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Abstract

Agrifood systems transformation is required to reach national and global food security,
development, and sustainability goals but depends on substantial public and private investment.
Yet most official statistics are delimited by economic sectors, so existing data do not readily
quantify the contribution of multisectoral agrifood systems to national economies or the world.
Such incomplete accounting is most likely to undervalue agrifood systems’ economic
contributions and hamper decision makers’ ability to justify action. We fill this gap using official
statistics and harmonized input-output table data to estimate the value added accruing from
agrifood systems output from 1995-2019. Our results show that the agrifood systems of 170
countries contributed nearly $13 trillion (current US$) to global GDP in 2019, 15.4% of global
GDP. Of that, primary production (agriculture, forestry, fishing) contributed only 26.1% ($3.3
trillion) while wholesale and retail trade comprised the largest share (53.4%; $6.8 trillion),
followed far behind by manufacturing of agrifood products (food, beverages, wood, paper, etc.).
Further, we show that agrifood systems are increasingly diversified at higher national incomes.
The share of value added from agrifood systems per capita excluding primary production grows
with country income but also follows the same well-known pattern as agriculture, declining as a
share of GDP per capita as income rises. Our study helps to close an important data gap in
understanding the economics of agrifood systems inclusive of the middle of value chains that
enables future research on the economic contribution of food systems as they undergo the
necessary transformations to meet ambitious economic, social, and environmental goals.

! The text and materials of free of any copyright violations.
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Introduction

Agrifood systems transformation is increasingly at the center of national and global objectives,
from meeting the Sustainable Development Goals (SDGs) and the Paris Agreement carbon
emissions targets to ensuring supply chains are resilient to the next major war, pandemic, or other
shock 7. Such ambitious transformation requires public and private investment that may be hard
for many decision makers to justify without knowing the economic value agrifood systems
generate. Providing these crucial statistics is challenging because agrifood systems are not an
economic sector ' '°. Existing literature primarily focuses on individual sectors or economic
contributions at the farm level. Taking a systems perspective instead recognizes that agrifood
systems encompass all the actors and activities related to the production, processing, trade,
consumption, and disposal of food and related non-food products and services, and therefore all
the value addition created throughout the system and in sectors that combine both agrifood and
non-agrifood activity '!. This includes and extends beyond the primary production of agriculture,
forestry, livestock rearing, and fishing, presumably contributing much more to national and global
GDP than primary production alone '2. Incomplete accounting is most likely to undervalue
agrifood systems’ economic contributions, which by consequence would diminish perceived
potential return on investment that agrifood systems transformation could generate, thereby
reducing the evidence to justify policy and investment action.

Incomplete accounting also leaves important questions about the relationship between economic
development and agrifood systems transformation unanswered. The empirical regularity of an
inverse relationship between the share of a country’s GDP from agriculture and its level of
development is a pattern long-recognized by agricultural economists '*!4. Yet, how the rest of
agrifood systems — the parts beyond primary production, including all the actors and processes in
the middle of value chains and final distribution — changes with economic growth has never been
as well understood ®!%13, Similarly, the sizable share of consumer food expenditures accruing to
post-harvest value chain actors and rising with per capita incomes, demonstrated in recent research
10, may not reflect agrifood systems more broadly.

We address this fundamental data gap to estimate the value added generated by agrifood systems.
Using a combination of official statistics (national accounts) and national accounts, namely
derived, harmonized multi-region input-output table data '*"'8, this study estimates the value added
accruing from the output of agrifood systems to most countries around the world from 1995 to
2019. Data availability varies by country and year. Here we present results for 170 countries in
2019 and summarize patterns over time for 101 countries with data for all years from 1995 to 2019.
The present work is novel in taking a supply chain perspective to economic accounting of agrifood
systems, in line with the global agenda implicating agrifood systems and their transformation in
achieving wide ranging goals from economic development, employment, and climate to food
security, food safety, and nutrition '*!°-2!,_ Our results provide new insights into the role of agrifood
systems output in national economies around the world.

Data and Methods

The primary datasets utilized in this study include the United Nations Statistical Division



(UNSD) System of National Accounts (SNA) Main Aggregates Value Added tables '® and the
Eora-26 multi-regional input-output tables !7. This analysis starts with the ISIC to identify all
economic activities that are part of agrifood systems 2. ISIC is hierarchical, with the highest-
level sectors given letter codes and sub-components given a two-to-four-digit code. The ISIC
classification is periodically revised, Revision 4 is the latest 2. However, many countries have
not updated their systems and are still reporting official statistics using prior revisions or have
not back-cast historical records according to newer revisions. To create a time series of value
added data for as many country-years as possible, we combine ISIC Revision 3 2} and ISIC
Revision 4 ?? data. We then classify ISIC codes to identify agrifood system (AFS) and non-AFS
activities. We classify ISIC codes to the 4-digit level as “wholly AFS,” “partly AFS,” and “not
AFS” (supplementary materials). Partly AFS refers to sectors that contain activities both related
to AFS and not related to AFS. This classification takes the hierarchical structure such that any
aggregate category is coded reflecting the lower-level codes it contains. Higher level codes with
some wholly and/or partly AFS subordinates are assigned as partly AFS. The SI dataset contains
this classification for ISIC Revisions 3, 3.1, and 4.

