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Abstract
Food supply shock is defined as a drastic shortage in food supply, which would likely threaten the
achievement of Sustainable Development Goals 2: zero hunger. Traditionally, highly-connected
global food supply system was deemed to help overcome shortages easily in response to food
supply shock. However, recent studies suggested that overconnected trade networks potentially
increase exposure to external shocks and amplify shocks. Here, we develop an empirical–statistical
method to quantitatively and meticulously measure the diversity of international food supply
chain. Our results show that boosting a country’s food supply chain diversity will increase the
resistance of the country to food shocks. The global diversity of food supply chain increased
gradually during 1986–2021; correspondingly, the intensity of food shocks decreased, the recovery
speed after a shock increased. The food supply chain diversity in high-income countries is
significantly higher than that in other countries, although it has improved greatly in the least
developed regions, like Africa and Middle East. International emergencies and geopolitical events
like the Russia–Ukraine conflict could potentially threaten global food security and impact
low-income countries the most. Our study provides a reference for measuring resilience of national
food system, thus helping managers or policymakers mitigate the risk of food supply shocks.

1. Introduction

In November 2022, setting against a difficult geopol-
itical backdrop, the United Nations Climate Change
Conference COP27 delivered decisions for moving
forward on the Global goal on adaptation and sus-
tainability (COP27 2022), because, gradually, serious
loss and damage to food productionmay be caused by
climate change, extreme weather events and geopol-
itical conflict (Diffenbaugh et al 2015, Naumann et al
2018, Jia et al 2023). For example, more than 820mil-
lion people had insufficient food supply, and many
more consumed low-quality diets (Willett et al 2019).
In 2021, 29% of the global population suffered from
moderate-to-severe food insecurity, especially in the
Global South (FAO, IFAD, UNICEF, WFP & WHO
2021). Even when food supply shortages are tem-
porary, periods where essential nutrients are lacking

can adversely impact the health of vulnerable pop-
ulations (Gephart et al 2017), such as low-income
populations, pregnant women, children, and the ills
(Block et al 2004). Against this background, global
food supply security is essential to achieve Sustainable
Development Goals (SDG) 2: zero hunger (CBDCore
Team 2022) and deserves more attentions (Gomez
et al 2021).

Food supply shock (known as food shock) is a
key threat to food security and is defined as a drastic
shortage in food supply, which increases the prob-
ability of simultaneous global food security failure
(Gaupp et al 2020). Extreme events that may be
exacerbated by climate change (Lesk et al 2016), geo-
political crises or policy changes (Cottrell et al 2019)
are the main causes of food shocks in global food sys-
tems (Gomez et al 2021). Traditionally, the interna-
tional food trade has been reported to be an effective
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way to tackle food shocks by filling shortages (Grêt-
Regamey et al 2019).However, recent studies reported
that excessive food suppliers may have a dual effect on
a country’s food security (Suweis et al 2015). A coun-
try with a highly-connected global food supply sys-
tem could obtain food inflows more easily through
international trade during food shock periods, thus
enhancing food system resilience (Grêt-Regamey et al
2019). However, overconnected food supply systems
would likely increase exposure to global food shocks
(Tu et al 2019) and may amplify shocks compared
with local self-sufficiency patterns (Nyström et al
2019). Therefore, it is essential to meticulously and
quantitatively monitor the reliability and stability
of the national food supply system and thus guid-
ing national food policy for suitable connectivity to
maintain the stability of food supply chains (Kummu
et al 2020).

To measure food system reliability and stabil-
ity, food system resilience is an essential concept
with multiple debatable meanings; this can have con-
sequences for evaluating, understanding, and man-
aging systems, depending on which definition is used
(Nyström et al 2019). Generally, there are ‘three R’s’
of food system resilience: robustness, recovery and
reorientation (Zurek et al 2022). Although, there are
some debates regarding the definition and explana-
tion of resilience (Helfgott 2018, Zurek et al 2018,
Allen et al 2019, Parker et al 2019, Puma 2019, Savary
et al 2020, Jia and Cui 2022), the diversity of the food
supply chain (DFSC) still is a core of resilience the-
ory (Wood et al 2023). According to resilience theory,
diversity is closely related to robustness and recov-
ery (Gao et al 2016, Lucini et al 2020, Zurek et al
2022). In addition, empirically, a higher DFSC usu-
ally indicates a weaker impact of food shock (Gomez
et al 2021). Therefore, the DFSC is a potential way
to reflect national food system resilience, thus further
measuring the stability of the national food supply
system to help manage connectivity.

