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Abstract: Dramatic improvements in data availability and quality are needed to meet the challenge
of monitoring and analyzing food systems, so that appropriate policies and actions to improve
human and planetary health can be identified and data-informed accountability mechanisms
put in place to strengthen food systems governance. Studying food systems is complex due to
diverse actors and interlinking processes that operate on multiple spatial and temporal scales,
and their multiple outcomes, which may be subject to hidden feedback mechanisms and tradeoffs.
However, descriptive research to characterize food system components and make comparisons
across geography, income groups, and population groups is an important foundation. The first
part of this article details a series of critical data gaps and limitations that are currently hindering
food systems learning and accountability, also comparing these gaps across regions and income
groups. The second part of the article introduces the Food Systems Dashboard, a new data
visualization tool that aims to improve access to and usage of food systems-related data, thus
strengthening the data value chain and better informing policies and actions intended to improve
diets, nutrition, livelihoods, and environmental sustainability.
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1. Introduction

Food systems are under pressure not only to deliver safe, nutritious food in ade-
quate quantities and in a sustainable way, but also to help address poverty by creating
jobs and decent livelihoods in an equitable manner [1–4]. Several recent landmark
reports focusing on food systems have amplified the message that if we do not address
the stark food insecurity and multiple forms of malnutrition that many people, espe-
cially the most marginalized, experience, the world will face significant challenges in
moving sustainably and equitably forward [5,6]. The resilience of food systems has
also been called into question, with disturbances, conflicts, and shocks—including
the COVID-19 pandemic—demonstrating the interlinkages that exist between food
systems and human and ecological systems, and further underscoring that progress
towards food security and nutrition goals may be even more hard-fought during times
of instability [6–10].

The environmental pressures exerted by food systems have increasingly dominated the
research agenda on food security, focusing on agricultural, livestock and fishery production
practices and related sustainability and welfare considerations. Along with the increased
attention to climate change and the momentum of the Convention of Parties (COP), more
integrated views of food systems have been featured in the reports produced by the
Intergovernmental Panel on Climate Change (IPCC, Geneva, Switzerland) and the EAT-
Lancet Commission on Healthy Diets from Sustainable Food Systems, as well as in the
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Food and Land Use Coalition’s (London, UK) Growing Better and the World Resource
Institute’s (Washington, DC, USA) Creating a Sustainable Food Future reports [7,8,11,12].
Each of these recognizes the need to transform food systems holistically, addressing all
forms of malnutrition without transgressing vital planetary boundaries. Environmental
sustainability is now seen as critical to ensuring the long-term food security, nutrition and
health of populations as well as wildlife, biodiversity and ecosystems, and essential to
achieving the Paris Agreement’s emissions targets. The upcoming United Nations Food
Systems Summit (New York, USA) at the end of 2021 is a signal of growing international
attention to food systems issues, with a call for consensus on food systems approaches.

It is difficult though to fully comprehend food systems because of their myriad com-
ponents, actors and processes. Food systems are constantly changing in ways that are often
difficult to predict. In order to better characterize food systems, descriptive analysis of a
comprehensive set of variables is an essential step, including diet, nutrition, livelihood, and
environment-related outcomes as well as potential food system determinants. Comparisons
of outcomes should be made across countries as well as within countries, including among
different population sub-groups. Upstream food supply chain and food environment
variables can also be compared across countries, sub-regions, and different commodities.
While broad narratives of change exist, e.g., the nutrition transition, structural transfor-
mation, the supermarket revolution, there is less precision in how these trends play out
at finer geographic scales or for certain population groups, e.g., dietary intake of specific
food groups across socio-economic strata or the sub-national distribution of modern food
retail outlets, including over the urban-rural continuum. These initial analyses may help
generate hypotheses to test regarding the nature of relationships between food system
determinants and multi-dimensional outcomes, as well as more complex analyses, such as
modeling and systems science, and most critically, the implementation and evaluation of
policy responses. Relationships between individual food system components, food and
nutrition security, and environmental outcomes are difficult to establish and may change as
broader food systems transform; however, measurement and descriptive analysis provide
an essential foundation.

