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Abstract

Drought events can disrupt food security and increase the risk of violent conflicts. In an inter-
connected global food system, countries rely on both local food production and imports to meet
domestic demand. When assessing the impact of drought risk on national food security, however,
imported crops are often overlooked. This study incorporates international crop trade informa-
tion to understand the role of crop imports in the drought risk profile of countries. We focus on
conflict-affected countries due to their reliance on food imports, and particular vulnerability to
the impacts of drought events and their corresponding cascading effects. We develop a frame-
work to quantify drought risk associated with domestic production and imports of crops (i.e. com-
posite drought risk) by combining gridded drought risk data with crop production and trade for
23 countries. Our findings show that most conflict-affected countries face drought risk primar-
ily through domestic production, as most consumed calories are produced locally. Nevertheless,
including crop imports alters the composite drought risk profiles considerably (>10%) in 13
countries, with changes reaching 40%-50% in some cases. Crop imports also carry their own
external drought risk, contributing more than 10% of high drought risk in 21 countries and
amounting to 80% in some cases. Furthermore, we identify critical trade connections that expose
countries to concentrated drought risks from specific trading partners. We demonstrate the need
to incorporate both domestic and import-related drought risks in food security assessments, and
we suggest potential strategies based on countries’ composite drought risk profiles for drought

resilient food security.

1. Introduction

Food security is not only fundamental for human
well-being and development, but also for societal sta-
bility, with disruptions potentially leading to mul-
tiple societal impacts (Jones 2017, Willett et al 2019).
Food insecurity has been shown to increase social
unrest (Bellemare 2015) and undermine health, not
only through under nutrition but also via diet-
related non-communicable diseases (Martin et al
2016, Gundersen and Ziliak 2018, Willett et al

© 2025 The Author(s). Published by IOP Publishing Ltd

2019, Rulli et al 2024). Links between food secur-
ity and violent conflict have been observed across
multiple scales, from individual to global levels
(Briick and d’Errico 2019, Martin-Shields and Stojetz
2019). Drivers of food insecurity are complex, span-
ning climatic, socio-economic and political factors
(Jagermeyr et al 2020, Bowen et al 2021, Mottaleb
et al 2022, Lin et al 2023, Wolde et al 2023, FSIN
2024). Extreme weather events, such as droughts, can
undermine food security by damaging crops, redu-
cing production and cascading to food shortages and
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price increases (Mach et al 2019, Christian et al 2020,
Hasegawa et al 2021, Talebian et al 2024).

Traditional studies on climate-conflict relations
focus mainly on climate variables, but the impacts of
hydrometeorological variables and extreme weather
events like droughts are particularly critical in
conflict-affected countries (Dahm et al 2023). This
is due to interactions with existing violent con-
flicts (Von Uexkull et al 2016, Martin-Shields and
Stojetz 2019), dependency on rainfed agriculture
(Von Uexkull 2014) and limited coping mechan-
isms (Holleman et al 2017, Jaramillo et al 2023, FSIN
2024). Potential cascading impacts of drought in
conflict-affected areas include increased food insec-
urity, higher number of internal displacements, and
more conflicts (Adaawen et al 2019, Anderson et al
2021, Galli et al 2022, Sardo et al 2023).

Drought risk in the context of food security has
been primarily assessed for domestic crop production
(Vogt et al 2018, Hagenlocher et al 2019, Kogan et al
2019, Hameed et al 2020). This focus often overlooks
the drought risks associated with imported crops
(Ercin et al 2021), leading to potentially inaccurate
estimates of a country’s drought risk exposure. Food
systems are globally interconnected through interna-
tional trade, which increases countries’ dependencies
on food imports, especially in developing countries
(Puma et al 2015, Bren D’Amour et al 2016, Kummu
et al 2020). While crop trading can mitigate the
impacts of local droughts (Dall’Erba et al 2021), dis-
ruptions in crop imports, caused by remote droughts,
geopolitical conflicts or other events, can hinder food
security in importing countries. This is particularly
true for the Global South and conflict-affected coun-
tries, which are often net food importers (Cali 2014,
Burkholz and Schweitzer 2019, Bren D’Amour et al
2020, Talebian et al 2024). For example, studies have
linked the 2011 droughts in Russia and Ukraine to
a global wheat shortage and price hikes, and sub-
sequently to (at least partially) the occurrence of the
Arab Spring (Johnstone and Mazo 2011, Sternberg
2012, Soffiantini 2020).