In another hand, integrated management, poli-
cymaking and scientific research are the ‘keystone
actors’ for steering the global food supply sys-
tem toward a sustainable trajectory (Nyström et al
2019). Especially, considering that the fast-changing
world with international emergencies and geopolit-
ical events like the Russia–Ukraine conflict will be ser-
ious challenges to food security and achievement of
SDGs (Diffenbaugh et al 2015, Naumann et al 2018).
Therefore, an empirical–statistical method that can
meticulously quantify the stability of global and
national food supply systems is necessary for food sys-
temmanagement, policymaking, further research and
multinational cooperation, thus promoting sustain-
able development and achieving the SDGs (Gomez
et al 2021, Mirón et al 2023). Therefore, in this
study, we had the following aims: (a) to develop an
integrated approach for measuring the global food

supply system through DFSC; (b) to analyze global
and national food supply system conditions on this
basis; and (c) to address the impact on the world or
nations when unexpected emergence occurs using the
Russia–Ukraine conflict as a case study.

The remainder of the paper is organized as fol-
lows. Section 2 introduces the data and method.
Then, section 3 will first present the results of the
DFSC calculation of global food supply system, and
then present the potential impacts led by Russia–
Ukraine conflict. Finally, brief discussions and con-
clusions will be provided in section 4.

2. Data andmethods

2.1. Dataset of food flow networks
Annual food flow networks for approximately 173
countries were obtained from the FAOSTAT data-
base (FAOSTAT 2023), which includes 11 food groups
(cereals, fruits and vegetables, roots, sugar, oil, oil-
seeds, meat, milk, eggs, beverages, other; including 83
food items with details listed in supplementary table
1). Food quantity units (tons) were converted into
calories (kcal) for consistency (FAO 2001, Marchand
et al 2016).

2.2. DFSC index
Referring to the calculation methods provided by
previous study (Gomez et al 2021), DFSC index
was established to measure the annual supply chain
diversity. In this section, we made a brief description,
please see Gomez et al (2021) for more details. The
functional distance d between country i and any of its
trading partners j was calculated by combining five
different indicators (r). These five indicators repres-
ented five different characteristics of a country and
were further described in 2.3 of the Methods. The
functional distance drij for an indicator r between any
pair of connected nodes (i, j) was calculated as:

drij = N−1
∣∣ri − rj

∣∣
where the normalization constant N is determined as
the maximum value of |ri − rj| between any node i in
the network and j. In this equation, drij = 0 for func-
tionally similar nodes and drij = 1 for dissimilar nodes.

To combine five distance indicators into a single
measure, the average functional distance indicator
⟨drij⟩ was calculated as the arithmetic mean of the
five functional distance indicators for any connected
nodes (i, j). Then, by utilizing the Shannon entropy
(Shannon 1948) and the discrete probability distribu-
tion of national food inflows binned by ⟨drij⟩ categor-
ies, the supply chain diversity Dt

i,c of node i and food
item c was obtained for the given year t as:

Dt
i,c =

−
∑K

k=1Y
t
i,c (k) lnY

t
i,c (k)

logK

2
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where Yti,c (k) is the proportion of food inflows to
node i within bin k in year t for food item c. The k bin
is calculated by binning all the ⟨drij⟩ values for node i
into a total number of K bins.

2.3. Functional distance indicators
To evaluate the difference between a country and its
trading partners, thus making trading partner classi-
fication bins. Five functional distance indicators were
calculated as:

(1) Physical distance indicator (PDI). The PDI was
used to measure the physical distance between
two countries. The distances were calculated, fol-
lowing the method provided by Centre détudes
Prospectives et d’Informations Internationals
(CEPII; Mayer and Zignago 2011), by comput-
ing the Euclidean distance of the centroid of the
geographic distribution of the populationwithin
two countries.

(2) Climate correlation indicator (CCI). This indic-
ator was used to measure the differences on cli-
mate types in different countries. The average
correlation of national monthly mean temper-
ature and precipitation was calculated to rep-
resent the CCI between a country and trading
partners. Data was obtained from The World
Bank, climate change knowledge portal for
development practitioners and policy-makers
(https://climateknowledgeportal.worldbank.
org/download-data).