This paper will focus on current limitations of food systems data, especially gaps in
data availability, which inhibit descriptive analyses and comparisons of food systems. It
will then describe the development of the Food Systems Dashboard (FSD, Geneva, Switzer-
land) (https://foodsystemsdashboard.org/), a tool that brings together over
200 indicators from over 40 data sources across food systems, with the aim of facilitating
food systems analysis and geographic comparisons. The tool is continually being expanded
and improved. However, the dashboard is only as good as the data available and there is an
enormous need for more and better data. In essence, food systems need a data revolution
if the world wants to hold governments and the range of food system actors accountable.
What cannot be measured, cannot be governed.

2. Data Availability and Gaps across Regions and Income Groups

Significant strides have been made in improving the availability of food system-
related data, but gaps persist across all components of the food system, including supply
chains (especially post-farmgate), food environments, diets, and diverse health, livelihood,
and sustainability related outcomes. Data availability varies across geographic areas and
income groups. Differences relate not only to varying levels of resources available to invest
in large, potentially expensive data collection and surveillance efforts, but also the different
priorities that countries may have with regards to their food systems.

Surveillance of diet quality through nationally representative dietary data collected
at the individual-level remains absent in the vast majority of countries, despite rapid
increases in diet-related noncommunicable diseases (NCDs) and expanding knowledge of
the environment footprint of current dietary patterns [13]. High quality surveys, such as
24-h dietary recalls and food frequency questionnaires, are most common in high-income
countries (HICs), but less available in sub-Saharan Africa and South Asia [14]. Sub-Saharan
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Africa has tended to collect dietary data through Demographic and Health Surveys (DHS),
focusing on a narrower range of foods and targeting infants and young children, their
mothers, and women of reproductive age [14]. This reflects the need for cost-efficiency (by
integrating dietary data within already existing national data surveillance efforts like DHS),
in addition to the prioritization of preventing undernutrition among vulnerable groups in
the first 1000 days of life, through better monitoring of diet diversity measures. As multiple
forms of malnutrition are now present in most countries, more dietary recalls and food
frequency questionnaires in low-income countries would enhance national capacity to
assess other relevant dimensions of diet quality beyond diversity, such as intake adequacy,
balance, and moderation [13,15].

Data to characterize food environments are also geographically concentrated and
most studies occur in HICs, especially the United States [16–18]. A recent scoping review
limited to low and middle-income countries (LMICs) identified 70 food environment-
related studies published between 2009 and 2017, though only 26% of these were in lower
middle-income countries and none were in low-income countries. Regional gaps exist,
particularly in sub-Saharan Africa (excluding South Africa), South Asia, and the Europe
and Central Asia region [19]. This is partially due to the prevailing goal of linking food
environments with overweight and obesity in the literature, however, it is also due to
the underrepresentation of informal markets. While formal markets within the built food
environment may be the most relevant food environment typology for HIC settings, in
many LMIC settings, informal markets within the built food environment and natural food
environments are important sources of food [20].

Food environment data is most typically gathered at the city, neighborhood, or school-
level, and is not nationally representative. Studies accessing retail sales data have been
able to document macro-level trends in the rise of supermarkets in LMICs, among other
changes to the retail sector and broader food system, though national surveillance efforts to
document the types of outlets and types of foods offered, especially at sub-national levels
are still lacking [21–23]. A notable exception are food price data, which are commonly
gathered by national statistical agencies with the intention of monitoring market conditions
and living standards, often across sub-regions of the country [24]. The 2020 State of Food
Insecurity and Nutrition in the World Report utilized price data reported by these agencies
to the World Bank’s International Comparison Program to compare the affordability of a
healthy diet across 170 countries [9].

Upstream from food environments, critical data gaps also limit our understanding
of food production and supply chains. Gathering data along food supply chains is a
complex endeavor due to the need for consistency, correct geographic scales, and sampling
strategies that account for the different nodes of supply chains, not to mention different
commodities [25]. Supply chains have been referred to as the “missing middle” in reference
to the lack of coordination and disconnect between food production and consumption [26].
Food loss and waste data have received increased attention due to global targets within the
Sustainable Development Goals (SDGs). While new indicators are being developed, the
Food and Agriculture Organization (FAO, Rome, Italy) has noted that only 39 countries
have reported official estimates of annual food losses between 1990 and 2017 as part of the
compilation of its Food Balance Sheets (FBS). A meta-analysis conducted by FAO found
that government-sponsored studies of food losses were most common in Latin America and
the Caribbean, followed by North America and Europe, and mostly focused on fruits and
vegetables, while unofficial studies were concentrated in Central and Southern Asia [27].
Another review of studies on food loss and waste found that data was also skewed towards
the household and retail levels (i.e., waste), though this was particularly scarce among
lower income countries [27].