Under climate change, concurrent droughts and
simultaneous crop failures are projected to become
more common, increasing risks to the global food
system through disruptions in trade connections
(Gaupp et al 2019, Qi et al 2022, Goulart et al 2023,
Hamed et al 2025). Recent studies found vulnerabilit-
ies in the EU’s food imports to climate-related risks in
exporting countries, and an expected rise in remote
drought risk due to climate change (Bras et al 2019,
Ercin et al 2021). Therefore, there is growing recog-
nition of the need for countries to assess drought risk
both domestically and abroad.

This study quantifies the drought risk for food
security in 23 conflict-affected countries, consider-
ing both domestic crop production and imports. We
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develop a framework that quantifies drought risks
for agricultural production regions globally and links
them to countries’ domestic crop production and
to their imports. We apply the framework to assess
changes in drought risk profiles in countries due to
crop imports, to identify critical trade connections
between crop-country combinations, and to discuss
potential strategies for countries to reduce their com-
posite drought risks.

2. Data and methods

2.1. Conflict-affected countries selection

The data used for conflict-affected countries was
obtained from the Georeferenced Event Dataset
(GED) version 24.1 from the Uppsala Conflict Data
Program (Davies et al 2023). It covers individual
events of organized violence at a local scale (such as
a village or town) and at a daily temporal scale glob-
ally over the 1980-2023 period.

The selection of conflict-affected countries aimed
to reflect countries that had chronic issues with viol-
ent conflicts in the recent past and that might struggle
to cope with the impacts of drought events. We
excluded countries classified as high income in the
World Banks’s classification of countries by income
(Ceriani and Verme 2016) and we limited the ana-
lysis to the time period between 2000 and 2020 to bal-
ance data availability and current day relevance. The
selection of conflict-affected countries required cal-
culating conflict years for a given country, which fol-
lowed two conditions: an absolute threshold requir-
ing a minimum of 100 conflict-related fatalities and a
relative threshold of at least 1 conflict-related fatality
per 100 000 population (adapted from World Bank
2020). All types of conflicts documented in the GED
were considered: state-based conflicts, non-state con-
flicts and one-sided violence. Conflict-affected coun-
tries were defined as countries that presented at least 5
non-consecutive conflict years over the study period.
23 countries were selected as conflict-affected coun-
tries (see table 1).

2.2. Framework to connect drought risk to
domestic and imported crops

We developed a framework to assess the drought risk
of crops consumed in a given country, considering
both domestic production and imports, which we
refer to as composite drought risk. The framework
requires national data on crop production and trade,
and gridded data on crop production and drought
risk, which are processed and then combined. The
specific data and steps are described below.

2.2.1. Crop production and trade
National crop production data were obtained from
the crops and livestock products (QCL) database
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Figure 1. Composite drought risk method description. Colors represent different crop types on left panel, drought risk level on
middle panel, and countries on right panel. Black borders indicate country borders and black arrows the direction of crop trade.

(FAO 2024a) and trade data were obtained from
the food and agricultural trade matrix (TM) data-
base from the Food and Agriculture Organization
of the United Nations (FAO 2024b). The QCL data-
set provides yearly crop production data for crops
and livestock from 1961 onward, while the TM offers
annual data on imports and exports for food and
agricultural commodities, covering bilateral trade
between countries over the 1986-2022 period. The
following staple crops were considered in our analysis:
barley, cassava, maize, millet, potatoes, rice, sorghum,
soybeans, and wheat. For rice, soybeans, potatoes,
and cassava, trade data was adjusted to account for
different forms of these crops in trade versus pro-
duction, with conversions to primary crop equival-
ents based on FAO conversion factors (FAO 2009),
more details on SI section 1. For a uniform compar-
ison of food energy content between different crops,
crop data was converted from tons to calories using
caloric density values from the FAO. To account for
domestic crop production available for national use,
we subtracted total exports from the total national
production.