(3) Economic indicator (EI). The EI represented the
differences in economic development between
a country and trading partners. The difference
in gross domestic product adjusted by purchas-
ing power was calculated to indicate the EI. Data
was provided byWorld BankOpenData (https://
data.worldbank.org/).

(4) Network modularity indicator (NMI). NMI was
used to identify the countries that belonged
to the same trade community. The communit-
ies were identified by maximizing the modular-
ity measure of Newman (Girvan and Newman
2002, Newman 2006) using the greedy optimiz-
ation algorithm (Blondel et al 2008, Garcia and
Mejia 2019) with aggregating the flows from the
11 food groups (cereals, fruits and vegetables,
roots, sugar, oil, oilseeds,meat,milk, eggs, bever-
ages, other) into a single-layer network. Please
see Gomez et al (2021) for more details about
establishment of this indicator.

(5) Production ability indicator (PAI). The PAI rep-
resented differences in food production capacity
between countries. The PAI was calculated by
the average of difference of per-capita produc-
tion of each food item between two countries.
Per-capita production data was obtained from
FAOSTAT (2023).

2.4. Probabilities of food shock
Referring to Gomez et al (2021) and Renard and
Tilman (2019), we quantified the probability of food
shock. This probability was calculated by categorizing
all nodes into 17 classification bins (please see supple-
mentary figure 1 for details) that were arranged from
least to most functional diversityD. For each country
i and food item c, we calculated the food shock Sti,c as:

Sti,c =

(
1−

I ti,c
⟨I ti,c⟩

)
× 100%

where I ti,c is the total food inflows to node i for food
item c in year t, and ⟨I ti ⟩ is the average of food inflows
to node i for item c during year t− 1, t− 2 and t− 3
(please see supplementary figure 4 for details).

For each diversity bin b, the number of obser-
vations nb (of Nb, the total number of observa-
tions in bin b) that meet the criteria Sti,c > s for
s ∈ {5,10,15, . . . ,70} is calculated, with s being a
threshold of intensity of food shock. The probability
of a food shock S being greater than s in bin b is cal-
culated as:

Pb (S> s) =
nb
Nb

.

2.5. Recovery speed
We calculated the ratio of the total food inflows
change in the year after food shock to the food shock
Sti,c. For each country i and food item c, the recovery
speed was determined as:

RSti,c =
I ti,c − It−1

i,c

⟨It−1
i,c ⟩− It−1

i,c

where I ti,c is the total food inflows to node i for item
c in year t (the year when the country begins to
recover), and It−1

i,c is total food inflows to node i for
item c in year t− 1 (the year when the food shock
occurred). ⟨It−1

i,c ⟩ has the same definition as that in
Probabilities of food shock. The recovery speed could
be a negative value meaning that total food inflows
of a country continue to decrease after a food shock
happened.

2.6. Intensity of global food shock
To measure the food shock intensity at the global
scale, we used the sum of the global food shock S,
adjusted by population weight. We calculated the
intensity of global food shock intensity t as:

intensityt =
∑
i

POPti × Sti

where POPti is the proportion of the population of
country i in the world population in year t. Sti is the
food shock in country i in year t. It was calculated
in terms of energy (kcal). The energy was calculated
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by summing each food item converting food quantity
into calories. A larger value means a more unstable
food supply system.

2.7. Diversity of the global food supply chain
Tomeasure the diversity of the world food supply sys-
tem, we calculated the diversity of global supply chain
Dt as:

Dt =
∑
i

POPti ×Dt
i

where POPti is the proportion of the population of
country i in the world population in year t. Dt

i is the
DFSC in country i in year t calculated in terms of
calories.

2.8. Global mean recovery speed
To measure the food shock intensity at the global
scale, we calculated the global mean recovery speed
intensityt as:

GMRSt =
1

I

∑
i

RSti

where I is the total number of countries that recover
in year t. RSti is the recovery speed in country i in year
t calculated in terms of calories.