Data to systematically describe most post-farmgate stages of supply chains are un-
available in sufficient quantity and quality. Though frameworks have emerged to classify
types of processed foods and value chain transformations, these are relatively stylized, and
quantitative data is not available to establish the extent of different types of food processing
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(including nutrition value-adding processing, such as fortification), food transformations
along supply chains, nor the geographic distribution of manufacturing facilities and dif-
ferent types of foods within countries [28,29]. Due to the concentration of survey data at
the household-level, which does not include commercial enterprises, knowledge of many
key economic aspects of supply chains is also limited to a handful of countries where
data exist; these aspects include post-farmgate productivity, value addition, prices, and
margins captured by different supply chain actors, which collectively influence not only
food sector-related livelihoods, but also drive retail prices paid by consumers [30].

3. Other Limitations in Food Systems Data

In addition to gaps in data availability, poor quality data and other data-related chal-
lenges can also impact the ability to monitor food systems, assess needs, design and im-
plement appropriate policies and actions, and finally, improve accountability among those
responsible for food systems governance [31–34]. Five additional limitations are highlighted.

First, data quality is often sub-optimal. In some cases, indicators on an important
aspect of the food system are available, but only based on modeled estimates. As previously
noted, the majority of countries do not have frequent dietary surveillance surveys [13].
Therefore, global dietary estimates utilize Bayesian or spatiotemporal Gaussian statistical
analysis to generate dietary intake estimates from a variety of non-harmonized secondary
data sources. In cases where a country does not have a recent dietary intake survey (or
no nationally representative dietary intake surveys), modeled estimates rely heavily on
data from subnational dietary surveys, household budget or income and expenditure
surveys, retail sales data, and FAO FBS, each of which have shortcomings in their ability to
capture dietary intake [13,35–37]. While these estimates provide a better understanding
of dietary intake than the absence of data, their uncertainty may have a profound impact
on prioritization of policies and programs to improve diets, and improving the quality
of underlying data, through globally standardized individual-level diet surveys, would
enhance their accuracy.

Second, data is often available only in highly aggregated form. It is particularly
challenging to disaggregate data by geographic location at the subnational level. Recently,
the Institute for Health Metrics (University of Washington, Seattle, WA, USA) and Eval-
uation released local burden of disease estimates for childhood nutritional status, where
prevalences are estimated for 5 by 5- kilometer areas [38–41]. To better understand why
nutritional status varies spatially within a country or among subgroups of a population,
similar granularity in data and estimates for other components of the food system is needed.
Currently, measures such as dietary intake, food availability, supermarket density, and
sales in processed foods are available at the national level.

Third, the frequency of data collection is limiting and there is very little real-time
data available across food system components [42]. Food systems are highly dynamic,
constantly changing, and evolving. Yet, most data on food systems are collected using
cross-sectional surveys, which are repeated infrequently, if at all. While updates to data
on a yearly (or every couple years) basis may be satisfactory for certain indicators, like
supermarket density, real-time data for more dynamic indicators such as food prices (for
all food groups) and food availability may be quite useful for policymakers to identify
trends quickly.

Fourth, the interconnectedness and multidisciplinary nature of food systems data
makes exploring the relationships between food system inputs, processes, outputs, and
outcomes a challenging endeavor. Food systems contain multiple feedback loops, which
add a temporal dimension to causal relationships. Advanced statistics and systems-level
modeling may provide valuable insight into these relationships, however, the data they
require may not exist on the same time scales. Similarly, the spatial scales of data may be
misaligned; for example, local data on the environmental impact of food production and
consumption is scarce, making it difficult to assess the relationships between local farming
systems, dietary patterns, and environmental health [43]. Examples of data compatibility
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challenges are common in food systems analysis due to the diverse disciplines, stakeholders,
and priorities involved collecting data.

