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Abstract

Recent shortages and price volatility have exposed vulnerabilities in international agri-
food value chains. This paper develops a new framework for measuring trade diversi-
fication based on Hill numbers, which capture both the extensive and intensive mar-
gin of trade connections. Using HS6-level bilateral data for 188 countries from 2000 to
2022, I first document global patterns of diversification and concentration across agri-
food sectors. The descriptive evidence shows that most countries trade with many part-
ners in principle, yet effectively rely on only a few, especially for grains and oilseeds. I
then estimate the effect of import and export diversification on within-year food price
volatility using a shift-share instrumental-variable design that exploits exogenous for-
eign sector-level shocks weighted by lagged bilateral trade exposure. The empirical re-
sults show that more balanced and diversified import portfolios are strongly associated
with lower food price volatility, whereas export diversification plays a more limited
role. Policies encouraging diversification can reduce food price volatility but involve
trade-offs between efficiency from international specialization and resilience of the
input-output network.

Keywords: international agricultural trade; diversification; food price volatility; re-
silience; global agrifood value chains

JEL classification: Q17, F14, E32

1. Introduction

Recent volatility in agricultural prices, along with shortages in some regions,
has highlighted the lack of resilience in global agri food systems. While inter-
national trade plays a key role in balancing food supply and demand across
countries, many agri-food imports and exports remain heavily concentrated
among a limited number of trading partners. The lack of diversification in in-
ternational food sourcing amplifies supply shocks, trade policy changes, and
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2 B. Dalheimer

geopolitical disruptions which ripple through food supply chains and may re-
duce resilience of food supply around the globe.

This paper investigates how the lack of diversification of global agri-food
imports and exports affects food price volatility and by extension compromises
food systems resilience. Trade theory predicts efficiency gains from specializa-
tion and international trade, yet it also predicts geographic concentration of
production which can imply vulnerabilities through supply chains to envi-
ronmental or policy shocks that occur in foreign countries. This duality im-
plies that the degree of diversification (concentration) of international trade
on both the import and export side determines how robust agri-food systems
are to domestic and international shocks.

I propose a framework to measure global agri-food trade diversification
and estimate its effect on food price volatility. Using BACI data (Gaulier and
Zignago, 2010) at the six-digit product code level, I construct Hill numbers
(Hill, 1973) or number equivalents, to construct measures which balance uni-
formity (or evenness, measuring the intensive margin), and richness (or num-
ber of links, measuring the extensive margin) of international agri-food trade.
First, I provide a descriptive overview of concentration and diversification of
agri-food trade. Second I use a shift-share instrumental variable (SSIV) design
to estimate the effect of import and export diversification on the coefficient of
variation (CV) of monthly national food prices in a country-level panel of 188
countries during 2000-2022.

Four key findings emerge from this work. First, international food trade is
not diversified. Second, agri-food trade is not diversified not because countries
lack potential trading connections, but because trade volumes are unevenly
distributed among the partners they do have. Third, trade concentration is het-
erogeneous. It is more pronounced for lower-income countries and primary
commodities than for higher-income countries and processed foods, and has
been increasing since 2016 after a sustained period of global diversification.
Fourth, food price volatility is strongly associated with trade concentration,
more strongly so with the evenness of trade shares than with the number of
trade partners, and more on the import than on the export side.

With regards to food policy, these findings emphasize the role of balanced
import portfolios in improving market-related food systems resilience. Com-
pared with self-sufficiency policies, which add at best one more supply coun-
try to the input-output network, adding more reliable sources and destina-
tion markets is a more promising approach than focusing on domestic activity
alone. However, as both higher efficiency and specialization are key outcomes
of international agri-food trade, diversification policies will trade-off losing
gains from trade against more resilient food markets at home.

This study contributes to the literature in three ways. First, this paper pro-
poses Hill numbers as a measure of international import and export con-
centration (diversification). While the literature has used the Herfindahl-
Hirschman Index (HHI) to measure concentration, the Hill numbers frame-
work reconciles several concentration measures and distinguishes them by
their relative weighting between intensive and extensive margins, allowing
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more nuanced diversification analyses. Equipped with this new measure, this
paper contributes to a growing literature examining the resilience of global
food systems through the lens of trade structure. Earlier work documents
how growing trade integration has improved supply diversity but also in-
creased systemic exposure to disruption (Kummu et al., 2020; Arita et al., 2022;
Dalheimer and Bellemare, 2026). Network-based analyses have shown that
concentrated trade relationships can amplify the propagation of shocks across
countries (Karakoc and Konar, 2021; Wang and Liu, 2023).

Second, the literature on agri-food trade policy and market stability has fo-
cused on food self-sufficiency and trade dependence (e.g. Clapp, 2017; Puma,
2019; Kiloes et al., 2024; Haqiqi and Hertel, 2026), policy co-ordination (e.g.
Gouel, 2016), regulation and standards (e.g. Bemelmans et al., 2023; Fiankor
et al., 2024), trade and price support policies (Josling and Tangermann, 1999;
Jayne et al., 2006; Anderson et al., 2013; Rude and An, 2015; Pieters and
Swinnen, 2016; Gaigné and Gouel, 2022; Raimondi et al., 2023; Nes et al.,
2025b; Schaefer and Wolf, 2025; Hoffmann et al., 2026; Martin et al., 2026),
storage policies (Gouel, 2014; Gouel and Wright, 2026; Dalheimer et al., 2026b)
and sanctions (Fedoseeva and Herrmann, 2019; Larch et al., 2024; Tian 2026),
while the relationship between trade diversification and market stability has
been largely overlooked.