2.9. Calculation of DFSC changes from the
Russia–Ukraine conflict
The average change of DFSC during the period from
2017 to 2021 is calculated to reflect the potential
negative impact of the Russia–Ukraine conflict on
each country. The trading volumes between Ukraine
and trading partners is cut to zero and the trad-
ing volumes between Russia and countries in the
Unfriendly Countries List is reduced to zero. Besides,
to evaluate the worst possible effects of the Russian–
Ukrainian conflict on the food supply chain, it is
assumed that trading partners do not compensate
this reduced inflow from Russia or Ukraine using
other trading partners. The Unfriendly Countries
List is as follows: Australia, Albania, Andorra, United
Kingdom (including Jersey, Anguilla, British Virgin
Islands, Gibraltar), Member States of the European
Union, Iceland, Canada, Liechtenstein, Federated
States of Micronesia, Monaco, New Zealand, Norway,
Republic of Korea, San Marino, North Macedonia,
Singapore, United States of America, Taiwan (Region
of China), Ukraine, Montenegro, Switzerland, Japan.

3. Results

3.1. Overconnected food supply systems do have
duality
Functional distance classification (Walker et al 1999,
Gomez et al 2021) was used to measure supply chain
diversity and compared with supplier numbers in the

absence of functional distance classification (figure 1,
supplementary figures 6 and 7). Our results showed
that global food supply connectivity did have dual-
ity when only considering the number of food sup-
pliers because there was a U-shaped relation between
supplier number and the probability of food shocks
(figure 1(a)). This means that when the number of
food suppliers surpassed a threshold (for instance,
the possibility of the occurrence of a 70% level shock
increased when the number of suppliers was over
31), an overconnected food supply chain amplified
the possibility that a country will be impacted by a
food shock. The intensity of food shocks declined
monotonically in response to increasing supply chain
diversity (figure 1(b)). This indicates that countries
with higher values of DFSC were more likely to
avoid or resist food shocks. For example, at the 5%
shock intensity level, the occurrence of food shocks
in countries with diversity values less than 0.1 was
nearly three times greater than that in countries with
diversity values higher than 0.8. Although there was
a downtrend in the possibility that a higher intens-
ity level shock occurs in countries with the same
DFSC value, increasing supply chain diversity could
significantly avoid the occurrence of the same intens-
ity level shock. Therefore, this DFSC index model
may provide a reference to manage the connectivity
of a country in the international food trade system,
which is an essential issue for policymaking (Kummu
et al 2020).

3.2. Global food supply system becomingmore
stable during 1986–2021
The diversity of the global food supply chain, intens-
ity of global food shocks and global mean recov-
ery speed were calculated to measure changes in the
global food system from 1986 to 2021 (see Methods).
The correlations between the diversity of the global
food supply chain, the intensity of global food shocks
and the global mean recovery speed were all sig-
nificant (at the 0.01 level, supplementary table 2).
Generally, the diversity of the global food supply
chain increased from 0.43 to 0.58 from 1986 to 2021
(figure 2(a)). The developing global transportation
system and international specialization could con-
tribute to this increasingDFSC (supplementary figure
5, supplementary table 4). Based on ecological and
resilience theory, an increasing DFSC usually corres-
ponded to decreasing intensity of food shock and
increasing recovery speed (Zurek et al 2022; figure 1
and supplementary figure 2). According to our res-
ults, the intensity of global food shock decreased from
approximately 0.25–0.03 (figure 2(b)). This means
that the influence of food shocks on the global pop-
ulation weakened from 1986 to 2021, which may
indicate that the global food supply system was
becoming more stable and reasonable during this
period. Regarding recovery, the global mean recovery

4
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Figure 1. Empirical relationship between the probability of food shocks and supplier number and supply chain diversity.
(a), supplier number. (b), supply chain diversity. Supplier number (a) was calculated using the equation in 2.2, but only
considering the number of suppliers without classification combining five functional distance indicators. Supply chain diversity
(b) was calculated through the DFSC equation (2.2) with functional distance classification (2.3). The confidence bounds
represent±1 standard deviation of the fitted curves. To comprehensively reflect the relationship between diversity and food
shock, the inflow-outflow quantity of each food sector (tons) was translated to integrated calories (kcal). The shock intensity was
quantified by the country that experiences a food supply loss greater than specified percentage thresholds (5%, 15%, 40% and
70%). The probability of food shocks was defined as the proportion of countries in the world that experience specified shock
intensity (please see probabilities of food shock in Methods for details).

speed increased in the same period, increasing from
approximately 0.3–0.8 (figure 2(c)). All three indic-
ators suggested that the global food supply was mov-
ing toward a better condition with a higher stability
level and faster recovery speed. On the other hand,
the DFSC correlated significantly with the intensity of
food shock and recovery speed. Therefore, the DFSC
could be a useful tool for determining the condition
of food shock intensity and recovery speed.

