be used to
assess country-wide food systems status and to trace progress in food systems transformation, we need a
relatively simple but sensitive set of indicators, preferably without applying any deliberate ex ante weighing.
Important FSI properties refer to its relevance in different contexts and its potential use for priority setting
and decision-making on (public and private) investments that contribute to better-performing food systems.

The FSI design is based on three interrelated aspects: (i) structural factors that drive food systems; (ii) food
systems components that reflect activities of food system stakeholders; and (iii) multiple food system
outcomes including the likely trade-offs between them. These three aspects are derived from the structure-
conduct-performance (SCP) framework originally developed by Bain (1959) as an analytical tool to assess
the influence of external (market and institutional) drivers for decision-making on product and process
innovations. Structural drivers comprise exogenous trends in population growth, economic growth, climate
and technology change that simultaneously influence the performance of all food system components (e.g.
production, distribution, consumption and governance). Performance attributes capture outcomes of food
system behaviour in terms of nutrition, environment, inclusion and equity (see Figure 1).
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Figure 1: Structure-Conduct-Performance framework for food systems analysis

We apply this SCP framework to the food systems transformation process by focusing on changes in food
systems components and outcomes. Therefore, we need to identify relevant indicators that capture most of
the important adjustments. Since structural drivers are considered as exogenous factors (only subject to
long-term change) these indicators are less suitable to characterize the policy space for food systems
transformations. Instead, we include the dimensions of domestic food production, trade, consumption and
policies to reflect the solution space as determined by different structural, demographic, technological,

macroeconomic and environmental drivers.

Most attention is given to the components that characterize food system dynamics in terms of access,
availability, affordability and attractiveness for (public and private) investments. The interactions between
these components of food production, food markets and trade, food consumption and the food governance
structure influence the activities by different stakeholders and their capacity to respond to shocks, thereby
shaping opportunities for food system adjustment.

The outcome dimensions focus on the triple burden of malnutrition but also include implications for climate
and the environment. Given the scarcity of data on income and wealth distribution, we opted to address
inclusiveness outcomes as part of the food consumption component. If more appropriate data become
available, new FSI versions should consider (changes in) land distribution (Gini ratio) or smallholder
production shares as part of the food system outcomes.

Table 2 shows the key dimensions that represent food system components and outcomes and the selected
indicators that illustrate the performance of each of these dimensions. All indicators are taken from publicly
available sources and scaled between 0 and 100 to bring them to identical terms.? We rely on unweighted
aggregation, which means that each indicator has the same weight within a certain dimension, and that all
dimensions are equally valued. The presentation of these outcomes in spiderwebs for individual countries
and different categories of countries allows for comparison.

2 The rating from 0 to 100 for each indicator is determined by the following formula: ((country’s individual score on the indicator
minus the lowest score on the indicator)/(highest score minus lowest score on the indicator))*100. With this formula, the country
with the highest score rates 100 and the one with the lowest rates 0, with all other countries in between, relative to their distance
from both the lowest and highest scores. Some dimensions are made up of two, others of three or more indicators. The overall
rate on a dimension is the unweighted average of indicators. Given that some indicators suggest better performance as the
value of the indicator decreases (e.g. import tariffs, stunting, wasting), the scales for these indicators are inverted, such that
increasing scores indicate more desirable outcomes for all variables.
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Table 2

Food systems index: Dimensions and indicators

Dimension

Indicator

Source and data used

Food system components

Food production (availability)

Food markets and trade
(accessibility)

Food consumption
(inclusiveness and affordability)

Food governance (public

Arable land per capita

Average yields (cereals, pulses, roots and
tubers, milk and poultry meat)

Consumer price index

Import tariffs (simple average of agriculture
and food products)

Road network (road density)
Income per capita
Gini-index of income inequality

Poverty rate (% of population below poverty
line of US$1.90)

Ease of doing business index

FAOSTAT, 2017; 2019 data
FAOSTAT, 2018 data

IMF, 2018 data
WTO, 2019 (2018 data)