We also used a global gridded dataset providing
crop production data at a high spatial resolution. This
dataset is produced by the global process-based crop
model ACEA (Mialyk et al 2024) and offers annual
simulated production for 175 crops from 1990 to
2019, at a 5-arcminute spatial resolution. It differen-
tiates between rainfed and irrigated production sys-
tems. We converted crop production values in each
grid cell into relative production values, representing
the percentage of local production with respect to the
country’s national production for a given crop.

2.2.2. Drought risk categories

For assessing drought risk that is relevant to food
security, we use a global gridded dataset designed
for agricultural systems (Meza et al 2020). The data-
set provides drought risk information for irrigated
and rainfed agricultural systems at a 0.5° spatial res-
olution and averaged between 1980-2016. Drought
risk for each system is based on hazards, expos-
ure, and vulnerability indicators, all normalized and

unitless. The agricultural focus supports the connec-
tion between drought risk and food security: drought
hazards are derived from climate data, exposure from
crop information, and vulnerability from agriculture-
relevant socioecological indicators. Details on the
data are available on Meza et al (2020).

We convert drought risk data into categories for
easier comparison and interpretation. First, we com-
bined the rainfed and irrigated drought risk data
based on their weighted harvest areas to obtain the
combined drought risk (also unitless). The data was
then downscaled using the nearest neighbor approach
to match the spatial resolution of the crop produc-
tion data. Finally, it was categorized into five discrete
classes using a quantile approach, ensuring equal-
sized categories, and classified from very low to very
high.

2.2.3. Composite drought risk calculation

We combined drought risk and crop production data-
sets so that each grid cell has information on both the
relative production for a given crop and the corres-
ponding drought risk category. We allocated national
domestic crop production based on each grid cell’s
relative domestic production share for the specific
crop. Total crop imports from each specific partner
were allocated based on the relative production shares
within the country of origin’s grid cells (figure 1). The
composite drought risk of a given country (unitless,
due to normalization) was calculated at 5-arcminute
resolution by aggregating calorie-weighted domestic
crop production and imports across drought risk cat-
egories, and then summarizing to the national level.
Knowing the origin of drought risk helps understand
the contributing factors to the composite drought
risk profile of individual countries. They can also
support the development of different strategies for
both domestic production and international trade to
reduce composite drought risk.

2.2.4. Bilateral trade connections

The framework also quantifies the drought risk
of individual bilateral trades, which enables the
identification of potential external vulnerabilities to
a country’s food security. We defined critical trade
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connections as those in which at least 10% of a coun-
try’s total caloric intake for a specific crop is sourced
from high or very high drought risk regions from a
single partner country. The 10% threshold is chosen
for scalability and realism (Bren D’Amour et al 2016).
We then determined the number of critical trade
connections affecting each conflict-affected country.
Identifying critical trade connections can support
trade policies aimed at trade diversification.

3. Results

3.1. Domestic crop production and imports in
conflict-affected countries

16 out of 23 countries, mainly located in Eastern,
Middle, and Western Africa, source most of their cal-
ories from domestic production, with most countries
importing less than 10% of the domestic produc-
tion (table 1). However, seven countries import more
calories than they produce domestically. They are
mainly from the Middle East (6.52 average import/-
domestic ratio) and Northern Africa (5.73 ratio),
with Lebanon (17.91) and Libya (14.64) showing the
highest ratios among all countries analyzed. Latin
America (Colombia and Mexico) also imports more
than it produces, but at lower ratios (2.10). Southeast
Asia shows in general low imports (0.14 ratio), but
countries like Pakistan and Sri Lanka import the equi-
valence of 43% and 44% of their domestic produc-
tion, respectively. In Southeast Asia, Philippines show
an import/domestic ratio of 0.27 while Myanmar
does not engage in trade.