3.3. Distributions of food supply system indicators
There were step-wise distributions of three food sup-
ply resilience indicators (DFSC, food shock intens-
ity and recovery speed) along the national income
groups (according to World Bank classification in
2022) during the period from1986 to 2021. Generally,
high-income countries have the highest values for
DFSC and recovery speed and the lowest values for
food shock intensity (figure 3; the 95% confidence
interval error bar chart was provided at supplement-
ary figure 3), meaning that high-income countries
have more stable food supply systems than countries
belonging to other income groups. In addition, the
intensity of food shocks in high-income countries
was much weaker than that in low-income countries
(figure 3(b)), and the recovery speed was the fastest
once food shocks occurred (figure 3(c)). Regarding
middle- and low-income countries, although the
overall trends in these three indicators improved,
there were still fluctuations in some countries, such as

Egypt, Kenya, Burkina Faso, and Guinea. (figure 3).
However, the condition of the food supply sys-
tem became worse (decreasing DFSC and increas-
ing intensity of food shock) during the period from
1986 to 2021 in some countries mainly belonging to
the upper-middle-income group (such as Argentina
and Thailand). This may be the reason for the com-
paratively lower mean value of recovery speed in the
upper-middle-income group (figure 3(c)). Overall,
the national food supply system indicators remained
unevenly distributed, whichmay indicate unbalanced
development of the global food supply system.

At the global spatial scale, the overall global DFSC
improved during the period from 1986 to 2021. We
extracted the two timescales, 1986–1990 (figure 3(d))
and 2017–2021 (figure 3(e)), to make comparisons to
see the change in national DFSC during 1986–2021.
Themost obvious improvement was observed in sub-
Saharan Africa and the Middle East where have the
greatest number of the least developed countries. The
regional mean value of the DFSC index rose from
approximately 0.2 to approximately 0.4. The increas-
ing number of trading partners and increasing trad-
ing volume were the reasons for the improvement in
DFSCs in these two regions. It is worth noting that the
value of supply chain diversity was reduced in coun-
tries such as Kazakhstan, Ukraine, Belarus, Lithuania,
Estonia, Serbia, and Croatia. The disintegration of
the former USSR, former Yugoslavia and geopolitical
events could be the reasons for the change.

5



Environ. Res. Lett. 19 (2024) 024049 J Jia et al

Figure 2. Changing on global food supply chain diversity, global food shock intensity and relationship between recovery
and diversity. (a), Diversity of global food supply chain. (b), intensity of global food shock. (c), Global mean recovery speed. The
diversity of the global food supply chain and the intensity of global food shocks were calculated as global annual
population-adjusted values, and the global mean recovery was calculated as the mean value of recovery speed for countries in
recovery (see Methods for calculation details).

3.4. The potential impacts of the Russia–Ukraine
conflict
The global wheat supply was seriously impacted
because of the Russia–Ukraine conflict. In addi-
tion to Russia, the diversity of the wheat supply
chain for many countries in Africa (such as Ethiopia,
Madagascar and Morocco), the Middle East (such as
Iran and Syria), and Southeast Asia (such as Thailand
and Vietnam) would likely decrease significantly
(figure 4(a)). Considering the diversity-recovery

relationship and development level of the region,
more time may be needed for countries in the
region to recover from the food shock than other
regions. Several countries in Europe (such asGerman,
Italy, Sweden, Spain, and Turkey), as well as China,
may be seriously impacted by maize supply shocks
(figure 4(b)). Because Ukraine and Russia are the
main origins of global sunflower oil, the Russia–
Ukraine conflict may influence the sunflower oil
supply. According to our estimation, the shock on

6
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Figure 3. Distributions of food supply chain diversity, food shock intensity and recovery speed. Diversity of food supply chain
(a), intensity of food shock (b) and recovery speed (c) distribution along national income group. The spatial distribution of the
DFSC average during the period from 1986 to 1990 (d) and during the period from 2017 to 2021 (e). The reference line for each
indicator for each income group in (a)–(c) is the average for all countries in the income group (see Methods for calculation
details).
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Figure 4. Potential negative changes in supply chain diversity for wheat, maize and sunflower oil led by the Russia–Ukraine
conflict. (a), wheat. (b), maize. (c), sunflower oil.

sunflower oil supply may influence many coun-
tries, such as Canada, France, Australia, Vietnam,
and Tunisia, significantly (figure 4(c)). However,
the impact of shock on sunflower oil supply may
not be as serious as the shock on wheat and maize

supply. Because the global total trading volume of
sunflower oil was only approximately 0.7% that of
wheat andmaize (FAOSTAT 2023), empirically, many
other oil products could be alternatives to sunflower
oil.