We apply this classification to official statistics of value added. We start with United Nations
Statistical Division (UNSD) System of National Accounts (SNA) data '*. To maximize country
and time coverage, we combined statistics created under different frameworks, including across
SNA systems (2008, 1993); however, we are unable to do similarly across SNA systems as the
differences are not traceable from the data categories. The differences between the 1993 and
2008 SNAs mostly relate to the valuation of goods and services that are not counted in agrifood
systems and therefore are minimally consequential for our results, with the exception of research
and international trade >*. We may be underestimating value added from research and
international trade in countries reporting data according to SNA 1993.

These UNSD data are only available for economic main aggregates, the highest-level ISIC code,
which contain agrifood primary commodity production (e.g., agriculture, forestry, fisheries) as
unique sectors, but all other parts of agrifood systems are aggregated into sectors that also
contain non-AFS activities. More detailed official value added statistics are available for the
manufacturing sector from the UNIDO 2. For ISIC Revision 3, these are only available at the 2-
digit level, and for ISIC Revision 4 they are only available at the 3-digit or 4-digit level, which
we aggregate to the 2-digit level. Our objective is to substitute the detailed UNIDO data for the
manufacturing main aggregate in the UNSD data. We start by identifying the ISIC revision
available for each country-year in the UNSD data. If UNIDO data are available for that country-
year in the same ISIC revision, we substitute the UNSD manufacturing main aggregate with
UNIDO value added data. If the UNSD and UNIDO data are only available from different ISIC
Revisions, we use the UNSD data and estimate the disaggregation of the manufacturing sector as
if UNIDO data were not available, using the fraction method detailed further below. Our dataset
does not include any data using ISIC Revision 3.1 because there are no data from UNIDO for the
manufacturing sector according to this classification °.

We also harmonize ISIC Revision 3 and Revision 4 in order to maximize country and time
coverage. Supplementary materials show the harmonization across ISIC Revisions as well as the
classification of the data into the AFS categories defined earlier. It includes all the categories that
are wholly or partially attributable to agrifood systems for which we have value added data, the
harmonization across revisions, and the justification for the inclusion of the partly AFS codes



and the lower-level codes they contain that lead to the classification choice.

Similarly, in our effort to create a valid time series per country, we imposed decision rules that
eliminated some existing data. For example, some country-years have UNIDO manufacturing
sector data but no UNSD main aggregate sector data, so the UNIDO data are excluded from our
final dataset (e.g., Russia 1995-2010 and 2014-2019). Additionally, where countries have
multiple series due to methodological revisions, we select the series with the most recent data
and the longest time coverage. Where the most recent data are not the longest time coverage, we
select the shorter, more recent series, which again eliminates some years of data for a country
that are technically available but not in a way that can be combined with other years into a time
series. These countries and the affected years have a flag in the dataset.

Then, to disaggregate value added in the partly AFS categories into their AFS and non-AFS
components, we turn to the inter-industry transaction matrix from input-output (IO) tables 7. IO
tables record where the output from each sector is consumed by other sectors in the economy,
allowing us to track how goods emanating from agrifood production are used in the economy
and all the goods and services consumed by agrifood systems from other sectors 2%, To
incorporate the role of international trade (imports and exports), we utilize multi-region input-
output (MRIO) tables from Eora, and specifically the Eora-26 product which harmonizes 10 data
across countries into 26 consistent sectors !’. We use balanced tables produced by Yi et al (2025)
29 to extract matrices and aggregate all imports and exports into a single matrix per country-year
at the sector level . We use these matrices to define a unique relationship for each partly AFS
category expressed in terms of a fraction summarizing inputs from one sector into another sector
relative to sectoral gross output of either the input or output sector, depending on the direction of
the relationship along the value chain (Tables S6 and S7).

The value added in year y is estimated by summing the value added (V4) of the wholly agrifood
sectors (jy,) and each share of the partly AFS sectors (j,,) attributable to AFS (Eq.1). The j
indexed sectors refer to the ISIC category sectors which delineate the UNSD value added data.
For simplicity, the country is omitted from the subscript in all equations, as all calculations are
conducted at the country level.

VAAFS,y = 2{21 VA]-

J
wY + Ziil wjpy * VAjpy (1)

Where V Ayps ,, indicates the total value-added value of the agrifood system, VA4; , and VAjpy

are the value-added value of the industries (j) that are classified as wholly AFS or partly AFS in
the year y, respectively, and wj ,, is the share to allocate of j,, —the partly AFS industry’s value

added — to AFS. To develop the share (wjpy), we use the inter-industry transactions in the 10

matrix /0, (Eq. 2) reflecting the inputs of sector i into sector o (a;,) and the gross output of the
input (GO;) and output sectors (GO,) (Eq. 2). The i and o indexed sectors refer to the EORA-26
harmonized sectors. This approach is conceptually similar to the matrix of technical coefficients
from the inter-industry transaction matrices employed by Savin et al. (2022) *° to decompose
labor productivity by value chains incorporating the role of trade, a similar application of 10 data
to understand the structure of the economy through value chains that span countries and sectors
when the data are structured by country-sector.
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Where the weight w ipy for sector jj, is calculated as the value of a;, relative to the gross output