Trade theory suggests that, while trade induces welfare gains through
specialization and efficiency, it also introduces vulnerabilities. For instance,
Turnovsky (1974) and Batra and Russell (1974) demonstrate that trade can in-
crease supply uncertainty, to the extent that welfare could even be lower than
under autarky for countries where consumers are particularly risk-averse.
Similarly, Feder et al. (1977) show that the increased uncertainty of prices
incentivizes countries to reduce trade dependence in favor of optimizing do-
mestic storage—production-consumption relationships. Newbery and Stiglitz
(1984) argue that global price shocks can lead to allocative responses that
reduce welfare, even in open economies. Some empirical evidence supports
these theoretical insights, with studies showing that trade dependence can
negatively affect business performance and exacerbate vulnerabilities in the
domestic market (e.g. Appelbaum and Kohli, 1997, 1998; Gouel, 2012; Novy
and Taylor, 2020; Allen and Atkin, 2022), and that policy is more likely to be
trade restrictive when faced with random shocks (e.g. Amodio et al., 2024;
Nes et al., 2025a). Conversely, reducing trade-related uncertainty can yield
stronger welfare gains than simply lowering trade barriers (Limao and Maggi,
2015; Gervais, 2021). Yet, several papers on the export side show that firms
tend to concentrate their business activities into few international trade re-
lationships (Arkolakis and Muendler, 2013; Fiankor, 2023; Beck et al., 2024;
Villoria, 2025) suggesting that international shocks will be amplified rather
than buffered through trade. This paper builds on this literature by pro-
viding empirical evidence on how diversification within trade networks—
rather than reliance or self-sufficiency per se—affects the stability of agri-food
sectors.
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Third, the literature on supply chain concentration in food and agricul-
ture has primarily focused on domestic markets, particularly in US food sys-
tems, and on the firm level in international contexts. Richards et al. (2025),
Saitone et al. (2024), Hadachek et al. (2024), Stevens and Teal (2024), Wahdat
and Lusk (2023) and Ma and Lusk (2021) analyse the impact of concentration
in domestic food supply chains, emphasizing how reliance on a few suppliers
compromises resilience. International firm-level evidence further highlights
the importance of diversification for managing policy shocks and mitigating
risks (e.g. Beck et al., 2024; Fiankor et al., 2024). Dalheimer and Bellemare
(2026) show that global agri-food value chain integration may increase price
volatility and suggest that concentration trade relations could be the trans-
mission channel while Clapp (2023) offers qualitative insights on multilevel
concentration in global food supply industries. This paper offers a macroe-
conomic country-level perspective by examining how concentration and di-
versification in international trade flows influence food price volatility at the
country level.

The remainder of this paper proceeds as follows. Section 2 provides de-
scriptive statistics and figures on the diversification of international food
trade. Section 3 develops the empirical model. Section 4 presents the effect
of import and export concentration on food price volatility. Section 5 dis-
cusses the findings with regards to food policy, and Section 6 concludes the

paper.

2. Diversification measures and data

Resilience of agri-food systems has been defined in several ways, focusing
on various dimensions. While one strain of the literature emphasizes so-
cial and environmental vulnerabilities in food systems’ resilience concepts
(Tendall et al., 2015; e.g. Seekell et al., 2017), this study focuses on the mar-
ket and supply-chain aspects of resilience. Specifically, the availability and
affordability of food during crises. Since food production is climate and
region-specific and consumers often live far from production sites, trade and
global value chains are key to food availability and accessibility. With glob-
alized food production, shocks in one part of the world have implications in
others.

Drawing on portfolio theory, diversified sourcing spreads random risk and
reduces a country’s exposure to idiosyncratic shocks. Risks can be minimized
by maximizing the number of assets and minimizing correlated. This logic
has been applied in recent trade and network stability models (Gervais, 2018;
Elliott et al., 2022; Baqaee and Farhi, 2024), which show that shocks propagate
more intensely in centralized networks. In this context, import concentration
can increase the exposure to supply disruptions or policy shocks in partner
countries, while diversified sourcing provides more resilience. Vice versa, re-
liance on a small number of buyers may increase a country’s exposure to ex-
ternal demand, supply or policy shocks.
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2.1 Hill numbers

Information theory, biology, physics and economics use diversity measures
to describe system resilience. To quantify diversification, various indicators
offering unique insights into the system’s composition have been developed.
Among these, the use of numbers equivalent, or Hill numbers® has emerged
as a robust approach to interpret diversity measures as the effective num-
ber of elements, thereby providing an intuitive and comparable framework
(Adelman, 1969; Patil and Taillie, 1982; Jost, 2006). Traditional concentration
measures in economics, such as the Herfindahl index, can be transformed
into numbers equivalents to represent the effective number of equally impor-
tant categories. This transformation aids in addressing the skewed nature of
raw indices, which may obscure the underlying dynamics of concentration
and dispersion, as diversity is a multifaceted construct encompassing richness
(number of links), evenness (distribution of shares across links) and disparity
(difference between links) (Jost, 2006).

Hill numbers aim at capturing the effective number of categories in a sys-
tem, and are derived from the concept of the generalized entropy index and
incorporate a sensitivity parameter (q) that adjusts the emphasis on evenness
of categories:

R\ T3
qu(zs‘g> , (1)

where, R is the total number of categories (e.g., links or suppliers), s; repre-
sents the share of the ith category in the system and q is the sensitivity pa-
rameter. When q = 0, Dy measures richness (the total number of categories),
providing a measure that is only sensitive to the total number of categories.

q
When q = 1, D, is undefined but its limit lin} D = exp (— Zil s; In si>, with
q—)

Ins; x s; = 0 for p; = 0, is the exponential of the Shannon entropy and mea-
sures the effective number of categories, emphasizing evenness and richness
to the same extent. When q = 2, D, corresponds to the Herfindahl index, giv-
ing higher weight to dominant categories. This measure has been widely used
to measure industry concentration.