3.2. Drought risk in domestic crop production
Coupling domestic crop production with corres-
ponding drought risk levels indicates that 16 coun-
tries have at least 30% of their domestic crop
production affected by high or very high drought
risk (table 2). Furthermore, 11 of these countries
have over 50% of their domestic crop production
in areas with high or very high drought levels.
Yemen (99.7%), Pakistan (97.5%), Iraq (91.9%),
Afghanistan (91.8%), Sudan (87.4%), Libya (86.6%),
and Sri Lanka (80.9%) face the highest domestic
risk, with over three-quarters of their total produc-
tion in high or very high drought risk level areas.
Conversely, countries like Nigeria (2.2%), Central
African Republic (CAR) (2.6%), Myanmar (5.9%),
Uganda (8.3%) and Cameroon (10.9%) present the
lowest drought risk in domestic crop production.
Regional analysis indicates the Middle East and North
Africa as regions with the highest relative production
in high and very high risk (average of 83.7%), while
Eastern, Middle, and Western Africa display the low-
est contributions from high and very high drought
risk in their domestic crop production (17.3% on
average).

H M D Goulart et al

3.3. Import-related drought risk implications
Beyond analyzing the drought risks in domestic pro-
duction, we also include imported crops and their
corresponding drought risk to quantify the changes
in the composite drought risk that countries may face
by engaging in international trade (figure 2(a)). 13
out of 23 countries exhibit a shift of at least 10%
in their drought risk profile when including crop
imports: risk decreases for 8 countries and increases
for 5. Countries with large shares of domestic produc-
tion in high and very high drought risk areas con-
siderably decrease their composite drought risk by
importing crops, up to 40%—50% in case of Yemen
and Libya. Countries with little domestic crop pro-
duction in high and very high risk areas experience
mild increases in their composite drought risk due to
crop imports.

The sources of high and very high drought risk
areas are shown in figure 2(b), distinguishing between
domestic production and imports. For the majority
of conflict-affected countries (15) the main source
of high and very high drought risk originates from
domestic production. Among the highest-risk coun-
tries (Afghanistan, Sudan, Iraq, Pakistan and Sri
Lanka), drought risk is dominated by domestic pro-
duction, making up over 80% of the combined high
and very high drought risk levels, and over 50% of the
composite drought risk. Nevertheless, import-related
drought are still a risk factor as they account in 21 out
of 23 countries for at least 10% of their high and very
high drought risk. Countries like Lebanon, Libya,
Yemen, Syria, Nigeria, Colombia and Algeria have
over 50% of their high and very high drought risk
from imported crops. Thus, while imports can lower
the composite drought risk compared to domestic
production alone in many of these countries, a high
dependency on crop imports, especially from high
and very high drought risk areas, renders their food
security vulnerable to droughts beyond their bor-
ders. Countries at the bottom of the figure, such
as Nigeria and Myanmar, show small blue and yel-
low bars, indicating small shares of high and very
high drought risk from both domestic and impor-
ted sources. Further details on the composite drought
risk, including results for other drought categories,
and for individual crops are available at SI section 3.

3.4. Drought risk profiles of conflict-affected
countries

Figure 3 maps each conflict-affected country’s
domestic drought risk against their import depend-
ency, clustering countries with similar profiles. In
cluster 1, Afghanistan, Sudan, Syria, Iraq, Pakistan,
and Sri Lanka display high drought risk in domestic
production (>80%) and low import dependency
(<40%). On the left side of the figure, cluster 2,
with Niger, Mali, Nepal and Philippines, indic-
ates moderate drought risk in domestic produc-
tion (approximately 50%) and low dependency on
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Table 1. Crop production and import dependency in conflict-affected countries. Selected countries, domestic crop production (kcal),

crop imports (kcal).

H M D Goulart et al

Domestic production  Crop imports Import/domestic
Region Country (billions kcal) (billions kcal) ratio
Eastern Africa Burundi 271 58 0.2
Uganda 1911 239 0.1
Latin America Colombia 1945 4349 2.2
Mexico 12 631 24 747 2.0
Middle Africa Central African 170 2 0.0
Republic
Cameroon 1463 165 0.1
Democratic Republic 3773 194 0.1
of the Congo
Middle East Iraq 1386 412 0.3
Lebanon 54 972 17.9
Syria 1510 2917 1.9
Yemen 200 1186 5.9
Northern Africa Algeria 1253 2917 2.3
Libya 79 1154 14.6
Sudan 2077 464 0.2
South Asia Afghanistan 1704 312 0.2
Nepal 3037 742 0.2
Pakistan 12 661 5435 0.4
Sri Lanka 1417 629 0.4
Southeast Asia Myanmar 11 140 163 0.0
Philippines 8507 2264 0.3
Western Africa Mali 2093 89 0.0
Niger 1522 38 0.0
Nigeria 16 743 1211 0.1