of the input sector (GO;) when j, is an input to sector o and relative to the gross output of the
output sector (GO, ) in all other cases (Eq. 3). In addition, we estimated the value added by
margin industries, including transportation, wholesale, and retail trade sectors, which facilitate
the movement and distribution of goods to final consumers. Specifically, where j, is wholesale
and retail trade or transportation, a;, includes the margins reflecting the additional value added
from these sectors into final consumption; a;, is calculated at basic prices in all other cases,
described in further detail below.
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The share (wjpy) is then applied (as a multiplier) to disaggregate the partly AFS industry j, in

equation (Eq. 1). For example, consider j, to be the manufacture of textiles (ISIC Rev. 3 code
D17). The share attributable to AFS reflects the share that uses natural fibers and is estimated as
the value of inputs from primary production (EORA-26 sectors AO1 and A02) into the textiles
and wearing apparel sector (EORA-26 sector A05) relative to the gross output of textiles and
wearing apparel. In this example, j is not an input to the output sector (textiles and wearing
apparel), so we estimate the share of manufacture of textiles (wjpy) that is made from natural
fibers is estimated as the share of agriculture inputs (domestic and imported) into the textiles
sector (a;,) relative to the gross output of the textiles and wearing apparel sector (domestic and
exported) (GO,). Supplementary materials define and provide the rationale for each inter-
industry transaction fraction based on the ISIC Revision 3 categories. The procedure and results
are quite similar for ISIC Revision 4.

We define each relationship with respect to the ISIC category the fraction will be used to
disaggregate. As noted briefly above, for most sectors we compute the shares using the
transactions at basic prices, which are prices received by producers for their goods and services.
Additional services are provided by trade and transportation industries to deliver goods from
producers to consumers. We estimate these margins, focusing by necessity on food and beverage
(which can be isolated as AFS in the Eora-26 framework) as additional value to the bilateral
transactions matrix represented in Eq. 2. The margins are defined as the trade (transportation)
services paid by food service industries divided by the total commodities or services purchased
by food service industries from the upstream agrifood sectors (agriculture, forestry, fisheries, and
manufacturing of food and beverages). This limitation suggests our estimates are a lower bound
on the wholesale and retail trade and transportation sectors. The wholesale and retail trade
margin tables provided by Eora do not disaggregate between wholesale and retail, so we use the
share of wholesale and retail trade in final consumption to disaggregate the trade margin into
wholesale and retail. For wholesale and retail trade margins accruing from international trade, we
attribute the margin value added for the wholesale transaction to the exporter and the margin



value added for the retail transaction to the importer.

An immediate concern is whether these fractions (wjpy) are stable over time. To test this, we
regress the share (wj,y) on year (y), with country fixed effects, for the 101 countries with data
for the full period 1995-2019 (Eq. 4).

Wiy =a+ p1y + Bzcountry + ¢ 4)

The resulting coefficients are plotted in supplementary materials as the point estimate of the
coefficient on time (f;) with error bars for the 95% confidence interval; asterisks indicate
estimates statistically significantly different from zero. Most of the fractions are quite stable over
time (time trends close to and statistically insignificantly different from zero). Several are
statistically significantly different from zero, but still very small in magnitude, indicating
variation over time of less than 0.001% difference in the share of the gross output in question
attributable to AFS from year-to-year. Even the transportation fraction, which appears to show
greater variation over time has a coefficient smaller than 0.001%, a very small difference over
time in practical terms. This stability suggests that the fractions could potentially be calculated
periodically and applied over multiple years, especially under constrained resources to access
and process the IO data. However, sectors in the “hidden middle” of agrifood systems — like
accommodation and food service, transportation, and wholesale and retail trade.

Finally, we merge the fractions with the UNSD and UNIDO data, separately by ISIC Revision.
Of note, for the few cases of ISIC Revision 3 where the country only reports combined main
aggregates (or where we determine that the subordinate aggregates do not sum correctly to the
combined category), we use the combined categories and drop the individual categories where
they were deemed inconsistent. Then we apply the most logical fraction; manufacturing, mining,
and other industrial activity (ISIC Revision 4: B+C+D+E) uses the manufacturing aggregate and
wholesale and retail trade, accommodation, and transport (ISIC Revision 4: G+H+I) uses the
wholesale and retail trade fraction. This will undoubtedly result in an underestimate in the role of
food service and transport for these countries, which include some large nations including the
United States and Australia, but where ISIC Revision 3 data are not available to use instead.
After calculating the AFS share of the partly AFS codes, we harmonize the categories to append
the ISIC Revision 3 and 4 datasets to each other, ensuring no duplicate observations. Wherever
both revisions are available, we use the ISIC Revision 4 data unless UNIDO data are only
available for Revision 3 in that country-year, in which case we use the ISIC Revision 3 data (for
both the main aggregates and manufacturing disaggregated data). The ISIC Revision used per
country-year is shown in supplementary materials.

We use the UNSD and UNIDO data series in nominal local currency. The Eora-26 database is in
US dollar values, but the fraction we create is unitless and can be merged with the UNSD data
without unit conversions. To express value added results in comparable currency, we convert to
nominal US dollars using the International Monetary Fund (IMF) average annual exchange rate
unless the data series contains an adjusted Analysis of Main Aggregates (AMA) rate that is not
equal to the IMF rate. These rates are sourced directly from the UNSD SNA database and the
AMA rate makes adjustments in specific countries and years where rapid economic change was
deemed not accurately captured by the IMF rate *!. Value added as a share of GDP is calculated
from the nominal local currency data. Value added per capita is calculated using the population



statistic also contained in the UNSD database, replicated from the official source of population
statistics, UN Population.