Hill numbers can help assess how diversification within agri-food trade
varies depending on the weighting of category dominance. For example, D,
provides a basic count of input suppliers or output markets but does not ac-
count for disparities in importance of each of the suppliers or markets. D
captures the balance across categories, considering the evenness of reliance
on different supply sources or markets and describe effective number of links.
The measure translates the actual number of input suppliers (output markets)
to the hypothetical number of equally important input suppliers (output mar-
kets). D, gives more weight to the degree of concentration compared with the

1 The term “Hill numbers” originates from the work of ecologist Mark Hill, who introduced this
framework in 1973 to unify various diversity indices used in ecological studies (Hill, 1973).
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6 B Dalheimer

number of categories. Using this framework, diversification measures can be
derived by varying q.

2.2 Diversification measures

Number of trade links. The total number of trade links (Dy), or how many
countries one country trades with, is a straightforward measure of richness,
representing the variety of connections of a global agri-food system. A high
number of trade links suggests a wide array of source or destination countries
for commodities. However, this metric does not account for the distribution
of trade volumes among links.

Effective number of trade links. The effective number of links represents
the number of equally significant categories that would produce the observed
level of diversity. Using the Hill numbers framework, the effective number at
q = 1 may be expressed as its limit:

R
D1 = — Zsi lnsi. (2)
i=1

This transformation expresses diversity in terms of an equivalent count of
equally important trade links or categories.

Normalized effective number of trade links. To facilitate comparisons
across systems with varying sizes or scales, the normalized effective number
adjusts the effective number relative to the maximum possible diversity for
the given system size. For a system with R categories, the normalized effec-
tive number is:

D
Normalized Effective Number = ?1 3)

This measure contextualizes diversity within the system’s potential range
and describes the extent to which diversification is maximized. A low nor-
malized effective number indicates unrealized diversification potential, even
if the absolute effective number appears large.

HHI. The HHI, also known as the Simpson Index in diversity studies, mea-
sures the concentration of trade across categories. It is calculated as

R
HHI =) s, “)
i=1

where s; is the proportion of trade attributed to the ith link. The HHI ranges
from 0 (perfectly uniform distribution) to 1 (complete concentration in a sin-
gle category). As a concentration metric, the HHI measures vulnerabilities
arising from over-reliance on dominant partners or commodities. Compared
with the effective number of links, the HHI gives more weight to dominant
trade connections. In the descriptive analysis of Section 2, following conven-
tion in the industrial-organization literature, I report the HHI on a 0-10,000
scale (i.e., based on percentage shares, with values above 1,500 indicating
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market concentration). In the econometric analysis of Section 3, I use the
equivalent 0-1 share-based scale. Both constructions represent the same
statistic and differ only by a factor of 10,000.

Gini coefficient. Another common measure, complementary to numbers-
equivalents indicators, yet widely used is the Gini coefficient. It measures in-
equality within the distribution of trade shares across categories:

G— Zf=1 Zf:l Isi — s,
2RYL, s

The Gini coefficient ranges from 0 (perfect equality) to 1 (maximum in-
equality). Unlike the HHI, which focuses on concentration, the Gini coef-
ficient captures disparities across the entire distribution, making it particu-
larly valuable for identifying systems with moderate imbalances rather than
extreme concentrations.

In summary, these indicators allow to measure concentration of interna-
tional trade by (i) identifying the breadth of import and export connections
of a country, (ii) quantifying concentration and its implications for systemic
risks, (iii) contextualizing diversification within the system’s maximum po-
tential and (iv) highlighting distributional inequalities that may compromise
resilience of food supply.

(5

2.3 Data

I use the HS96 version at the six-digit product level from BACI of CEPII
(Gaulier and Zignago, 2010) and define agri-food trade using HS chapters 01—
23, which include live animals, meat, dairy, vegetables, fruits, grains, oilseeds
and food-related agricultural raw materials. This scope follows common clas-
sifications in agricultural trade analysis and is consistent with several other
authors (e.g. Gaigné and Gouel, 2022). The dataset contains annual bilateral
import and export data of 188 countries from 2000 to 2022.

For the descriptive analysis by sectors, I group commodities of HS chapters
01 through 05 into animal and animal products, 06 through 08 into vegetables
and fruits, 09 into coffee, 10 and 11 into cereals, grains and flour, 12 through 15
into oilseeds and products, 17 into sugar, 18 into cocoa and 16 and 19 through
23 into processed foods.

For the empirical analysis, I combine these data with food price data from
FAOSTAT monthly food consumer price index (CPI) database.? FAO’s Food
Price Index (FCPI) tracks retail price movements of all food items consumed
by households. This includes cereals, meat, dairy, oils, fruits, vegetables and
sugar, among others.

While the FCPI is weighted by domestic consumption and the trade data
reflect international flows, both datasets cover the same broad set of food sta-
ples that shape availability and pricing in domestic markets. Thus, while not
identical in structure, the FCPI and trade exposure variables are compatible

2 Data available at https://www.fao.org/faostat/en/#data/CP.
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Fig. 1. Cross-country distributions of trade diversification in the food and agriculture sector over
time.

Each ridge displays the kernel density of the cross-country distribution for a given year. Solid
horizontal ticks (or lines) mark cross-country means The first the average numbers of import or
export countries Dy = R, the fourth the Shannon exponential, or effective number of trade part-
ners (D; = — Zf;l s; Ins;.), the third the Herfindahl (or Herfindahl-Hirschman) Index, D, =
Zf: 187 x 10, 000 where values over 1,500 indicate market concentration, the fourth the normal-
ized number of effective trade partners (ePr /Dy), which ranges from 0 to 1, with lower values
indicating skewed distributions, and the fifth the Gini coefficient, where 1 means 1 per cent of
countries supply 100 per cent of the good, and 0 means equal contribution from all countries, of
agri-food sectors.

for analysing how concentrated sourcing patterns relate to food price volatility
at the national level.