crop imports (<25%). In cluster 3, CAR, Nigeria,
Myanmar, Uganda, and Cameroon, Democratic
Republic of the Congo (DR Congo) and Burundi,
demonstrate both low drought risk in domestic
production and limited import dependency, rep-
resenting the most drought-resilient profile overall.
Countries in cluster 4 (Yemen, Libya, and Algeria)
face both high drought risk in domestic produc-
tion (>60%) and high import dependency (>60%).
Colombia and Mexico, cluster 5, reveal drought risk
in domestic production between 30% and 50%, and
medium import dependency (>40%). Top clusters
show a higher risk in domestic production than in
crop imports (red dots), while bottom clusters indic-
ate the opposite (blue dots). The robustness of the
clusters over different approaches and cases is shown
in SI section 2.

3.5. Critical trade connections

A global map combining crop production (in kcal)
and drought risk is presented in figure 4(a). Hotspot
regions of high crop production and high drought
risk are seen in areas of India, China, Russia, North
and South America. We identify critical trade con-
nections between crop-country combinations. Their

total count provides an estimate of the number of
external vulnerabilities to a country’s food security.
All conflict-affected countries exhibit at least one crit-
ical trade connection, with Libya and Lebanon show-
ing the highest numbers (10 connections each), fol-
lowed by Sudan (9 connections) (figure 4(b)), sug-
gesting broader risk sources to their food secur-
ity. A small number of suppliers dominate crit-
ical trade connections to conflict-affected coun-
tries (figure 4(c)). India and Russia each have crit-
ical trade connections to 9 countries, followed by
the United States (8 countries) and Argentina and
Pakistan (7 countries each). These countries cor-
respond closely to the high-production, high-risk
regions presented in the global map. Disruptions
in these major suppliers could simultaneously affect
multiple conflict-affected regions. Among crops, rice
emerges as the most critical crop traded globally,
accounting for 23 critical trade connections, followed
by soybeans (17 connections) and barley (13 connec-
tions) (figure 4(d)). We also investigate crop-supplier
pairs and find that India has the highest number
of critical millet trades (7 connections), Russia of
critical wheat trades (7 connections), and Pakistan
of critical rice trades (6 connections) (figure SI 6).
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Table 2. Percentage of domestic production under different drought risk categories. Drought risk categories range from very low to very

high.
Relative domestic production per risk category (%)

Region Country Very Low Low Medium High Very High
South Asia Afghanistan 4 2 2 4 88
South Asia Pakistan 0 0 2 13 85
Northern Sudan 0 8 4 5 83
Africa
Middle East Iraq 1 2 5 13 79
South Asia Sri Lanka 0 10 9 17 64
Northern Libya 0 1 13 24 63
Africa
Middle East Lebanon 0 19 12 12 57
Middle East Yemen 0 0 0 47 53
Middle East Syria 0 2 21 25 52
Northern Algeria 3 8 15 33 42
Africa
Latin America  Mexico 28 14 10 14 35
South Asia Nepal 12 18 23 15 32
Western Africa Mali 41 20 6 3 31
Western Africa  Niger 15 23 12 30 20
Southeast Asia  Philippines 6 25 23 26 20
Eastern Africa  Burundi 15 27 43 3 12
Latin America  Colombia 46 15 7 20 11
Middle Africa  Cameroon 68 14 8 2 9
Southeast Asia Myanmar 43 45 7 3 3
Middle Africa  Central African 97 0 1 1 2

Republic
Middle Africa  Democratic 32 10 41 15 2

Republic of the

Congo
Eastern Africa  Uganda 14 53 25 8 1
Western Africa  Nigeria 70 24 4 2 0

a) Effects of crop imports on drought risk profile b) Sources of crops with high and very high drought risk
Yemen 4 O 1 14.1
pakistan | o-m
Afghanistan 1
Irag o o—i T
Libya 4 o—0
Sudan - o—u
Sri Lanka < | -
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Figure 2. (a) Comparison of drought risk profiles in conflict-affected countries considering domestic production only and
including crop imports. Blue squares represent domestic production only, while green circles include imports. (b) Composition
of high and very high drought risk by source. Bars represent the percentage of total calories derived from high and very high
drought risk areas, subdivided into domestic production (blue) and imports (golden).
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Additionally, the main individual trade connections
among crop-country combinations, defined by their
critical import magnitude, are shown in Figure SI 7.