Finally, some data is not open-access or resides behind paywalls. Private sector market
research firms collect and model data on critical components of the food environment and
consumer behavior, but these data are behind paywalls, which may make it financially
impossible for some researchers or policymakers to access this data, particularly in low
resource settings. Additionally, other key data on consumers, including their preferences
and situational factors that may influence dietary choices, are collected by many private
sector food and marketing companies, but it is unlikely at this moment that these companies
would be willing to make this data openly accessible.

4. A Visual Tool to Improve Data Usage

Data visualization consists of showing data in graphical form and it is one of the
fundamental tools of modern data science [44]. Graphics should convey complex ideas
with clarity, precision, and efficiency, enabling users to make comparisons and recognize
patterns in the data [45]. They can take the form of charts, maps, or trendlines, among
others; in comparison with showing raw data in table form, these provide a visual context
that tells a story, displaying information more persuasively and impactfully.

While data visualization cannot directly address all of the limitations articulated in
the previous section—particularly those related to data gaps—it plays an essential role
in synthesizing and packaging the available data in a way that facilitates analysis and
translation of information into action [31]. The role of visualization in food systems research
is particularly valuable to decision-makers, as food systems research and analysis involves
pulling data from multiple disciplines to describe system structures and features.

Various efforts have been undertaken to improve access to quality food systems
data. Global databases that provide data on several components of the food system are
constantly being expanded, such as the FAO’s FAOSTAT (http://www.fao.org/faostat/en),
International Food Policy Research Institute’s (IFPRI) Global Food Security Portal (https://
www.foodsecurityportal.org), and World Bank’s DataBank (https://databank.worldbank.
org) among others. FAO’s Hand-in-Hand Initiative (http://www.fao.org/hand-in-hand/
en) is working directly with countries to translate cutting-edge geospatial data into actions
that will improve incomes and nutrition among the rural poor. There are also examples of
indexes that attempt to consolidate diverse food systems data into a summary indicator,
such as the Food Sustainability Index and the Sustainable Food Systems Global Index,
which assess food systems across health, environmental, and economic outcomes [46,47].

Still, none of these tools provide a means for decision-makers and researchers to easily
visualize and analyze food systems comprehensively, including their various components
as well as their performance towards multiple outcomes, across many countries. Several
databases focus on specific domains of expertise (e.g., agriculture production and food
supply), which precludes users from viewing this data alongside the diet, nutrition, and
environmental outcome indicators that may be impacted. In other cases, data on supply
and demand-side factors are present, but are not placed within a food systems context.

Adding a “systems lens” to data that describe distinct, yet related components of a
food system is part of the data curation function that data visualization tools can provide.
This includes the selection and prioritization of indicators that will advance understanding
of key aspects of the food system, but also the aggregation and framing of those indicators
in a way that will advance understanding of the food system as a whole.

The Food Systems Dashboard (FSD) is a new tool, developed by a multi-disciplinary
team of researchers, including the authors of this paper, that intends to fulfill some of
these key systems-related data needs [48]. The FSD describes food systems by bringing
together extant data across over 200 indicators from over 40 sources in a visually appealing,
easy-to-navigate platform. These sources, which are both public and private, include
United Nations agencies, the World Bank, Consultative Group for International Agri-
culture Research (CGIAR, Montpellier, France), Euromonitor, and cross-country project-

http://www.fao.org/faostat/en
https://www.foodsecurityportal.org
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based datasets. The indicators are organized using a conceptual framework, shown in
Figure 1, which was developed by the authors and other FSD collaborators, and adapted
from an earlier framework from the High Level Panel of Experts (HLPE, Rome, Italy) on
Food Security and Nutrition of the Committee on World Food Security (Rome, Italy) [6].
The framework describes the components of the entire food system, including: food supply
chains; food environments; individual factors; consumer behavior; diets and nutrition
and environmental outcomes; and environmental, social, political and economic drivers,
which push or pull the system in different directions. The data provide insights into
different aspects of food systems that are not commonly included together in other food
systems data visualization tools, thus allowing users to understand food systems in a more
comprehensive way.
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Figure 1. A food systems framework. Source: [48].