2.4 Descriptive results

Before examining the effects of trade diversification on market stability, I de-
scribe the compiled measures of diversification using several graphs. In par-
ticular, I compile the five indicators for each country’s agri-food sector, which
represents the aggregate trade value of all agri-food commaodities, as well as
for the country-product level. Section 1.1 of the Supplementary material lists
maps of global distribution of import and export concentration measures and
depict the development of diversity measures over time.

Global agri-food trade is not diversified because of a lack of uniformity, not
because of a lack of richness. Figures 1 and 2 show the distribution of diversity
measures of the entire food and agriculture sectors (Fig. 1) and for individual
commodities of the sector (Fig. 2). While the number of export and import
partner countries averages at around 70-90, the distribution is skewed to the
left. Most countries trade with far fewer partners than the mean suggests. This
is further evidenced in the Shannon exponential, HHI and Normalized Shan-
non exponential. Effectively, countries trade with about 15-16 partners, while
the majority of national agri-food sectors are connected to only 4-5 partners.
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Fig. 2. Cross-commodity distributions of trade diversification in food and agriculture over time.
Each ridge displays the kernel density of the country-commodity (HS6) distribution for a given
year, in contrast to Fig. 1, which aggregates at the country level across all agri-food products.
Here, each observation represents one country’s export or import pattern in a specific agri-food
product at the HS6 level. Solid horizontal ticks (or lines) mark means. The first panel reports
the average number of trading partners (Dy = R); the second the Shannon exponential, or ef-
fective number of trade partners (D; = e~ TEysiin 5i); the third the Herfindahl-Hirschman Index
(Dy = Zle si2 x 10,000), where values above 1,500 indicate market concentration; the fourth the
normalized effective number of partners (eP! /D), which ranges from 0 to 1 with lower values
indicating skewed partner shares; and the fifth the Gini coefficient, where 1 indicates that one
partner supplies all trade and 0 denotes perfect equality across partners.

In terms of the HHI, such agri-food sectors do not necessarily mean that they
are concentrated, as the bulk of observation is close to or lower than the 1,500
threshold which would indicate a competitive market. However, this number
reflects the weight given to large shares of that distribution, as indicated by
the normalized Shannon exponential, which tells us that most agri-food sec-
tors rely on only about 20 per cent of their available trade partners in both
imports and exports. The Gini coefficients are also high, averaging at 0.8.

The finding of concentration in agri-food sectors is further illustrated at the
more disaggregated country—commodity (HS6) level depicted in Fig. 2 rather
than at the aggregate agri-food sector level. Each observation represents one
country’s export or import pattern in a specific HS6 product category. This
finer level of analysis reveals that most individual products are traded, for the
largest part with only one, two or three countries. The ridgeline distributions
show this multimodality across all indices, suggesting the presence of distinct
regimes corresponding to one, two, three or a handful of dominant trading
partners.

The distribution of diversity metrics show that a small number of countries
dominate food trade across countries and thus suggest significant reliance on
a few exporters. A case in point is cocoa, which is produced in and exported by
about 50 countries. Yet Ghana and Céte d’Ivoire account for over 50 per cent
of global trade, with others holding each less than 7 per cent. Similarly, the
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Fig. 3. Number of supply countries, HHI, normalized Shannon entropy and Gini coefficient for
global agri-food imports and GDP.

The first column shows average trade values, the second the average numbers of import or export
countries, the third the Herfindahl (or Herfindahl-Hirschman) Index, where values over 1,500
indicate market concentration, the fourth the shannon exponential, or effective number of trade
partners, the fifth the normalized number of effective trade partners (0-1), with lower values
indicating skewed distributions, and he sixth the the Gini coefficient, where 1 means 1 per cent
of countries supply 100 per cent of the good, and 0 means equal contribution from all countries,
of agri-food products at the HS-6 level.

international trade of sweet potatoes is concentrated as well, with US exports
making up 37 per cent of global trade, followed by Vietnam with 12 per cent.

Global country-level agri-food trade concentration has decreased until
about 2016 and subsequently increased. Between 2000 and 2016, several di-
versification metrics have increased. Both in Figs 1 and 2, and more explicitly
in Figs 2 and 3 of the Supplementary material, gradually increasing trade part-
nerships from 80 to almost 100 on the export side, and from about 75-95 on
the import side. The HHI values declined, normalized effective numbers rose
and even the Gini coefficients were stagnating during this period, signaling
developments towards more evenness and reduced concentration. However,
post-2016, these trends reversed, where HHI values started increasing again,
normalized effective numbers stagnated or declined and Gini coefficients be-
gan to rise. Moreover, the distributions of the indicators widened. Few very
diversified sectors helped increase the mean pre 2016. In more recent years,
these countries continued the trajectory of diversification while the bulk of
agri-food sectors exhibit strong reductions in trade diversification. Both the
changes in measures as well as their distribution point to a deterioration of
resilience in global food systems.

Food trade of lower-income countries is more concentrated than that of
higher-income countries. Figure 3 shows the diversity measures in relation
to GDP. Lower-income countries face significantly more concentrated trade
integration compared to their higher-income counterparts. This is evident
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Fig. 4. Number of supply countries, HHI, normalized Shannon entropy and Gini coefficient for
global agri-food imports by food groups.

The first column shows average trade values, the second the average numbers of import or export
countries, the third the Herfindahl (or Herfindahl-Hirschman) Index, where values over 1,500
indicate market concentration, the fourth the shannon exponential, or effective number of trade
partners, the fifth the normalized number of effective trade partners (0-1), with lower values
indicating skewed distributions, and he sixth the the Gini coefficient, where 1 means 1 per cent
of countries supply 100 per cent of the good, and 0 means equal contribution from all countries,
of agri-food products at the HS-6 level.

from substantially lower numbers of trade partners, higher HHI values and
lower normalized effective numbers. Lower-income countries exhibit a nar-
row range of trading partners and commodities and are more often heavily
reliant on a small number of export destinations or products. This lack of di-
versification could make these countries more susceptible to shocks in global
markets. In contrast, higher-income countries could be more resilient through
more evenly distributed trade flows and a broader network of trading partners,
as indicated by their lower concentration metrics and greater normalized ef-
fective numbers.