We limit our final dataset to UN member states but preserve non-member state territories (e.g.,
Puerto Rico) until the final stage of our data management workflow so that other researchers
could make a different choice with our replication files. We exclude data for historical states no
longer existing (e.g., Sudan prior to 2011 separation of South Sudan). We triangulate our results
against value added as a share of GDP and gross value added for agriculture in FAOSTAT 32.
We exclude Venezuela (1995-2019) and certain years for Ghana (1995-1999), Sao Tome and
Principe (2001-2019), Belarus (1995-2013), and Turkmenistan (1995-2003) due to extreme
estimates of value added from agrifood systems multiple times total GDP. FAOSTAT similarly
does not have data for Venezuela for value added from agriculture as a share of GDP. We have
preserved these data points in a quality flag variable for replicability, but they are replaced as
missing for the purposes of our analysis presented here.

Finally, to merge different data sources, we used a combination of Area Codes for Statistical Use
(M-49) codes, ISO-alpha3 codes, and country names, due to different identifying information.
We use the R package ‘countrycode’ (version 1.5) with manual review to harmonize country
names across the datasets to official UN country names **. All data management and analysis
were done in R version 4.2.2.

Results

We find that from 1995 — 2019, wholesale and retail trade has become the largest single
contributor at the global level to value added from agrifood system output. It accounts for just
above half (53.7%) of all agrifood system value added by 2019, and exhibits the greatest growth
in the period. Figure 1 shows the global distribution of agrifood system value added in 2019 by
category and region, comprising data for 170 countries (listed with exact values and values as
shares in supplementary materials). In total, agrifood systems contributed nearly $13.1 trillion
(nominal) to global GDP in 2019, 14.7% of the $87.7 trillion global GDP **, or 15.4% of the
total GDP ($84.1 trillion) of the 170 where the value added in agrifood systems can be calculated
(shown in supplementary materials).

Primary production contributes only 25.8% to value added, consistent with results from related
studies '°. However, most value added in Africa remains from primary production (agriculture,
forestry, fishing) accounting for 73.3% of the continent’s agrifood value added, which is a small
share ($485.3 million; 3.7%) of the global agrifood total. On all other continents wholesale and
retail trade is the dominant contributing sector to total agrifood system value added. Just about
half of all global value added comes from Asia (49%, nearly $6.4 trillion), with just under half of
that ($2.9 trillion) from wholesale and retail trade and one third ($2.2 trillion) from primary
production. Post-farmgate activities generate even larger shares of the value added — over 80% —
in the Americas, Europe, and Oceania. Wholesale and retail trade dominates on these continents
as well.



Figure 1. Total value added from agrifood systems by region, 2019.
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Figure 2 shows the sectoral contribution of agrifood systems value added at the country level,
grouped by country income for 2019 (again, N=170 countries). Although the total share of GDP
from agrifood systems is smaller for high income countries (note the different ranges in the x-
axis), they are much more diversified in terms of the sector and sub-sector contribution to GDP.
In a few upper middle-income and high-income countries primary production remains the vast
majority of agrifood system activity but these are mostly isolated (island) nations (e.g., Tuvalu,
Kiribati, Guyana) or countries with resource wealth and limited economic diversification (e.g.,
Equatorial Guinea, Saudi Arabia). Discussed further below, an important caveat that pertains
mostly to lower income countries is that informal sector activities (e.g., unregistered trading and
vending) are much more prevalent (and in some places dominant) in wholesale and retail trade



and food services, and the value addition created by those activities is not included in the official

statistics reflected here .

Figure 2. Value added from agrifood systems, by sector, country, and income level, 2019.
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The share of GDP from all parts of agrifood systems declines as country income increases.
We find that the long-observed pattern that value added in agriculture as a share of GDP
declines with GDP per capita also holds for the rest of agrifood systems (beyond primary
production) (Figure 3). This follows naturally from the widespread empirical finding that



consumer demand for fuels, food, and fibers, the main products of agricultural primary
production, increases with income but at less than a one-for-one rate (i.e., demand is income
inelastic) and similarly from the fact that productivity growth has tended to be higher in
agriculture than in other parts of the economy leading to its smaller share of the total as the
economy grows >*¥7. We find that value added per capita from the manufacturing and
wholesale and retail subsectors of agrifood systems increase relatively linearly with rising per
capita incomes, though the pattern is least consistent at the lowest end of the income range
suggesting there may be an income threshold below which these sectors struggle to grow and
may be more dependent on country context (supplementary materials).

Figure 3. Comparison of value added in agriculture and non-agriculture parts of agrifood systems
relative to GDP per capita, 2019.
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Interesting insights also emerge looking at which countries have the greatest contribution
from the non-primary production parts of agrifood systems even at low levels of GDP per
capita. The top 10% (above the 90" percentile) of countries in terms of the share of GDP
from the value added of agrifood systems excluding primary production include a
heterogenous list of nations from across continents. Shown in supplementary materials, these
countries are Mexico, Kyrgyzstan, Malaysia, Ukraine, Greece, Kazakhstan, Tiirkiye,
Indonesia, Philippines, Thailand, Austria, Lithuania, Canada, Uzbekistan, Sweden, and
Estonia.