CIA World Fact Book, various years
World Bank WDI, average 2015-2018
World Bank WDI, various years
World Bank WDI, various years

World Bank, average 2019-2020

policies and private investment)

Food system outcomes

Nutrition and health outcomes World Bank/UNICEF/WHO, 2016 data
World Bank/UNICEF/WHO, 2016 data

World Bank/UNICEF/WHO, 2016 data

Child stunting/wasting
Overweight children/adults

Micronutrient deficiencies (% anaemia among
women of reproductive age)
Climate and environmental
resilience outcomes

Climate adaptation performance University of Notre Dame ND-GAIN,

2017 data

Note: FAOSTAT = Food and Agriculture Organization of the United Nations Food and Agriculture Statistics; IMF = International
Monetary Fund; WTO = World Trade Organization; CIA = Central Intelligence Agency; WDI = World Development Indicators;
WHO =World Health Organization; ND-GAIN = Notre Dame Global Adaptation Initiative.

We refrain from a separate specification of the structural drivers since these are largely reflected in the
behaviour of the different food system components. Changes in demographic structure and economic
growth tend to increase commercial food demand and reinforce food markets, and urbanization translates
into a larger number of net food buyers (Vandercasteelen et al., 2018). On the other hand, while progress in
technologies and investments in infrastructure will support food production and processing for greater
domestic availability, weather variability and climate change have adverse effects on food production and
also enhance volatility in food markets (Christiaensen & Todo, 2014).

The reliance on indicators and dimensions with equal weights has implications for the analytical structure of
our analysis. Since there are no ex ante criteria to justify any weighting, we give equal importance to food
supply, food production and the food environment components. This does not mean, however, that certain
type of interventions could be more or less effective for reaching particular food system outcomes.
Moreover, we acknowledge that budgetary implications of particular measures are widely different and such
costs also influence policy choice. We are well aware of these limitations, but believe that results will vary
only slightly, since our analysis does not focus on food system changes at the level of individual countries,
but rather makes an aggregated analysis between categories of country.

The construction of the FSI is based on the identification of data sets that are publicly available and
sufficiently representative for each of the dimensions. The selection of indicators is guided by conceptual
and empirical research concerning interactions between relevant food system components (Brouwer et al.,
2020; Ruben et al., 2019). In the following, we discuss the rationale for each of the six FSI dimensions and
the choice of related indicators.

At the component level, food production and domestic food availability are influenced strongly by the quality
of natural resources (land, water) as well as the technical capacity for improving potential yields. The latter
is usually a function of input use (seeds and fertilizers, facilitated by access to rural credit) and external
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infrastructures (irrigation, mechanization) that in turn shape rural labour absorption and agricultural land and
labour productivity. Taken together, land use and yields can be considered as key underlying factors for
rural incomes and domestic food supply (Zhou and Staatz, 2016).

Food markets and food trade are critical to accessibility and affordability in physical and in economic terms.
Prices of key food items depend on local production and trade. Nutrient-dense foods such as fruits,
vegetables and some animal-based foods are generally too expensive for local buyers. Imports could
improve availability, whereas import tariffs stimulate domestic production (Hirvonen et al., 2019). Moreover,
higher coverage and better quality of road networks reduce transport and transaction costs as well as trade
risks. Trade reinforces linkages between rural and urban areas and enables better access to food for poorer
households, but also enhances the consumption of processed foods (usually sold in supermarkets) that are
associated with a growing incidence of overweight and obesity.

Food consumption and affordable diets depend strongly on food prices and household income and are
therefore related to both the level of income (i.e. higher food demand and lower food expenditure share with
rising incomes) as well as the distribution of incomes (shown in the Gini index). People and households
living below the poverty line represent a critical category that is likely to face shortages in major nutrients
and is thus extremely vulnerable to stunting and wasting (Cicera and Masset, 2010).