Grains and oilseed trade is the most concentrated and uneven, while pro-
cessed food trade is the least concentrated and most even. Figure 4 exhibits
the diversification indicators by several food commodity groups. Grains and
oilseeds consistently show the highest HHI values and the lowest normal-
ized effective numbers among all food groups, reflecting highest concentra-
tion and unevenness in trade flows. These categories are heavily reliant on
a few key exporters. For instance, the USA and Brazil dominate exports of
corn and soybeans and India exports of rice. The Gini coefficients for these
categories are also among the highest, further underscoring the inequality in
trade distribution. Conversely, processed foods exhibit the lowest concentra-
tion and the most even trade flows, as evidenced by their lower HHI values
and higher normalized effective numbers. This suggests that processed foods
benefit from a broader base of producers and a more equitable distribution of
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trade shares. This finding aligns with Reardon et al. (2009, 2003), who high-
light the spread of downstream processing and retailing capacity across de-
veloping and emerging economies through FDI and supermarket-led value
chains. One reason may be that food processing faces fewer geographical re-
strictions compared with crop cultivation, or perhaps less home bias of con-
sumers for processed foods (Luckstead, 2024). The contrast between staple
commodities and processed foods suggests that food value chains are most
vulnerable at the processing stage.

3. Empirical model

One measure that is related to the resilience of food systems is food
price volatility. As prices reflect the relationship between supply and de-
mand, frequently changing prices—upwards and downwards—reflect fre-
quent changes in supply relative to demand. For consumers, high price volatil-
ity implies less certainty about food access, while for producers high food price
volatility may imply less certainty about access to key inputs and less certainty
about output sales (e.g. Bellemare et al., 2013).

Both sharp food price hikes and drops can pose challenges to food security,
their impact depending on whether a population is a net food buyer or seller
(Swinnen and Squicciarini, 2012). However, regardless of direction, high price
volatility undermines economic stability, discourages investment in agricul-
ture and increases uncertainty in food markets (Gilbert and Morgan, 2010).
Persistent fluctuations—whether upward or downward—can signal increas-
ing vulnerability, as volatility erodes predictability for both producers and con-
sumers. Figuratively, it is also similar to both ecological and financial systems,
where volatility can be a strong indicator of weakening stability often observed
before collapse (Dai et al., 2015).

I estimate the relationship between trade concentration and food price
volatility at the country level. To account for serial correlation in prices and to
control for time-invariant country fixed effects, I transform all variables into
first differences (Millimet and Bellemare, 2023; Christian and Barrett, 2024).
The baseline model regresses the coefficient of within-year food price vari-
ation (ACV/P) on the diversification of import and export diversification of
agri-food sectors, i.e.

ACVf =h AH(Sfj[M) + Y AXie + 0 + eir. (6)
I use import (M) and export (X) shares (s) of trade partner countries (j) to
measure exposure to foreign supply shocks and foreign demand shocks, re-
spectively, and apply several functions H that yield different diversification
measures. I also account for control variables (Xj;) and time fixed effects.

3.1 Prices

There are a multitude of price volatility measures available (e.g. Prakash,
2011; Briimmer et al., 2016). Ott (2014) differentiates between within-year and
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interyear measures of volatility. While the latter is often measured through
parametric, high-frequency time series models, the former is commonly used
to measure the contributions of specific items to overall inflation.> While the
standard deviation can be measured over any window or rolling windows, the
12-month, within-year version is particularly useful when linking volatility
to trade data at the annual level. Moreover, the primary objective is to cap-
ture short-term food-price stress, or episodes which erode purchasing power,
which, in practice, includes both month-to-month noise and within-year
food-specific inflation, as opposed to longer-term trends.

Food price data are sourced from the FAOSTAT monthly food consumer
price index (FCPI) database. This data set tracks the overall changes in food
costs over time, reflecting year-over-year inflation relative to the same month
in the prior year. I calculate the mean-standardized CV i.e.,

cvp =22, @)
Hpt

of the monthly (m) FCPI observations (p) within each calendar year (¢) and
standardized by the mean annual FCPI (1) as the measure of food price
volatility. The within-year CV of FCPI is a standardized measure that captures
within-year price instability while maintaining comparability across countries
and years. While FCPI is nonstationary over long periods, it is a normalized
index with a fixed base year, and variation across twelve monthly observations
is meaningful for short-run volatility. Similar summary measures are widely
used in policy diagnostics and price stability assessments, particularly when
absolute price data are unavailable (Gilbert and Morgan, 2010; Bellemare,
2015). I avoid deflating the FCPI by the headline CPI. Food prices constitute
20-60 per cent of headline CPI in many sample countries, making CPI a post-
treatment variable as deflating FCPI by CPI mechanically removes food price
variation attributable to the trade diversification channel (Cinelli et al., 2024).

3.2 Diversification measures

I use three indices to measure diversification. (i) The number of trade part-
ners (Dy), (ii) the Shannon entropy (D), i.e. the effective number of trade
partners, which equally weighs the number of trade partners and their im-
portance to total trade and (iii) the HHI index (D,), which gives more weight
to large contributors to total trade than to the number of trade partners. In
expectation, Dy and D, should have a negative effect on food price volatility.
The simple count of trade partners (Dy) captures the extensive-margin trade
but ignores intensity and should have a smaller effect on volatility than D,
or D,. The effective number (D, ) relates perhaps most directly to risk hedging
because it captures both intensive and extensive margins equally. The HHI

3 For instance, the European Central Bank (ECB) uses the standard deviation of within-year price
indices of CPI items to measure volatility inflation (e.g. Nickel et al., 2025).
4 Data available at https://www.fao.org/faostat/en/#data/CP.
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(D,) should show positive effects on food price volatility as higher values in-
dicate more concentration, with 1 indicating perfect concentration. However,
it is especially sensitive to dominance (tail risk), so large shares held by a few
suppliers would predict stronger shock amplification. The Gini coefficient is
presented in the descriptive analysis for completeness but is not used in the
econometric analysis, as its linearization is not consistent with the shift-share
IV approach.