Agrifood systems also become more diversified with rising income. Looking closely at the
composition of agrifood systems value added in these outlier countries (supplementary
materials) shows that, consistent with the global results, wholesale and retail trade is the
dominant contributor in most countries. Manufacturing food and beverages is the second
largest category in most countries, however, in several countries this is dwarfed by
transportation. Specifically, transportation dominates in Kyrgyzstan, Ukraine, Kazakhstan,
and Uzbekistan , notably large countries with difficult terrain requiring greater use of
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transportation services. Manufacturing of wood and paper products features prominently in
Estonia, highlighting the role of forestry there. Food service comprises a relatively large
share in only a few countries, including Indonesia, the Philippines, and is greatest in
Thailand. These outliers provide insight into the heterogeneous structure of agrifood systems
across countries and suggest that, while wholesale and retail trade clearly makes a large
economic contribution within agrifood systems, specialization patterns and the scale of
services industries within agrifood systems vary. This heterogeneity likely reflects a
combination of factors (resource endowments, integration with global markets, topography,
country income level, urbanization) which can be further investigated in future research.

A similar pattern emerges in the sectoral/sub-sectoral distribution of value added globally
over time. As Figure 4 shows, the dominant contributor to value added within agrifood
systems beyond primary production is wholesale and retail trade, followed by the production
of foods and beverages, paper/paper products, wood and wood products, and tobacco.
Wholesale and retail trade generates more value added than all agrifood manufacturing
combined. Much of the growth over the 1995 — 2019 period happened in Asia
(supplementary materials), which aligns with the earlier finding that Asia dominates in terms
of global contribution to agrifood systems output value added by 2019.

Figure 4. Changes in global agrifood systems value added over time, by sector excluding primary

production (complete cases only, N=101), 1995-2019.
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Discussion

We show that value added from wholesale and retail trade contributes the largest share — just
over half (53.7%) — of the economic contribution of agrifood systems across countries in
2019, while primary production accounts for only 25.8%. Of the remainder, we show that
manufacturing of foods, beverages, and other products made from agricultural raw materials
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(including forestry and fishing) contributes much more value added and larger shares of GDP
than the agrifood system activities in transport, food service, or any other agrifood system
output. Further, we develop a practical methodology using fractions of relationships in input-
output transaction data to represent a share of each partially agrifood economic sector that
can be attributed to agrifood systems, drawing estimations from the foundational work by Yi
et al (2025) ?°, while addressing both food and non-food agricultural sectors. In estimating
the disaggregation of economic statistics that combine agrifood and non-agrifood activities
our approach could be useful for similar exercises focused on agrifood systems and relying
on data using official sectoral classification. Our analysis helps to further understanding of
the role of agrifood systems in the global economy and at the country level and can be used
to set priorities towards agrifood system transformation goals and monitor outcomes ’.

In this paper, we provide comprehensive, transparent, and replicable global estimates of
value added in agrifood systems. We estimate total value added in 2019 to be $12.9 trillion,
for 170 countries reflecting 94.1% of the global population and 95.5% of global GDP.
Agrifood systems contribute 14.7% to total global GDP (of $87.9 trillion), or 15.4% of the
total GDP ($84.1 trillion) of the 170 where the value added in agrifood systems can be
calculated. Wholesale and retail trade contribute more value added than any other parts of
agrifood systems (53.7%), with primary production accounting for only 25.8% of total
agrifood system value added. We find that high income countries have much more
diversified agrifood systems compared to lower income countries, though nearly all countries
have some output value added from the non-primary production parts of agrifood systems.
Relatedly, value added from agrifood systems as a share of GDP decreases with income
(GDP per capita) even when looking only at the parts of agrifood systems beyond primary
production. This shows that the post-farmgate segments of agrifood value chains follow the
well-recognized pattern of structural transformation where the GDP share from agriculture
declines with income 31314,

After wholesale and retail trade, the manufacture of food and beverage products is the largest
sub-sector contributor to total global value added outside of primary production. However,
the manufacturing sector remains nascent in many places and even in places showing fast
growth, it is occurring is from a very modest starting point 3218, That being true for
manufacturing overall, we find the share of agrifood manufacturing in GDP is 11.3% in
Africa, not far behind the 14-16% found in Asia, Europe, and Oceania (supplementary
materials). While the importance of the food and beverage manufacturing sector may appear
to reflect a growth opportunity, further food manufacturing must contend with the health and
nutritional consequences of the energy-dense, nutrient-poor products that have been a major
driver of the industry’s past growth. These products and the dietary transition to which they
contribute are associated with increasing prevalence of obesity and non-communicable
diseases (NCDs) throughout the world 3°. The consumption of ultra-processed foods and
sugar-sweetened beverages has been growing rapidly across low-income countries, even in
rural areas, alongside increasing prevalence of obesity and NCDs *%*!, Similarly,
manufacturing includes slaughter, meatpacking, and dairy processing therefore also
reflecting global growth in animal source food consumption over this period, which are
similarly associated with the rise in NCDs *?. That this sub-sector is the second-largest within
agrifood systems after primary production highlights an important potential tradeoff and a
need to transition away from unhealthy and unsustainable food and beverage products in a
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way that does not undermine growth and employment goals *3*. Achieving those multiple
goals requires good governance of food systems transformation, especially attention to
political economy factors and institutional mechanisms for coordination within and across
countries and sectors **#, Recent evidence shows one promising approach is through
policies to incent product reformulation to improve health, though it requires complementary
policies to fully address the nutritional challenges posed by current food environments +”.
Taking a systems approach that can anticipate and guide decisions around tradeoffs and
synergies is essential and requires, among other things, new data that is disaggregated in
ways that are meaningful for agrifood systems policy, planning, and governance ’.