As it does not engage in primary data collection, the FSD is unable to directly address
the data gaps previously mentioned, however, it prioritizes indicators with broad country
and regional coverage, that are likely to be collected on a regular basis. The FSD also utilizes
application data interfaces (APIs) to integrate with primary data sources, ensuring that data
will be updated on a continual basis. Figure 2 shows the geographic density of indicator
availability in the FSD, for (a) food supply chain, food environments, and consumer-related
exposures and (b) diet, nutrition, health, and environmental sustainability outcomes. The
number of data points available in the dashboard does not vary substantially by region,
however, in several conflict-affected countries, data is sparser, particularly in the case of
food system exposures.

Indicator coverage in the FSD varies by income group. Figure 3 displays the percent
of the total possible data points (i.e., number of indicators multiplied by number of
countries—excluding territories, which are less likely to have robust data collection
systems) that there are observations for in the FSD, by income group. This should not
be confused with overall data availability by income group; it is well documented that
richer food systems-related data is available in HICs, however, for the FSD, primary data
sources are disproportionately represented by open-access, United Nations-sponsored
datasets which are likely to have broad coverage among LMICs and likely to be updated
more frequently. The figure only includes a selection of key sub-sectors included in the
FSD, but it shows that indicators to describe processing and packaging, and dietary
intake, are more prone to data gaps.
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The FSD addresses several other previously mentioned data limitations. First, quality
control of indicators is carried out by a team of experts, ensuring that those featured in the
dashboard use the best available methods to ensure estimates are valid and reliable. This
quality control often involves collaboration with data collectors and subject matter experts.

Second, the FSD annotates data, by including a detailed set of metadata along with its
visualizations. While it is said that “a picture is worth a thousand words”, good practice
in data visualization is to ensure that viewers are aided in the contextualization of the
information they are digesting, and that accompanying text is used to remove uncertainty
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relating to the meaning of the indicator, how it was collected, or calculated. The FSD
metadata provides concise definitions of each indicator, explanations of the methods used,
and a description of the relevance of the indicator for food systems analysis, including its
possible linkages with outcomes.

Finally, while many data gaps in the food system remain, the FSD will continue to
feature the latest developed, most innovative metrics as these become available. As exam-
ples, the FSD recently added a set of indicators that describe the environmental footprint
of food consumption from the World Wildlife Foundation (WWF, Gland, Switzerland) and
will soon add several of the food affordability indicators featured in the 2020 State of Food
Security and Nutrition in the World Report [9,49]. Using the FSD to further disseminate this
data will draw more attention to these issues, which have been major priorities among
food systems researchers and policymakers in recent years. Indicators still in the pipeline,
such as the global food loss and global food waste indices, will also find a home in the FSD
and specific attention will be given to other indicators that are relevant for SDG targets.

5. Examples of FSD Data Visualizations

Countries are currently the primary unit of analysis in the FSD. By featuring a large
number of countries, users can easily make country comparisons and examine patterns by
geographic regions. The default in the FSD’s “Compare and Analyze” tool is to display
data in map form; however, users also have the option to view bar graphs. Figure 4 is a
global map of growth in packaged food sales, as displayed on the FSD.
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This map enables users to easily identify Africa and South Asia as the regions that
have on average experienced the fastest growth in packaged food sales from 2013 to 2018.
However, some variation within Africa is still present, with countries in Northern Africa,
Nigeria, South Sudan, and Mozambique all experiencing decreases in packaged food sales.
Follow-up analyses could seek to explore potential causes of this variation, or whether the
variation is also evident in nutrition or health outcomes.

The FSD also allows users to center their visualizations and analysis on an individual
country of interest. The “Compare and Analyze” tool includes time trends for any country
for each year that the data is available. Country profiles are also available, which display
data for a select group of indicators in various chart and graph forms, often containing
comparisons with regional or global averages.