3.3 Identification

When estimating the effect of trade on food prices, several potential sources
of endogeneity arise. One concern is reverse causality. Changes in food prices
may influence trade flows rather than being purely a result of them. For ex-
ample, higher food prices in one country could incentivize increased imports
to stabilize domestic supply, leading to a two-way relationship between trade
and prices. Failing to account for this bidirectional influence can lead to bi-
ased estimations of the effect of trade on food prices.

Another source of endogeneity is omitted variable bias. Factors such as
weather shocks, geopolitical tensions or macroeconomic conditions can si-
multaneously affect trade flows and food prices. For instance, a drought in
a major exporting country may reduce trade volumes while simultaneously
driving up global food prices. If these factors are not properly controlled for
in the econometric model, the estimated effect of trade on prices may inadver-
tently capture the impact of these unobserved variables, leading to spurious
correlations.

Measurement error also poses a challenge. Trade data and price indices
often suffer from inaccuracies due to inconsistent reporting practices, aggre-
gation biases or limited coverage of informal trade. These errors can intro-
duce noise into the analysis, potentially biasing coefficient estimates. More-
over, structural features of food markets, such as imperfect competition, price
rigidities and strategic behaviors of large exporters or importers, can further
confound the relationship.

To address the endogeneity problems in Equation (6), I construct a shift-
share variable®, where the identifying assumption is that global foreign
country-sector level shocks are independent from country-level food price
volatility and bilateral trade flows. The idea is to introduce exogenous vari-
ation in trade exposure through lagged trade shares and sectoral trade shocks
in other countries (Borusyak et al., 2025). More precisely, the global shocks,
measured as the sum of foreign country-sector level shocks outside country i,
are assumed to be unrelated to i’s own contemporaneous shocks to food-price
volatility, affecting it only by first changing i’s trade composition. Let s;; ; be
the bilateral import share from partner j and wyji , the share of sector k within

5 Section 4 of the Supplementary material provides an illustrative example of the SSIV how it cap-
tures exogenous variation in trade diversification.
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the i— j bilateral bundle. Exporter-sector shocks are defined as
gkt = AlogXj; — AlogXp,. ®)

i.e., exporter j’s sector-k growth relative to the global sector-k growth. The
generic shift-share instrument is

Zi = > (Sijuc1 Wijku1) Gk - ©)
j X — ) ——
exposure shift

Intuitively, Z; aggregates foreign shocks g ; using country-specific lagged ex-
posure weights. In other words, the predicted change of imports (exports) is
equal to the sum of all foreign export (import) shifts weighted by the bilateral
sector import (export) share. Following Borusyak et al. (2025) the identify-
ing assumption is the shocks gji ;, which are numerous given 634 commodi-
ties, 188 countries and 23 years, are orthogonal to country-specific shocks and
price volatility. Standard errors are from Adao et al. (2019). Section 2 of the
Supplementary material details how Z; are mapped into an instrument for
the relevant change in each diversification measure.

In high-inflation economies, food price volatility may partly reflect mon-
etary dynamics rather than trade-driven relative price movements. However,
foreign exporter-sector supply shocks are orthogonal to domestic monetary
conditions by construction. E.g. a drought reducing Brazilian soybean ex-
ports relative to global trends is uncorrelated with exchange rate policy in
Venezuela. Moreover, deflating the FCPI by the headline CPI is not an ap-
propriate remedy, as food prices constitute 20-60 per cent of headline CPI
in many sample countries, making CPI a post-treatment variable whose in-
clusion blocks part of the causal pathway of interest (Angrist and Pischke,
2009; Wooldridge, 2010; Cinelli et al., 2024), while core CPIs are not broadly
available and comparable for all countries in the sample. Results (available on
request) are robust to excluding countries with average annual inflation ex-
ceeding 100 per cent, confirming the main finding is not driven by monetary-
inflation dynamics.

3.4 Controls

While the identification strategy addresses most confounders by construction,
I include controls for variables that could affect both trade composition and
food prices simultaneously, potentially violating the exclusion restriction.®
One particular confounder could be trade policy interventions, such as tariffs,
embargoes and subsidies, if they systematically respond to changes in food
price volatility. For example, if a country imposes import tariffs in response to
food price volatility, these policies could affect both trade shares (which en-
ter the instrument) and food prices, violating the exclusion restriction. Simi-
larly, retaliatory measures in a trade war could introduce correlations between

6 A detailed list of all the variables used in the analysis and their sources is provided in Table 1 and
the summary statistics in Table 2 of the Supplementary material.
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global trade shocks and food price volatility that are not exogenous. To ensure
that shifts in trade policy do not confound my results, I introduce two control
variables. First, I include the number of tariff changes and nontariff barri-
ers on agri-food products implemented from the Global Trade Alert database.
Second, I include the number of regional trade agreements as another control
variable capturing changes in the policy landscape.

To control for confounders on the demand side, I include measures of pop-
ulation size and composition, i.e., population under the age of 15, between the
ages of 15 and 64, and older than 65, as well as female population and pop-
ulation density, which could potentially drive either or both trade structures
and food prices through demand dynamics. Other time-varying variables are
likely to be colliders or mediators of the relationship between trade diversi-
fication and food price volatility and their inclusion in the model might bias
the estimate.