Our estimate of value added from primary production in 2019 ($3.4 trillion) compares
favorably with the estimate in FAOSTAT ($3.5 trillion) and the World Bank’s estimate of
gross output value of agriculture in 2019 ($3.5 trillion), with the small differences likely
accounted for by different data sources (United Nations Statistical Division (UNSD) in the
case of our estimates and FAOSTAT vs. World Bank input-output tables) and the 24
countries for which there are no data in our analysis for 2019 ¥4, Our finding that primary
production accounts for only 25.8% of total value added is also consistent with recent
estimates that >70% of consumer food expenditures accrue to post-farmgate segments of
agrifood value chains !°. This shows that the patterns of value addition accrual specific to
consumer food expenditure recently revealed by Yi et al (2021) '° and expanded for
inclusion in the FAOSTAT database *, are mirrored in the rest of agrifood systems.

A number of methodological differences exist between the Yi et al (2021) '° and present
study that merit delineation to underscore the importance of such consistent results. First, we
estimate value added from all agrifood system primary production not just that associated
with consumer food expenditures ', i.e., we work from upstream to downstream, not vice
versa and we include non-food products. Looking at the destination of primary production
using the 10 data (supplementary materials), we can see that only half of primary production
(52.6%) goes into food and beverage manufacturing and just 4.6% on top of that goes
directly into hotels and restaurants, wholesale, or retail trade. The remainder (42.8% in 2019)
generates value added that does not go into value chains that produce consumer food
products and services and therefore would not be part of decomposition analysis of consumer
food expenditure. Second, our analysis includes a greater number of countries and more low-
income countries than in Yi et al (2021) '°, and primary production still dominates in the
economies of low-income countries. Third, in order to incorporate more countries and a
longer time series, we use Eora data rather than OECD input-output data. Fourth, we include
international trade, while (10) focuses solely on domestic value chains, which necessarily
omits all primary production that is exported for processing or consumer purchase in other
countries. We thus consider these new estimates to be more comprehensive than prior
published global estimates, yet they remain wholly consistent with the prior insights. These
results are also consistent with Yi et al (2025) 2°, which develops a parallel method working
instead from consumer food expenditures upstream to primary production, similarly
disaggregating value addition by sector, including international trade, and tapping the longer,
more comprehensive Eora time series data.

Our findings open several avenues for future research. First, systematic comparisons with
other related research, similar to model intercomparison exercises, would help to triangulate
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conclusions and understand the drivers of differences. Specific comparisons are warranted
with global economywide models (e.g., *°), final consumer demand disaggregation methods
at the country and global levels '>°°, and other methods for reconciling international system
of national accounts data °'. Second, additional methods could be applied to triangulate our
findings. Comparing retail to import costs for commonly traded foods would better explain
the role of trade in ingredients to total value addition *2. And applying the approach of Yi et
al (2021) '° to final products for an expanded list of products beyond consumer food would
illuminate how value addition accrues along these additional agrifood value chains.

Relying on official statistics means the quality of the input data in our analysis depends on
countries’ reporting choices and capacity and excludes any value addition in final goods and
services in the informal economy. Some countries only report data that combines even main
aggregate categories. We have disaggregated these categories with the fraction method (see
Materials and Methods) as a second best measurement option. Supplementary materials
shows the source of manufacturing sector data (United Nations Industrial Development
Organization (UNIDO) or estimated) by country-year. Of specific note, the ISIC Revision 4
data for many large countries, including the United States, report only a combined value for
the main aggregates of wholesale and retail trade, transportation, and accommodation and
food service. In conservatively assigning the wholesale and retail trade fraction to
disaggregate this category, we are undoubtedly underestimating value added in
accommodation and food services, and which will affect the global totals given that several
of the world’s largest economies are included in those who report only this combined
aggregate. Data on the informal economy might reveal more sector and sub-sector diversity
in low-income countries than we observe.

Future research could integrate additional datasets, such as those available from national
statistics offices of the affected large countries, so that the patterns over time and in relation
to economic development could be further interrogated especially in the manufacturing,
wholesale, retail, and food service sub-sectors. Lastly, we could not identify any adequate
inter-industry transaction fraction to disaggregate the data for certain categories that are
conceptually partially attributable to agrifood systems. Specifically, in International Standard
Industrial Classification of all economic activities (ISIC) Revision 3 these are recycling
(under manufacturing) and other services which contains washing of textiles. Taken together,
these limitations suggest our estimates are likely to be a lower bound on the value added
from agrifood systems’ output. Future research can extend this analysis as more countries
report ISIC Revision 4 data and disaggregated data for the manufacturing sector.