8
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4. Discussion and conclusions

Wedeveloped a national empirical–statistical method
following Gomez et al (2021), with theory that ana-
logous to biodiversity buffering ecosystems against
external shocks (Bennett et al 2020, Isbell et al 2015).
Our study indicated that countries or regions own-
ing a greater DFSC value had a lower probability
of suffering a food shock, lower intensity of impact
when a food shock occurred and faster recovery
speed after a food shock happened. Many previous
studies asserted that overconnected food supply
systems may have a dual effect, increasing expos-
ure to shocks (Tu et al 2019) and amplifying shocks
(Nyström et al 2019). Our results could support this
viewpoint, overconnected supply chains do increase
the probability of food shocks because of excessive
suppliers (figure 1(a)). The supply chain diversity
could actually affect the probability of food shocks
(figure 1(b)) thus effect of overconnection could
also be mitigated by contributing to supply chain
diversity. This study will contribute to quantify the
stability of food supply systemsmeticulously byDFSC
index. Therefore, our study can provide a strong tool
for building food system resilience by managing con-
nectivity in the face of the fast-changing world.

Although the global food supply system improved
overall during the period from 1986 to 2021
(figure 2), unbalanced national developments in the
food supply system were still observed (figure 3).
On the global scale, the intensity of food shock is
decreasing, and the recovery speed after food shock
is increasing, corresponding to the growing DFSC
index. On the spatial distribution scale, generally,
high-income countries had comparatively higher
DFSC values than countries in the rest of world,
indicating better robustness and recovery to food
shocks. The DFSCs in sub-Saharan Africa and the
Middle East have increased obviously (figure 3). It is
a positive sign that the food supply system is becom-
ing better in the least developed region in the world.
However, there are still potential risks to food secur-
ity in Africa and the Middle East. For example, a
recent study reported that more than 820 million
people had an insufficient food supply, and many
more consumed low-quality diets (Willett et al 2019).
In addition, in 2021, 29% of the global population
suffered from moderate-to-severe food insecurity,
and unfortunately, most of the reported population
was distributed in Africa, the Middle East and South
Asia (FAO, IFAD, UNICEF, WFP & WHO 2021).
Especially, considering the conspicuous population
growth rate worldwide (FAOSTAT 2023), maintain-
ing the stability of the food supply in these regions
will still be a challenge.

International emergencies and geopolitical events
such as the Russia–Ukraine conflict could poten-
tially threaten the global food supply system and

impact low-income countries the most. The Russia–
Ukraine conflict has the greatest potential impact on
the global supply chain of wheat, maize and sun-
flower oil (figure 4). Because Russia and Ukraine are
the main suppliers of wheat to many countries in
Africa and the Middle East, a significant reduction in
the diversity of the wheat supply chain would likely
be observed in these two regions (figure 4(a)). This
could seriously threaten the food security of these
countries, resulting in the occurrence of more intense
and frequent wheat supply shocks and comparatively
more times needed for recovery. Finding substitute
trading partners and relieving geopolitical tensions
may help these countries maintain the stability of
their food supply. The maize supply shock led by
the Russia–Ukraine conflict would theoretically have
the greatest impact on many countries in Europe and
China. However, these countries may replenish their
maize supply more easily by importing from other
suppliers because of their advantages on interna-
tional trade and economic development. Therefore,
the risk of supply shortages for maize may ulti-
mately be borne by low-income or the least developed
countries. Sunflower oil supply shocks may impact
Canada, France, Australia, and others. The effect of
sunflower oil supply shortagesmay be limited because
the global total trading volume of sunflower oil is
comparatively low (FAOSTAT 2023). Our empirical–
statistical method of the food supply system and the
results generated by it could provide a reference for
quantifying the stability of the national food supply
system, thus helping insurers, engineers, emergency
managers and policymakers mitigate the risk of food
shocks.
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