The spatial patterns of critical trade connections
show distinct vulnerability profiles across countries
(figure 5). Libya demonstrates the most geograph-
ically dispersed import sources, drawing from mul-
tiple global suppliers, while countries like Sudan and
Afghanistan show greater reliance on regional part-
ners, creating concentrated geographic vulnerabilit-
ies. These patterns indicate that while geographic
diversification may reduce some risks, the domin-
ance of few key suppliers creates systemic vulner-
abilities that could cascade across multiple regions
simultaneously.

4. Discussion

Drought events can exacerbate both food insecur-
ity and conflicts, which are on their own mutually
reinforcing (Tschunkert and Delgado 2022, Jaramillo
et al 2023, Sova et al 2023). In an interconnec-
ted global food system, many countries depend
on food imports, potentially mitigating domestic
drought vulnerability but making them vulnerable to

droughts outside of their borders. This study incor-
porates international crop trade information into
drought risk assessment to understand the role of
crop imports in the drought risk profile of conflict-
affected countries, and to identify critical trade con-
nections that may amplify food insecurity.

4.1. Crop imports matter for drought risk
assessment

Domestic production is the primary driver of drought
risk to crop consumption in most conflict-affected
countries, largely because the majority of their calor-
ies are sourced domestically. However, crop imports
are still relevant for many countries as they shift com-
posite drought risk considerably: in 13 of 23 coun-
tries, crop imports change high and very high drought
risk levels by at least 10%, with changes reaching up
to 50% in extreme cases. Crop imports also introduce
drought risk from trading partners, accounting for at
least 10% of high drought risk in 21 countries, and
reaching approximately 80% in cases like Lebanon
and Libya. Other studies documented approximate
results by analyzing vulnerabilities to remote disrup-
tions and shocks in similar regions (Bren D’Amour
et al 2016, Burkholz and Schweitzer 2019).
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Recent studies found that climate-related haz- of crop imports alters drought risk profiles in many
ards in exporting regions, like droughts, matters conflict-affected countries. Since food security forms
when assessing importing countries’ food security —an important mediating variable in climate-conflict
(Bras et al 2019, Ercin et al 2021). Our results rein-  pathways, we argue that studies focusing solely on
force these findings by showing that the inclusion domestic drought risk can present an incomplete
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picture of the dynamics between climate, food secur-
ity and violent conflict.

4.2. Potential strategies based on composite
drought risk profiles

The findings of this study have policy making implic-
ations and can be used to support tailored strategies
to countries in different circumstances. Countries
that have high domestic production risk but have
low import dependency (e.g. Afghanistan and Sudan
from cluster 1 in figure 4) can improve domestic
crop production e.g. through improved water man-
agement, or shifting to more drought-resistant and
sustainable crop varieties and types (Mustafa et al
2019, Ricciardi et al 2024, Talebian et al 2024). Such
countries can also explore opportunities to increase
crop imports from low drought risk regions or pur-
sue internal cooperation (Kuhla et al 2024), such
as regional trade agreements with grain reserves
(Kornher and Kalkuhl 2016). Countries with both
high domestic risk and high import dependency
(e.g. Yemen, Libya, cluster 4) can combine efforts to