Adequate indicators for public policies and private investments are usually difficult to find (Hospes and
Brons, 2016). The World Bank’s ease-of-doing-business index provides a commonly accepted indicator that
captures differences in rules and regulations for starting and operating mainly small- and medium-sized
types of enterprises. It also includes aspects like the security of property, corruption (bribery) and legal
frameworks for contract enforcement that are critical for enterprises in the food value chain.

At the outcome level, there is broad agreement on the indicators used to measure stunting and wasting,
overweight and obesity, and micronutrient deficiencies. Progress on these indicators is reported annually by
organizations like WHO, FAO, Scaling Up Nutrition and the Global Alliance for Improved Nutrition (GAIN). It
should be noted, however, that these outcomes are not caused exclusively by food system failures, but are
sometimes also influenced by political turmoil or local conflicts. Moreover, there are important differences in
nutrition between and within categories of household that are explained by gender, location (urban/rural),
age, wealth, education and household size (Sassi, 2020; Kennedy and Peters, 1992).

Environmental and climate outcomes of food systems should pay attention to short-term variability and
long-term resilience. There is an abundance of environmental indicators developed by the
Intergovernmental Panel on Climate Change, World Resources Institute and others that mostly look at
climate adaptation. The University of Notre Dame developed a global adaptation index for 177 countries
that captures both vulnerability and response capacity. It should be noted that this index mainly reflects the
impact of climate on food supply, with less emphasis on the influence of diets on climate (Chen et al.,
2015).

For the cross-country analysis, we use the individual components that do justice to the multi-dimensional
nature of food systems (Allee et al., 2021) and mirror the conceptualization of multidimensional poverty.
However, for the ranking of countries and the comparison of food system transformation with other
structural change processes, it is attractive to have an aggregated index at our disposal. Therefore, we
group countries into low, medium and high FSI performance based on the interactions between food
production, food trade, food consumption and food governance (HLPE, 2017: GLOPAN, 2016).

In the future, we would like to be able to include indicators for two frequently overlooked cross-cutting
dimensions, namely the formal and informal markets (Delaney et al., 2018) and the gender-disaggregated
access to food (Malapit et al., 2020). While the former refers to the relationships between large and small
stakeholders and their incidence on food governance arrangements, the latter looks at bargaining
differences between agents and particularly considers inequality by gender, age, ethnicity or other individual
or group characteristics and their impact on nutrition and diets (D’Odorico et al., 2019; Harris et al., 2020).

Otherwise, we would like to identify some composite indicators that capture simultaneous changes in food
production, distribution and consumption. Variables such as the food share in household expenditures
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(which tends to decrease with higher levels of economic development) or the market purchase of food
products (related to higher urbanization and more specialization) may be options to consider.

4. Comparative appraisal of country FSI performance

As a first test to assess the validity of the index, we apply the FSI by comparing the values of its six
dimensions (see Table 2) for (groups of) countries at different stages of economic development. The
country scores were determined for all six dimensions, and scores of countries belonging to the same
income group were added together and divided by the number of countries belonging to the group, to
determine an average performance. Figure 2 shows major differences between low- and high-income
countries, where low-income countries score less well on almost all dimensions of the food system.

Food production

100
80
Climate and
. 60 Access to markets
environment 40
0
&
Nutrition and health Food consumption

Policy enabling
environment

—| OW Lower-middle Upper-middle High

Figure 2: FSI performance by degree of economic development (Country groups ranked by gross
domestic product per capita; World Bank country classification by income level, 2019)

Low-income countries generally have a strong food demand and limited production capacities; these are
likely to indicate a higher food import dependence. Also, access to food markets scores low. These scores
indicate a fragile food security situation in general for this group of low-income countries. The low-income
group’s vulnerability to sudden food price increases is illustrated by the low score on food consumption
inclusiveness, as a substantial share of the population lives below the poverty line. Low scores on the food
security indicators are accompanied by a poor ranking on the policy enabling environment dimension,
emphasising weak institutional capacities to enhance business activities and protect property rights (a key
condition for making productive investments).