Users of the FSD may also conduct basic explorations of the correlation between
multiple food system characteristics or outcomes using bubble charts. This may serve
as an initial step towards understanding some of the tradeoffs and interactions among
food production and supply chains, food environments, and human and planetary
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health outcomes. For example, Figure 5 below plots countries according to per capita
GHG emissions from food consumption and per capita supply of meat. There is a
positive correlation, however, substantial variation in GHG emissions exists among
countries with similar levels of meat availability. For example, Iran and Paraguay both
have 100–115 g of meat per person per day, but Paraguay’s per capita GHG emissions
from consumption are quadruple that of Iran. Subsequent analysis could begin to
explore the factors that cause countries with a similar supply of meat per capita to vary
in their production efficiency and environmental impacts, or other food groups that
could be contributing to high GHG emissions.
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Data can also be aggregated and compared at the regional level, by income groups, or
by food system type, using a typology developed by the authors and other FSD collabora-
tors, building on previous food system typologies presented in the HLPE Nutrition and Food
Systems Report and the 2015 Global Nutrition Report [6,52]. Typologies are useful in food
systems analysis because they reduce complexity; rather than comparing all countries on
each individual indicator, typologies identify clusters of countries that are broadly similar,
enabling users to learn lessons from comparisons across those clusters. When applied to
national food systems, a typology can help to identify countries that may be more likely to
share common drivers of dietary, economic and environmental change and be responsive
to similar policy actions.

The FSD typology classifies 155 countries into five food system types: (1) rural and
traditional, (2) informal and expanding, (3) emerging and diversifying, (4) modernizing
and formalizing, and (5) industrialized and consolidated. This classification is based on
four indicators (agriculture value added per worker; share of dietary energy from cereal,
roots, and tubers; number of supermarkets per 100,000 inhabitants; and urban population
as percent of total population), which were chosen to reflect the different components of
food systems as articulated in Figure 1 and prioritized based on evidence associating them
with food systems transitions and country coverage. The methodology for developing the
dashboard and more detailed descriptions of the food system types can be found on the
Dashboard and in a forthcoming article [6,52,53].

Data can be compared across food system types using bubble charts or maps. In
the upper panel of Figure 6, food system types are plotted by average prevalence of
child and adolescent obesity and relative caloric price of soft drinks. The graph shows
that the relative price of soft drinks is inversely correlated with the child and adolescent
obesity. This also aligns with the nutrition and food systems transitions literature, which
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identify income growth, urbanization, and globalization as common drivers of obesity and
structural changes to food supply chains and consumer preferences, which may lower
the price of energy-dense processed foods [15,22,23,54,55]. In the lower panel, the relative
caloric price of soft drinks is compared among countries within the rural and traditional
food system type. The highest relative prices are found in West Africa, while East African
and South Asian rural and traditional food system types are lower. Weighted averages in
the legend also allow users to compare between food system types.
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These same tools are also available to make comparisons between and within income
groups. Within group comparisons may be used to identify benchmarks, i.e., countries
who over-perform on a certain health or environmental outcome in comparison with other
countries with a relatively similar food system type, or countries within the same income
group classification.

6. Limits of the Food Systems Dashboard and Future Directions

The FSD platform does not deliver several important services for researchers and
decision-makers. First, it offers only basic tools for analysis, which mainly focus on
descriptive comparisons rather than statistical inference. While scatter plots, bubble
charts, and maps are useful, identifying risk factors for poor diet, nutrition, health, or
environmental outcomes in the presence of confounders requires statistical software and
consultation with food systems actors. In the examples above, follow-up analyses are
suggested to illustrate how FSD visualizations could be used for hypothesis generation.

Future work on the FSD will attempt to present data in a more synthetic and integrated
way. For example: How do food system processes interact? What are the positive and
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negative feedback loops? What are the trade-offs if one part of the system is more heavily
emphasized than another, and what are the weights of those trade-offs across elements and
outcomes of the food system? The FSD plans to develop features that show these dynamic
relationships and interactions across the food systems.

More advanced statistical tools are also needed to project trends into the future and
model the potential impact of different policies and actions, especially when these impacts
are felt across multiple outcomes and trade-offs need to be weighed (e.g., between food
security and environmental sustainability objectives). A future area of expansion for the
FSD may include case studies related to the transition pathways countries have undergone
and the food system-related decisions that have been made along the way, or how countries
have grappled with different types of shocks.