4. Results

Table 1 presents the results of the relationship between import concentra-
tion and food price stability, measured as the change in the within-year CV of
monthly food prices. The F-tests for the first-stage regressions indicate that the
instrument is relevant in all SSIV models, confirming the validity of the shift-
share instrument. The dependent variable is the first difference of food price
volatility. I evaluate the coefficients of the number and the effective number
of source countries (Dy, D;) and the HHI (D,).

The number of source countries is negatively associated with food price
volatility. The results suggest that adding one more import source country re-
duces food price volatility by approximately 0.04 percentage points.

The effective number of source countries (AD;) (column 4) shows a much
stronger negative association with food price volatility. Greater diversification,
accounting for both the number and balance of import sources equally, re-
duces volatility. Adding one more effective source country, i.e. one that sup-
plies inputs as evenly as others, reduces monthly food price variation by about
8.2 percentage points. The HHI (AD,) coefficient in column (6) is negative,
but it is imprecisely estimated and reverses sign relative to the OLS estimate.

Overall, the results emphasize the importance of import diversification in
terms of evenness (intensive margin) more than in terms of richness (exten-
sive margin), in reducing food price volatility, and the risks associated with
concentration. In particular, the effective number of sources (D) is particu-
larly effective in highlighting the benefits of balanced and diversified import
portfolios.

Table 2 presents the results of the relationship between export concen-
tration and food price stability, measured as the change in the CV of food
prices. The F-tests for the first-stage regressions indicate that the shift-share
instrument is less relevant than in the import-side SSIV specifications. Again,
the dependent variable is the first difference of food price volatility, but the
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coefficients in this table represent the effects on the export side, i.e. of the
number of destination countries,the effective number of destination countries
and the HHI index of destination countries.

The number of destination countries (ADy) is negatively associated with
food price volatility, although the estimate lacks precision. This suggests that
having more trade partners for exports is probably not a strong driver of do-
mestic food price volatility. The effective number of export destinations (AD;)
shows an inconclusive relationship with food price volatility as the OLS coef-
ficient is negative while the SSIV estimate reverses sign and is larger in abso-
lute magnitude, though imprecisely estimated. This indicates that evenness
and richness in export destinations together might also not play a dominant
role in stabilizing food prices. For the HHI (AD,), the OLS coefficient is pos-
itive and marginally significant, while the SSIV estimate reverses sign and is
imprecisely estimated, again pointing to an inconclusive relationship on the
export side. Thus, the implications for less concentration in agri-food exports
are inconclusive, and the magnitude and precision of the estimates vary con-
siderably between import and export sides.

Section 5.1 of the Supplementary material provides a test of whether the ef-
fects differ for countries of different income groups. The largest reductions in
volatility are observed for lower- and upper-middle-income countries. High-
income countries show a smaller, insignificant effect, and low-income coun-
tries a weak first stage. Sectoral results in Section 5.2 of the Supplementary
material indicate that processed foods exhibit the weakest relationship with
volatility, likely due to flexible supply chains, while animal products, partic-
ularly in exports, show stronger associations, suggesting that regulatory and
logistical constraints heighten vulnerability to concentration risks.

The robustness of these results hinges on the validity of the SSIV approach.
In Section 3 of the Supplementary material, I conduct several tests addressing
key identification concerns. First, I investigate instrument relevance by exam-
ining the first stage and reduced form of the SSIV against trade concentration
measures and food price volatility. The results confirm a strong first-stage re-
lationship and correlation between the instrument and the outcome. Second,
following Adao et al. (2019), I implement a placebo outcome test using fu-
ture food price volatility, finding no significant predictive power of the instru-
ment beyond its contemporaneous effects, supporting its exogeneity. Third, I
conduct a balance test for pre-trends to rule out that the instrument is corre-
lated with past food price volatility changes (e.g. Autor et al., 2013; Goldsmith-
Pinkham et al., 2020), again confirming no systematic relationship.

5. Policy implications

My findings suggest that international agri-food trade is concentrated, which
translates into domestic price volatility and thus may compromise the re-
silience of food systems. In particular, diversification of import origins, in
terms of both richness and evenness, is associated with improved food price
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stability, but the evidence on export destinations is less robust compared with
the import side.

The concentration of imports is in line with trade theory. Countries special-
ize in exporting goods in which they have a comparative advantage, thereby
maximizing efficiency gains. In absence of product differentiation effects as
it is the case for processed foods, bulk commodities, which often also serve as
inputs for processed food products, specialization may create dependencies
on a limited set of source countries, amplifying the risks of supply-side and
policy shocks and their propagation. The descriptive results suggest that this
is in particular true for grains and oil seeds, which serve as staple foods or key
inputs for downstream food products. While specialization increases global
welfare in absence of uncertainty, it may come at the cost of higher volatility
in the presence of random shocks.

While trade relationships often rewire in response to shocks (Haqiqi and
Hertel, 2026), it takes time to find alternative suppliers and shipping, switch-
ing costs are non-zero, and often times many buyers are competing for sup-
plies from few places. Thus, even though eventually shifting comparative ad-
vantages will lead to a new equilibrium, these factors put short-term upward
pressure on prices which, while temporary, might be substantial. Moreover,
once other suppliers increase production and exports, the supply response
may again lead to strong downward pressure on commodity and domestic food
prices, increasing price volatility.

Policy responses to food market and international supply chain risks usu-
ally focus on self-sufficiency and involve restrictive trade measures, such as
export tariffs, quotas or bans, or subsidizing domestic production in an effort
to onshore production. For example, during the 2008 global food crisis and
the severe 2012 drought in the US Corn Belt, many countries implemented
export restrictions to stabilize domestic markets. India implemented a rice ex-
port ban in 2023 in response to rising domestic food prices. More recently, the
US Inflation Reduction Act allocated $370 billion in subsidies to incentivize
on-shoring of key industries. While these policies may reduce domestic short-
term price volatility, they add at best one more supplier to the portfolio of im-
port countries, and thus only marginally improve longer-term volatility. More-
over, a body of literature has shown that unilateral price insulation policies are
likely to exacerbate global market instability even further (e.g. Anderson and
Nelgen, 2012; Martin and Anderson, 2012; Pieters and Swinnen, 2016; Berger
et al., 2021; Alfaro and Chor, 2023).