reduce domestic vulnerability with actions to diver-
sify imports. Some of these countries face arid desert
conditions that limit domestic agriculture expansion
(Bren D’Amour et al 2016), and focus should be in
diversifying towards trade partners in low-drought
risk areas (Aguiar et al 2020). Critical trade con-
nection can help identify the riskiest import part-
ners. Countries with low domestic drought risk but
high import dependence (cluster 5) can expand their
low drought risk crop production areas, or diversify
imports to lower risk areas. Countries with the low-
est composite drought risk and low import depend-
ency (cluster 3) can maintain their current approach
to domestic crop production, while monitoring for
potential changes in demand or climate conditions.
This latter group of countries, however, may play
a mitigating role in reducing drought risk exposure
in other countries: if they expand their sustainable
domestic production and export additional produc-
tion under low drought risk, they may pre-empt the
need to produce those crops in high drought risk
countries that import from them (Hogeboom 2020).
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Such expansion should avoid undermining water sus-
tainability (in situ or downstream) and prioritize
nutrient-dense local consumption to ensure broader
food and nutritional security (Galli et al 2023, Mehta
et al 2025). A readily available strategy for all coun-
tries is to identify their main drought risk vulnerabil-
ities domestically and remotely. Mapping vulnerab-
ilities and critical trade connections helps to better
direct resources towards monitoring and anticipating
drought conditions in key domestic or external areas
(Funk et al 2019, Busker et al 2023).

4.3. Limitations and future research

Our study focused solely on the drought aspect of
food security. However, food security is a complex
topic with multiple drivers and interactions, includ-
ing other climate hazards, conflicts, displacement and
economic drivers (FSIN 2024). Some of the strategies
in this study suggest crop imports to reduce the com-
posite drought risk, but international food trade also
carries geopolitical implications. Recent disruptions
from the Russia—Ukraine war illustrate how conflicts
can trigger supply shocks and global price hikes,
with disproportionate impacts on import-dependent
countries (Carriquiry et al 2022, Bertassello et al 2023,
Jia et al 2024). These dynamics can further cascade
into structural changes in global land and resource
use (Dell’Angelo et al 2023). While the drought risk
data accounts for crop-specific water requirements in
its calculations (Meza et al 2020), the final risk values
are aggregated across all crops within each grid cell,
which may not fully capture the specific drought vul-
nerabilities of individual crop types (Dietz et al 2021).
International food trade is both complex and data
sensitive. While the most comprehensive public data-
base for food trade, the FAO TM does not have data
for all countries and trade flows, possibly due to coun-
tries not disclosing their trade partnerships, limiting
the number of countries included in the analysis. The
data is also not suited for accounting for re-exports
(exports of imported products), which has been con-
sidered in other studies (Ali et al 2021). Additionally,
drought risk, crop production and crop trade data are
averages of past time periods, which may not reflect
future conditions under climate change. Our analysis
does not account for indirect effects such as the role of
intermediate countries in trade and food processing,
which exclude other potential trade chain disruptions
(Burkholz and Schweitzer 2019).

Besides including import-related drought risk,
future research could also account for changes in
future drought risk (Qi et al 2022), crop produc-
tion and consumption (Lehtonen et al 2021), and
trade policies (Wu et al 2024). Storyline approaches
can explore these scenarios through specific event
sequences and quantifying cascading effects (Goulart
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et al 2021, van den Hurk et al 2023). Studies
could also consider water footprint to include vir-
tual water trading, which accounts for intermediar-
ies between crop producing and consuming regions
(Hogeboom 2020). Additionally, future studies could
explore interannual variability of droughts and crop
trades, or investigate the potential uses and benefits
of early warning systems (such as seasonal weather
forecasts) combined with our method. While calorie
availability is central to food security assessments, it
does not capture the adequacy of diets in terms of
micronutrients (Ricciardi et al 2024). Future research
could extend our framework to micronutrient intake
and to a more extensive supply chain coverage (e.g.
processed crops), allowing for more comprehensive
assessments of drought risk impacts on health and
nutrition.

5. Conclusions

This study investigates drought risk to crop con-
sumption in 23 conflict-affected countries, consid-
ering both domestic production and imports. While
domestic production accounts for the majority of
composite drought risk, crop imports both alter the
drought risk profiles in most countries and add con-
siderable sources of high drought risk from remote
areas. Food security assessment studies should there-
fore incorporate both domestic and remote drought
risks, particularly in the climate-conflict research
area. We propose a method to identify critical trade
connections between country-crop combinations to
support targeted actions, and suggest ways to use
this information in strategies to reduce the risk
of droughts and improve food security in conflict-
affected countries.

Data availability statement

The drought risk dataset is available at Meza et al
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The data and code that support the findings
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