Second, there is a clear need for more detailed, subnational food systems data that
are reconciled and harmonized with national statistics. Food systems are incredibly di-
verse within countries and require nuanced assessments using local data to adequately
characterize their dynamics and local characteristics. For instance, there are many types of
agricultural landscapes, vendor groups, supply chains and sets of drivers that are influenc-
ing food systems. This more detailed data facilitates comparisons across districts or states,
as well as across different population groups, which are often the types of comparisons that
are more useful for setting policy and deciding where to invest limited national resources.
Moving forward, the FSD aims to engage with a limited number of pilot countries to
develop subnational dashboards, which will draw on innovative data collection methods,
such as real-time, crowd-sourced data and geospatial data at fine resolutions. For example,
a recent study in Nigeria demonstrated how a digital crowdsourcing tool was able to gener-
ate a spatially-rich dataset of food prices and track price changes in real-time, following the
COVID-19 outbreak and subsequent lockdowns [56]. Such rapid-assessment approaches
could be powerful tools for policymakers to use in designing and targeting appropriate
responses to shocks.

Third, the FSD currently only describes food systems with the data it has on
hand. Key gaps remain, particularly related to food processing and distribution, food
advertising, consumer knowledge and preferences, and intra-household dynamics.
Some of these features can only be described through qualitative research involving
small sample sizes, which do not lend themselves to tools such as the Dashboard. Some
quantitative aspects, such as price or income elasticities, lack adequate coverage and
frequency of data collection. Others do not yet have widely accepted metrics that
are ready to be scaled up across a large number of countries. For example, the level
of market access, competition, integration, and overall functionality are features of
interest to FSD, but indicators are only recently being piloted [57]. Coverage data
is also lacking for programs and interventions that could improve diets, nutrition,
or environmental sustainability. Health interventions and health service delivery, in
contrast, are more closely monitored, for example through the DHS Program; however,
food system-related actions are not concentrated in health centers, but rather dispersed
throughout extensive networks of farms, supply chains, and food environments.

Lastly, the FSD is currently lacking a full range of diagnostic tools and policy rec-
ommendations. While policymakers can benefit from descriptive data visualizations, the
FSD can go further in illuminating the path from raw data to information, analysis, and
action, by identifying which areas of countries’ food systems are experiencing problems
and which policies or actions could be important to consider. These functions are currently
being developed and will integrate with the 42 Policies and Actions [58]. It is envisioned that
for indicators that are likely to influence diet, nutrition, and health outcomes in a clear di-
rection, a system of cutoffs will be established, with traffic lights indicating the components
of countries’ food systems that are likely to be causing health or environment-related risks.
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7. Data Revolution for Food Systems Accountability

The 2017 Global Nutrition Report called for revolutionizing efforts across the “nutrition
data value chain”—a conceptualization of a data and information system wherein data
is positioned as a value product to address hard problems such as ending the multiple
forms of malnutrition [59]. This chain includes data priority-setting, creation and collection,
curation, analysis, interpretation and use of information by decision-makers. The FSD
platform is one tool that can contribute to strengthening this data value chain across several
of its links. Yet, broader investments in the capacity of this value chain are needed to
fulfil the potential for information to inform evidence-based policymaking in service of
achieving the SDGs. In particular, investments are needed in several key areas as outlined
in the 2017 Global Nutrition Report.

First, in-country mechanisms are needed for national priority-setting and data coordi-
nation. Sub-national data in particular are a priority. As discussed above, there is a dearth
of such data despite enormous food system heterogeneity within countries that requires
policy informed by context-specific information. The COVID-19 Dashboard developed by
the Center for Systems Science and Engineering at Johns Hopkins University (Baltimore,
MD, USA) provides a compelling example of a real-time data tracking dashboard that
uses data disaggregated at the state and county level (in the United States). Such high
data collection frequency and resolution may not be feasible for many of the indicators
currently in the FSD, however, there is considerable scope for improving the food systems
data landscape with regularly collected subnational data. Consistent and reliable national
surveys that collect data on key indicators every 3–4 years, for example, would offer a
fundamental advance in current nutrition data systems [59]. Such food systems surveys
should be incorporated into routine management information systems with costed data
plans and should include sufficiently robust samples so as to be able to derive subna-
tional statistics [59]. Guidance is also needed for prioritizing indicators for regular data
collection. The FSD can inform such guidance by indicating for which indicators a given
country is lacking data within each of the domains described (e.g., food supply chains,
food environments, diets and nutrition).