There is remarkably little difference with the high-income countries when it comes to score on the nutrition
and health dimension. This can be explained by the fact that while low-income countries face high scores
on child stunting/wasting and micronutrient deficiencies, many of the high-income countries increasingly
suffer from child and adult obesity. These two opposing trends may substitute for each other during the
process of economic development.

Figure 3 shows the FSI results for six different geographical regions. Scores for sub-Saharan Africa reflect
those of the low-income countries group shown above, while those for North America and Europe are in line
with the high-income economies. Food systems in East Asia score higher on public policy involvement and
inclusiveness, whereas Latin America is strongly developed in terms of infrastructure and accessibility but
also suffers from being more susceptible to climate change (related to large-scale deforestation), as do all
regions except North America and Europe.
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Figure 3: FSI performance by macro-regions

5. Using the FSI to distinguish different food systems
archetypes

We can now use the FSI to link country-level FSI scores with different types of food systems to enable a
comparative analysis of food systems. For this purpose, an average FSI was calculated for each country by
determining the (unweighted) average score of all six dimensions of the index. Subsequently, an
unweighted average index for the country category was determined.

The HLPE (2017) report makes a differentiation between three types of food systems: traditional, mixed
(transitional) and modern. This classification is based on two dimensions: the food environment and food
supply chains. Specific criteria are related to diet composition (staples, simple or advanced food
processing), marketable surplus (from food self-sufficiency to net sellers and finally to net buyers), reliance
on trade channels (local trade, urban markets, international trade) and type of market outlets (local
exchange, wet markets, modern retail). Consequently, traditional systems tend to give priority to food
availability and access, whereas in mixed systems issues like affordability and food safety become more
important. Modern food systems are characterized by relatively lengthy supply chains with more (partly
imported) processed and packaged food distributed through supermarkets and out-of-home consumption.?

For our purposes we build on the new food system classification by Fanzo et al. (2020) that has been
presented in the recently launched Food System Dashboard (GAIN and John Hopkins University, 2021),
where countries are differentiated according to the diversity in diets and the development of (local) food
markets. This results in five food systems archetypes that capture important differences in terms of
agriculture value added per worker; share of dietary energy obtained from cereals, roots, and tubers;
number of supermarkets per 100,000 population; and percent urban dwellers of the total population. The
Food System Dashboard distinguishes five different archetypes:

3 Another interesting typology of food environments is further elaborated by Downs et al. (2020), showing differences between a
wild, cultivated and built food environment. Food availability, affordability, convenience, promotion and quality (or desirability),
and sustainability properties of food products for each food environment type, are identified. The paper presents a
methodological approach with potential methods for assessing different properties of the food environment, but is mainly
conceptual, not offering measurements or empirical data.
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e Rural and traditional. Farming mainly by smallholders with low agricultural yields and limited diversity.
Scarce infrastructure results in seasonal variation and large food losses. Most food is sold locally in
informal, open market, small shops and street vendors.

e Informal and expanding. Rising incomes, formal employment and urbanization, with demand for
processed and packaged foods from locally sourced and imported ingredients. Coexistence of informal
markets (fresh food) and supermarkets (convenience foods) but limited quality standards and no
regulation.

e Emerging and diversifying. Increasing number of medium- and large-scale commercial farms linked to
markets. Modern supply chains for fresh foods, and supermarket expansion to smaller towns.
Processed foods are common in urban and many rural areas, but fresh food continues to be acquired
through informal markets.

e Modernizing and formalizing. Higher agricultural productivity and larger farms that rely on
mechanization and input-intensive practices. More sophisticated food infrastructures result in fewer
food losses. Food imports enable year-round availability of a diverse basket of foods. Public safety and
quality regulation is common.

e Industrialized and consolidated. Large-scale, input-intensive farms serve specialized markets. High
supermarket density and the formal food sector captures nearly all of the food intake, including fresh
foods, fast food and home delivery. Food policies focus on banning trans fats and the reformulation of
processed foods.