This study demonstrates how existing data can be used to close data gaps that emerge in the
transition from policy objectives aligned to economic and industrial sectors to policy
objectives focused on cross-cutting and multisectoral objectives such as food systems
transformation. Taking official statistics as the starting point for this analysis ensures that our
results maintain fidelity to the data governments endorse and are not in conflict with any
official statistics. We aim, thereby, that these results are easy for governments to incorporate
into their food system transformation planning and monitoring. The classification of all ISIC
codes by relation to agrifood systems (SI “Metadata and Codebook’) enables numerous
researchers to better understand agrifood systems and build a consistent evidence base. In
addition, these data fill an important gap in monitoring global agrifood systems ’.
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Supplementary materials exceed page limits and are available from the authors on
request.

References

1. Barrett CB, Benton T, Fanzo J, et al. Socio-Technical Innovation Bundles for Agri-Food
Systems Transformation. Cham: Springer International Publishing. Epub ahead of print
2022. DOI: 10.1007/978-3-030-88802-2.

2. Chenarides L, Manfredo M, Richards TJ. COVID-19 and Food Supply Chains. Applied
Economic Perspectives and Policy 2021; 43: 270-279.

3.  COP28 UAE. COP28 Presidency puts food systems transformation on global climate
agenda as more than 130 world leaders endorse Food and Agriculture Declaration,
https://www.cop28.com/en/news/2023/12/COP28-UAE-Presidency-puts-food-systems-
transformation (2023, accessed 8 December 2023).

4. Fan S, Teng P, Chew P, et al. Food system resilience and COVID-19 — Lessons from
the Asian experience. Global Food Security 2021; 28: 100501.

5.  Geels FW, Kern F, Clark WC. System transitions research and sustainable
development: Challenges, progress, and prospects. Proceedings of the National
Academy of Sciences 2023; 120: €2206230120.

6. Herrero M, Thornton PK, Mason-D’Croz D, et al. Articulating the effect of food
systems innovation on the Sustainable Development Goals. The Lancet Planetary
Health 2021; 5: e50—62.

7. Schneider KR, Fanzo J, Haddad L, et al. The state of food systems worldwide in the
countdown to 2030. Nat Food 2023; 4: 1090-1110.

8.  Barrett CB, Reardon T, Swinnen J, et al. Agri-food Value Chain Revolutions in Low-
and Middle-Income Countries. Journal of Economic Literature 2022; 60: 1316—1377.

9. Halpern BS, Cottrell RS, Blanchard JL, et al. Putting all foods on the same table:
Achieving sustainable food systems requires full accounting. Proceedings of the
National Academy of Sciences 2019; 116: 18152—18156.

10. YiJ, Meemken E-MM, Mazariegos-Anastassiou V, et al. Post-farmgate food value
chains make up most of consumer food expenditures globally. Nature Food 2021; 2:
417-425.

11. HLPE. Nutrition and food systems. A report by the High Level Panel of Experts on
Food Security and Nutrition of the Committee on World Food Security. HLPE Report,
Rome: Committee on World Food Security, http://www.fao.org/3/17846e/17846e.pdf
(2017).

12. FAO. The State of Food and Agriculture 2023. Rome: FAO. Epub ahead of print 6
November 2023. DOI: 10.4060/cc7724en.

13. Barrett CB, Carter MR, Timmer CP. A Century-Long Perspective on Agricultural
Development. American Journal of Agricultural Economics 2010; 92: 447-468.

14. Timmer CP. The Agricultural Transformation. In: Handbook of Development
Economics, pp. 275-331.

15. Fanzo JC, Covic N, Dobermann A, et al. A research vision for food systems in the
2020s: Defying the status quo. Global Food Security 2020; 26: 100397.

16. Lenzen M. Aggregation Versus Disaggregation in Input—Output Analysis of the
Environment. Economic Systems Research 2011; 23: 73—89.

17. Lenzen M, Moran D, Kanemoto K, et al. Building EORA: A global multi-region input-

15



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

output database at high country and sector resolution. Economic Systems Research
2013; 25: 20-49.

United Nations, European Commission, International Monetary Fund, et al. (eds).
System of national accounts 2008. New York: United Nations, 2009.

Christiaensen L, Maertens M. Rural Employment in Africa: Trends and Challenges.
Annual Review of Resource Economics 2022; 14: 267-289.

Fox L, Thomas A. Africa’s Got Work To Do: A Diagnostic of Youth Employment
Challenges in Sub-Saharan Africa. Journal of African Economies 2016; 25: 116—-i36.
Reardon T. The hidden middle: the quiet revolution in the midstream of agrifood value
chains in developing countries. Oxford Review of Economic Policy 2015; 31: 45-63.
United Nations Statistics Division. International Standard Industrial Classification of
all economic activities (ISIC), Rev. 4. ST/ESA/STAT/SER.M/4/Rev.4, New York:
United Nations, 2008.

United Nations Statistics Division. International Standard Industrial Classification of
all economic activities (ISIC), Rev. 3. Statistical Papers 4, New York: United Nations,
https://unstats.un.org/unsd/classifications/Econ/Download/In%20Text/ISIC_Rev_3 En
glish.pdf (1990, accessed 8 December 2023).

OECD. The 2008 SNA — changes from the 1993 SNA. Paris: OECD. Epub ahead of print
14 December 2015. DOI: 10.1787/na_glance-2015-3-en.