Second, tools are needed for capacity development at multiple levels. It is not sufficient
simply to make data available to decision-makers. Rather, there must be awareness of the
utility of the data and the capacity to transform it into useful information. As part of the
FSD development, a series of country engagements are being carried out to learn how best
to design the FSD so as to facilitate its use and also to learn how potential users across
diverse sectors (e.g., business leaders, civil society stakeholders, academics) might use the
dashboard, and which decisions or challenges that they face might be informed by the
data provided in the dashboard. Such consultations are essential for understanding the
kinds of data to prioritize, how best to engage with users of the data, and where capacity
strengthening is needed.

Third, there must be efforts to disseminate the tacit knowledge and experiences of
decision-makers and actors across the food supply chain. Food systems are complex and it
is challenging to gain a comprehensive understanding of an entire system with data on
disparate indicators alone. Such data are the essential building blocks needed to construct
a foundation for policy action, but these blocks must be reinforced by an understanding of
the knowledge and experiences of diverse stakeholders that are often difficult to capture
and communicate. Therefore, investments in collecting and disseminating this knowledge
is crucial for transforming food systems data into information and information into action.

Fourth, innovation is needed across the data value chain. The FSD represents one
such innovation, aggregating data on more than 200 indicators in a user-friendly platform,
informed by an evidence-based theoretical food systems framework, and allowing for
diverse descriptive analyses using its mapping tool, country profiles, and complementary
data on income classifications and food system types. Crowdsourced information offers
another important opportunity for innovation along the data value chain. Whether using
mobile apps, observations, or disseminated sensor data or providing real-time monitoring
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of food price data [56], tracking food safety concerns [60], estimating the size of smallholder
farmers’ fields [61] or numerous other potential applications (e.g., soil, crop phenology,
weather or yield data) [62], crowdsourcing is an emerging frontier of innovation for food
systems data.

Finally, there must be enhanced efforts to foster a culture of data use and sharing.
Food systems data often reside in sectoral silos that prevent such data from reaching the
analysts and decision-makers best positioned to use such data to inform planning and
action [63]. Government agencies often do not have the incentives or capacities to partner
across sectors within or outside the government [64]. This is especially problematic in many
LMICs wherein the data collection efforts of non-governmental entities are often carried
out independent of public sector efforts [65]. An enormous body of data on consumer
food products, prices, purchases, and commercial food industries more broadly are also
collected and managed by private entities. For example, scanner data (e.g., point-of-sale
retail food records, and food used by consumers in homes), household food consumption
surveys (e.g., online surveys of consumers’ purchases of prepared foods), and other data
on commercial food environments are regularly collected by market research firms [66].
These proprietary data hold considerable potential to strengthen the entire data value
chain yet are inaccessible to many potential data users. Public-private partnerships may be
one mechanism to facilitate expanded access to these data for strategic analyses aimed at
informing sensible food and nutrition policy.

8. Conclusions

Policymakers, practitioners, and researchers have embraced the importance of viewing
food, nutrition, health, and environmental sustainability challenges through a food systems
lens. This ‘systems-thinking’ has been aided by frameworks that better articulate the related
components of a food system and how they influence a diverse set of outcomes; however,
these frameworks must now be complemented by enhanced systems measurement and
analysis. A data revolution will facilitate this next phase, which could begin with improved
descriptive analysis, aimed at comparing food systems characteristics and outcomes across
geography, income groups, food system types, and over time, using high-quality, standard-
ized indicators. In addition to addressing the current regional, subnational, and thematic
gaps in data availability discussed in this article, the revolution must strengthen the entire
data value chain, including improving the curation, interpretation, and use of data, which
will ultimately enable accountability mechanisms for food systems. Promising innovations
are already underway, which should be expanded upon and continuously improved with
the input of stakeholders, as will be the case with the FSD.
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