We use the classification defined by the Dashboard that divides countries into these five categories to
assess whether the FSI index ranking is in line with the Dashboard classification of countries. Given the
characteristics of the classification, we expect to find a higher aggregate FSI when we move from the
spectrum starting with the rural and transitional group and towards the more industrialized and consolidated
group. Indeed, Table 3 confirms that FSI scores are consistently lower for rural and transitional countries
and gradually increase for countries that are characterized by more formalized, industrialized and
consolidated archetypes.

Table 3 provides descriptive statistics of key variables in our data set. It shows the average FSI, its
standard deviation, and the minimum and maximum value for each country group and for all countries
included in these typologies. The average FSl is 50, with a standard deviation of 11. Note that the standard
deviations of the five country categories are relatively small, which means that there are few differences
between the scores of individual countries and that the groups are quite homogeneous.

Table 3

Food system index scores for different types of food systems
Food Systems Dashboard Standard
country classification Average FSI deviation Minimum FSI Maximum FSI N
Rural and transitional 37.8 5.1 26.3 46.4 30
Informal and expanding 43.5 7.0 29.0 58.7 29
Emerging and diversifying 50.4 5.8 40.2 64.3 27
Modernizing and formalizing 55.2 6.7 41.6 65.4 31
Industrialized and 64.0 5.9 45.0 73.6 29
consolidated
All countries 50.2 11.0 26.3 73.6 146

Source: Authors’ calculations
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6. Food system transformation: Linking economic,
agrarian and food system change

The FSI framework provides interesting opportunities to assess the food system transformation potential at
various levels of agrarian change and economic development. Suitable indicators for the latter are derived
from the agricultural transformation framework developed by Timmer (1988). It makes a distinction between
two maijor structural changes:

e progress in rural transformation (RT) that can be assessed by looking at the rising agricultural value
added per worker

e progress in structural transformation (ST) that is reflected by the growing share of non-agricultural
activities in gross domestic product (GDP).

Table 3 illustrates how changes in FSI largely coincide with higher RT and ST scores over different food
system archetypes. Figure 4 shows how food systems archetypes are related to indicators of structural
transformation (value added non-agricultural activities as a percentage of GDP) and progress in rural
transformation (value added per agricultural worker). The rural and traditional food system archetype
prevails in countries with low levels of ST and RT. The informal and expanding archetype is slightly more
advanced in the ST field but has stagnating levels of agricultural productivity. Major changes occur in the
transition from emerging and diversifying to modernizing and formalizing food systems that show
considerable increases in non-agricultural activities, but only slightly higher agricultural productivity. Finally,
industrialized and consolidated food systems maintain both a high share of industrial (non-agricultural)
production in GDP as well as a high agricultural productivity that permits feeding the growing urban
population.
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Figure 4: Food systems archetypes by degree of: a) structural, and b) rural transformation. Source: Own
elaboration based on the Food System Dashboard country classification

Different food system archetypes tend to emerge under certain conditions of RT and ST. Looking at the
relationships between the three transformation processes could offer important insights into food systems
archetypes under different conditions of economic and agrarian development. For the countries included in
the FSI database, we therefore plotted the rate of non-agricultural activities in GDP (ST indicator) against
the rural transformation measure (Figure 4a) and the agricultural value added per worker (RT indicator)
against the FSI (Figure 4b). The transformation in food systems is clearly enforced by changes in the
economic structure. Changes in food systems are thus especially driven by urban food demand and non-
agricultural expenditures.

Figure 5 outlines that structural transformation plays a major role during the initial stage of food system
transformation but, after a certain threshold, food systems become more responsive to processes of change
within the agrarian sector. All countries reporting a high FSI are also highly transformed structurally, i.e.
more than 80 per cent of their GDP comes from non-agricultural sectors. At the same time, around 65 per
cent of highly structurally transformed countries (i.e. 49 out of 76) have a medium or low FSI. This indicates
that structural transformation is a necessary but not a sufficient condition to foster a highly performing food
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system as captured by our multifaceted index. Finally, out of the 28 countries in the low FSI group, 22 report
a low rural transformation (i.e. value added per worker in agriculture is below the sample median of
US$1,553) and low structural transformation levels. Rural transformation in and of itself (without structural
transformation) is not enough either.
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Figure 5: Relationship between socio-economic change and food systems transformation

Different combinations of structural economic transformation and agrarian change give way to a variety of
opportunities and constraints for processes of food systems transformation. This is related to adjustment in
the (urban/rural) population structure, changes in public investments for collective services (education,
health, roads, security) and implications for income and wealth distribution.