United Nations Industrial Development Organization Statistics Division. Industrial
Statistics Database (INDSTAT) User’s Guide, https://stat.unido.org/pdf/Inst32-online-
UserGuide 2402619451797638449.pdf (2020, accessed 14 April 2023).

United Nations Statistics Division. International Standard Industrial Classification of
all economic activities (ISIC), Rev. 3.1. ESA/STAT/SER.M/4/Rev.3.1, New York:
United Nations. Epub ahead of print 2002. DOI: 10.18356/8722852c-en.

Leontietf WW. Input-Output Economics. Scientific American 1951; 185: 15-21.

Miller RE, Blair PD. Input-Output Analysis. Cambridge University Press. Epub ahead
of print December 2021. DOI: 10.1017/9781108676212.

YiJ, Jiang S, Tran D, et al. Agrifood value chain employment and compensation shift
with structural transformation. Nat Food 2025; 1-13.

Savin I, Mundt P. Drivers of productivity change in global value chains: Reallocation
vs. Innovation. Economics Letters 2022; 220: 110878.

United Nations Statistics Division. Methodology for the National Accounts. New Y ork,
NY': United Nations Statistics Division,
https://unstats.un.org/unsd/snaama/assets/pdf/methodology.pdf (2008).

FAO. FAOSTAT: FAO Statistical Databases, http://www.fao.org/faostat/en/ (2024,
accessed 3 April 2021).

Arel-Bundock V, Enevoldsen N, Yetman C. countrycode: An R package to convert
country names and country codes. Journal of Open Source Software 2018; 3: 848.
World Bank. World Development Indicators, https://data.worldbank.org (2024,
accessed 11 February 2024).

Christiaensen L, Martin WJ. Agriculture, structural transformation and poverty
reduction: Eight new insights. World Development 2018; 109: 413-416.

Anderson K. On Why Agriculture Declines with Economic Growth. Agricultural
Economics 1987; 1: 195-207.

Martin W, Mitra D. Productivity Growth and Convergence in Agriculture versus

16



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Manufacturing. Economic Development and Cultural Change 2001; 49: 403—422.
Townsend RM, Benfica R, Ashesh Prasann, et al. Future of Food: Shaping the Food
System to Deliver Jobs. Washington, DC: World Bank,
https://openknowledge.worldbank.org/handle/10986/26506 (2017).

Pagliai G, Dinu M, Madarena MP, et al. Consumption of ultra-processed foods and
health status: a systematic review and meta-analysis. British Journal of Nutrition 2021;
125: 308-318.

Popkin BM. Relationship between shifts in food system dynamics and acceleration of
the global nutrition transition. Nutrition Reviews 2017; 75: 73-82.

Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double burden of
malnutrition and the changing nutrition reality. The Lancet 2020; 395: 65-74.

Miller V, Reedy J, Cudhea F, et al. Global, regional, and national consumption of
animal-source foods between 1990 and 2018: findings from the Global Dietary
Database. The Lancet Planetary Health 2022; 6: e243—e256.

FAO, UNIDO. Developing sustainable food value chains - Practical guidance for
systems-based analysis and design. Rome and Geneva: FAO; United Nations Industrial
Development Organization; Epub ahead of print 26 January 2024. DOI:
10.4060/cc9291en.

Resnick D, Swinnen J. Food systems transformation requires strategic attention to
political economy. Nat Food 2023; 4: 1020-1021.

United Nations Secretary-General. Making food systems work for people and planet UN
Food Systems Summit +2: Report of the Secretary-General. Rome: United Nations,
https://www.unfoodsystemshub.org/docs/unfoodsystemslibraries/stocktaking-
moment/un-secretary-general/unfss2-secretary-general-report.pdf?sfvrsn=560b6fa6 19
(2023, accessed 18 April 2024).

Biesbroek S, Kok FJ, Tufford AR, et al. Toward healthy and sustainable diets for the
21st century: Importance of sociocultural and economic considerations. Proceedings of
the National Academy of Sciences 2023; 120: €2219272120.

Fanzo J, McLaren R, Bellows A, et al. Challenges and opportunities for increasing the
effectiveness of food reformulation and fortification to improve dietary and nutrition
outcomes. Food Policy 2023; 119: 102515.

Cerilli S, Vollaro M, Boero V, et al. Estimating the food value chain decomposition by
industries and primary factors. 24—41, Rome: Food and Agricultural Organization of
the United Nations. Epub ahead of print 8 May 2024. DOI: 10.4060/cd0532en.

Britz W. Disaggregating Agro-Food Sectors in the GTAP Data Base. Journal of Global
Economic Analysis 2022; 7: 44-75.

Canning P, Weersink A, Kelly J. Farm share of the food dollar: an IO approach for the
United States and Canada. Agricultural Economics 2016; 47: 505-512.

Thurlow J, Holtemeyer B, Jiang S, et al. Measuring agrifood systems: New indicators
and global estimates, https://hdl.handle.net/10568/174848 (2025, accessed 18
September 2025).

Gilbert R, Costlow L, Matteson J, et al. Trade policy reform, retail food prices and
access to healthy diets worldwide. World Development 2024; 177: 106535.

Davis B, Mane E, Gurbuzer LY, et al. Estimating global and country-level employment
in agrifood systems. Rome: FAO. Epub ahead of print 2023. DOI: 10.4060/cc4337en.

17