Food self-sufficiency policy creates another layer of uncertainty and is it-
self costly in terms of higher domestic prices, infrastructure and welfare in
general. Clapp (2017) emphasizes that food self-sufficiency may be warranted
in cases of high import dependency, it is not a panacea, and might even harm
food security in low-income countries due to lower efficiency in production.
Moreover, the potential of food self-sufficiency is naturally limited by natural
endowments, as not every country hosts suitable areas for all food products
(Pietrzak et al., 2019; Dalheimer et al., 2026a).
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The empirical evidence supports the predictions of Elliott et al. (2022) and
the empirical results of Hadachek and Ma (2024) for the agri-food sector, who
argue that the trade-off between efficiency and resilience highlights an exter-
nality in the formation of trade networks. Decentralized decision-making in
supply network formation often results in outcomes that are efficient for indi-
viduals but suboptimal for the collective system. For example, agribusinesses
might maximize profits in the short term by concentrating input supplies in
firms and countries that offer the lowest costs, and less so by diversifying their
import portfolio to protect against unforeseen shocks, while consumers, in-
dustries and governments benefit from the stability of domestic production
and consumption. Indeed, on the export side Fiankor (2023) and Arkolakis
and Muendler (2013) have shown that firms maximize profits when trading
with relatively few partners. As risk preferences of individual agribusinesses
and consumers differ, so do their marginal benefits. Thus, concentrated trade
relationships which increase price volatility by amplifying the propagation of
shocks may create negative externalities that are not internalized by individ-
ual actors.

In designing policy intervention to increase resilience of food systems, it
is critical to account for the incentive structure faced by agribusinesses in
foreign sourcing. Policies should prioritize coordinated international efforts
rather than unilateral measures that may further destabilize global trade net-
works. Diversification policies that balance the trade-offs between efficiency
and resilience offer a more sustainable approach to mitigating the risks in-
herent in concentrated food supply chains. For instance, Pigouvian taxes or
subsidies, such as those proposed in Grossman et al. (2023), are one option to
internalize the external costs of volatility from concentrated trade and allow
to harness both the benefits of diversity as well as the gains in efficiency gener-
ated through international trade and specialization. Such measures keep mul-
tiple soft and hard infrastructure available and simultaneously lead to com-
petitiveness of more suppliers. Both reduce switching and time cost in case of
unexpected shocks.

6. Conclusion

Recent disruptions to agri-food input and output markets such as volatile
food retail and commodity prices, soaring fertilizer prices and shortages of
labor highlight yet again how international trade is interlinked with food sys-
tems resilience and price volatility. On the one hand, international trade al-
lows sourcing and marketing food inputs and outputs from and to a larger
pool of suppliers and consumers and offers increased efficiency in produc-
tion through the gains-from-trade, potentially buffering food systems against
large shocks. On the other hand, international specialization may lead input
and output markets to be more concentrated geographically and thus expos-
ing food systems to risks. While domestic firm-level evidence has shown that
concentration in few firms has been shown to increase food price volatility and
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reduce resilience, the effect of import and export concentration is unclear. To
address this gap, first, I compile several country-level indicators of import and
export concentration and describe international import and export structures.
Second, I evaluate descriptive patterns of food trade concentration across time
and countries. Third, I estimate the effect of the diversification indicators on
country level food price volatility.

This paper offers four key findings. First, international food trade is not di-
versified. Although most countries could in principle source from or sell to a
large number of partners, actual trade volumes are concentrated among only
a handful of them. Second, this is not because countries lack potential trading
connections, but because trade volumes are unevenly distributed among the
partners they do have. Third, this concentration is heterogeneous across coun-
tries, commodities and time. It is more pronounced for lower-income coun-
tries than for higher-income countries, and for primary commodities such
as grains and oilseeds than for processed foods, and it has been rising again
since 2016 after a long period of increasing diversification. These patterns sug-
gest that the countries and commodities least equipped to absorb shocks, i.e.
poorer economies and staple crops, are also the most exposed to concentrated
trade structures.

Fourth, using a SSIV approach, I find that food price volatility is strongly
associated with trade concentration. This association is stronger for the even-
ness of trade shares than for the sheer number of trading partners, confirm-
ing that the balance of a country’s sourcing matters more for stability than
the breadth of its supplier network. The effect is also asymmetric between
the import and export side: diversifying import sources has a large and sta-
tistically robust stabilizing effect on food prices, with one additional effective
import source associated with a reduction in food price volatility of roughly
8.2 percentage points, while diversifying export destinations shows a com-
paratively weak and inconclusive relationship with volatility. This asymmetry
suggests that domestic food price stability depends primarily on how evenly
a country sources its imports, rather than on how widely it distributes its
exports.

These results emphasize the importance of trade diversification in reduc-
ing food price volatility and thereby enhancing a key component of food sys-
tem resilience. Similar to portfolio diversification, increasing the number of
trading partners and balancing trade shares can mitigate exposure to idiosyn-
cratic shocks. Rather than focusing on self-sufficiency, which adds at best
one more supplier, policy should prioritize adding multiple sources and des-
tinations to trade networks. However, such diversification involves trade-offs,
as concentration arises naturally from specialization and the associated ef-
ficiency gains. Thus, policies should aim to maximize both the gains from
international specialization and the diversity of international markets. One
specific option could be Pigou-type subsidies or taxes to internalize trade
risks through international diversification rather than nationalization of food
production.
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