7. Relevance and outlook

Most earlier analyses of food system transformation processes are usually based on detailed insight into
individual drivers and major outcomes, whereas far less attention is given to mediating processes that
reflect structural changes in food production, food markets and trade, food consumption practices, food
policies and the business environment. Instead of disaggregating the common dimensions of food security
(i.e. availability, access, affordability, use and stability), we focused on a set of key indicators that critically
influence food systems’ performance and change. We therefore developed a comprehensive framework
that illustrates the structure and dynamics of food system transformation processes at national and regional
levels, where major policy decisions are taken.

We relied on the structure-conduct-performance approach to classify food systems factors related to
structural drivers (exogenous inputs), food systems components (endogenous outputs), and nutritional and
environmental outcomes (final impacts). It should be acknowledged that better synergies between food
system components create opportunities for reducing trade-offs between food system outcomes. This
permits us to appreciate the multi-layered context of food systems as well as the multi-dimensional
character of food systems change. This can be considered as an important step forward compared to the
many partial indicators that have been used until now.
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The clear advantage of the FSI approach is the recognition of interactions between key food systems
components that can either constrain or reinforce desired food system outcomes. These interactions can
only be captured in a multivariate framework. Further analysis of the relationships between food production,
trade, consumption and governance could also be based on more advanced systems modelling (Aslihan et
al., 2021).

We could take advantage of recent progress in systematic big data collection efforts by several international
agencies such as FAO, the International Fund for Agricultural Development and the International Food
Policy Research Institute, and benefit from the efforts by colleagues from GAIN and Johns Hopkins
University for putting together the food systems dashboard. Taking stock of these databases, the food
systems index offers a promising framework for comparative appraisal of national food systems and for the
analysis of the dynamics of food system transformation processes.

The practical relevance of the FSI approach is based on its usefulness for policy analysis. Instead of partial
appraisal of the effects of incentives on each of the food system components, the FSI framework asks for
attention to policy coherence: the advantages of deliberate coordinated action by public, private and civic
stakeholders for creating synergies across socio-economic and environmental areas (Frank et al., 2010).
We should be careful, however, to use the FSI to assess the effectiveness of specific instruments in the
context of individual countries. Since we focus especially on the coherence and consistency between food
system dimensions, this comes at the expense of the robustness of individual parameters.

The FSI approach needs to address several major challenges before it can be used for a more detailed
analysis of food system dynamics at country level. Firstly, it is recommended to refine the selected
indicators with more precise proxies, especially for food trade and food governance. Secondly, it is
necessary to increase the number of food systems outcomes to capture changes in inclusiveness and
equity. Thirdly, we need to be better at identifying the most important leverage points for improving food
system performance to support policy targeting and coherence. These future challenges can only be
addressed by working together in research teams composed of different disciplines.

We should acknowledge, however, that the FSI framework still faces some important limitations. Firstly, the
FSI can only be identified at country level, whereas large variations in food systems may occur within
countries. This co-existence of different food systems within national borders needs to be captured better.
Secondly, some of the FSI indicators are only collected at irregular time intervals, and the reliability of other
reported data can sometimes be poor. This complicates the regular update of the FSI as a tool for
registering progress in food system transformation. Thirdly, the drivers for FSI change might be difficult to
disentangle, since different aspects of food markets, food production and consumption, and food policies
interfere. It is therefore important to consider the FSI as a starting point for subsequent in-depth analysis of
the internal food system configuration. We sincerely hope that the FSI can fulfil this function.
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