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1. Introduction

The core importance of food security lies in its funda-
mental impact on the quality of human life. Food security
is not just about nutritional adequacy but is also the foun-
dation of health and well-being. In 2021, approximately
139 million people globally were in a state of food crisis
or severe insecurity, with war and instability being the pri-
mary driving . Against this backdrop, the outbreak of the
war in Ukraine has not only caused a local humanitarian
disaster but also posed a severe challenge to global food
security.

The full-scale military invasion of Ukraine by Russia
on February 24, 2022, resulted in civilian casualties and
damage to key infrastructure, followed by extensive sanc-
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This paper explores the significant impact of the Ukraine conflict on
local food security, employing a robust methodological framework that
integrates Propensity Score Matching (PSM) and Difference-in-Differences
(DiD) estimation, supplemented by placebo tests and the synthetic control
method. By examining panel data from 2014 to 2022, the study reveals
a causal relationship between the conflict and a notable deterioration
in Ukraine’s food security index. The conflict, characterized by direct
damages to agricultural production and infrastructure, alongside indirect
economic and social disruptions, has led to a substantial decline in food
security. This research contributes to understanding the dynamics of
how war affects food security and provides actionable insights for policy
formulation and response strategies to mitigate such impacts in similar
conflict scenarios. Through a comprehensive analysis, it highlights the
urgent need for international cooperation and humanitarian aid to address
the challenges posed to food security by the war, emphasizing the broader
implications for global food markets and prices.

tions imposed on Russia by Western countries. The direct
consequences of this war are not only a humanitarian cri-
sis in Ukraine but also shocks to the global food and ener-
gy markets, particularly with prices remaining high until
the end of 2024, further threatening global food security !

The outbreak of the war has exacerbated global con-
cerns about food security. Ukraine and Russia, serving as
the “breadbasket of the world,” play significant roles in
the global food and fertilizer industry. Both countries are
major producers and exporters of agricultural products,
minerals, fertilizers, and energy, with their resources be-
ing rich and typically concentrated in a few countries ™.
Therefore, the war in Ukraine has had a significant impact
on the global food market and prices, especially against

DOI: http://doi.org/10.26549/jfr.v8i1.16890

11


http://doi.org/10.26549/jfr.v8i1.16890

Journal of Finance Research | Volume 08 | Issue 01 | April 2024

the backdrop of supply chain disruptions caused by the
COVID-19 pandemic, strong global demand, droughts,
and poor harvests in South America ',

Four months after the outbreak of the war, Ukraine’s
exports came to a halt, and future harvests became uncer-
tain, leading to soaring global agricultural product prices
and potentially plunging millions into hunger and pover-
ty. Price increases and trade disruptions could also limit
the supply of humanitarian aid for the prevention and
treatment of acute malnutrition, increasing the number of
malnourished individuals. The World Food Programme
estimates that the number of people facing severe hunger
will increase by 47 million compared to the pre-war base-
line, with 323 million people expected to face severe food
insecurity in 2022 . The World Bank estimates that for
every percentage point increase in food prices, 10 million
people are pushed into severe poverty ™

The purpose of this study is to investigate the direct im-
pact of the war in Ukraine on local food security. Employ-
ing the PSM-DID method, combined with placebo tests
and the synthetic control method for robustness checks
of regression results, this study aims to reveal the causal
relationship between the war and the local food security
index in Ukraine. Through this approach, the specific im-
pact of the war on food security in Ukraine can be more
accurately determined, providing policy recommendations
and response strategies for similar conflicts that may oc-
cur in the future.

2. Literature review

The direct impacts of war on food security are profound,
with the most noticeable being disruptions to the harvesting
and transportation of agricultural products, directly affect-
ing staple supply and prices. The war has compromised
Ukraine’s ability to transport agricultural products both do-
mestically and internationally, especially when port facilities
and railways are damaged . In fact, the war has caused a
disruption to 95% of Ukraine’s grain exports, primarily corn,
especially during spring and early summer. Due to the lack
of an effective railway system, even though alternative trans-
portation routes, such as exporting through Poland or Roma-
nia, are feasible, these paths face many challenges, such as
differing railway gauges and limited storage capacity. Ad-
ditionally, increased insurance costs in the Black Sea region
further exacerbate transportation costs, affecting food import
prices .

The war has also made it impossible for Ukrainian
farmers to farm normally, with conscription and displace-
ment causing labor shortages, thereby affecting agricul-
tural activities. The lack of key agricultural inputs, such
as fertilizers, exacerbates this issue, potentially disrupting
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ongoing spring planting and the upcoming winter crop
harvests. According to the Food and Agriculture Organi-
zation, by 2022, up to a third of crops and farmland may
be unharvested or unfarmed .

On the other hand, the economic sanctions against
Russia create uncertainty for Russian exports. While Rus-
sia’s Black Sea ports remain temporarily open, financial
sanctions have led to currency depreciation, which could
hinder productivity and development, and ultimately raise
the costs of agricultural output. Moreover, Russia’s re-
strictions on exporting agricultural products and food to
non-"friendly” countries will exacerbate global food sup-
ply shortages, raise prices, and weaken the food security
of hundreds of millions .

The indirect effects of the Ukraine war cannot be over-
looked either. First, the rise in prices of basic inputs, such
as fertilizers, leads many farmers globally to switch to
crops with lower fertilizer requirements, like soybeans,
which may exacerbate the supply shortages of high ferti-
lizer-demand crops like wheat and corn "', Second, many
countries have implemented export restrictions to ensure
local food supply, which, although may be effective in the
short term, could have profound effects on global food
pricing and security in the long term. Moreover, panic
buying behaviors at the national and individual levels,
especially during the COVID-19 pandemic, indicate high
levels of concern for food security during crises ™*.

The war could also affect the economy’s ability to ac-
cess food, especially against the backdrop of the global
economy impacted by the COVID-19 pandemic. This
could lead to an increase in the costs of food and energy,
disproportionately affecting the poor and middle class.
The rise in international prices affects those dependent on
grain ),

An important aspect when discussing the impact of
the Ukraine war on food security is the consideration of
endogeneity issues. In recent years, food security and its
consequences have garnered widespread attention, with
research primarily focused on the conceptual understand-
ing of food insecurity, such as insufficient dietary energy
supply and malnutrition, and how to mitigate these issues.
Additionally, researchers and practitioners have begun to
explore the impact of food insecurity on conflict, a rela-
tively new but crucial field "'”.

Food security issues vary across regions and societies,
influenced by the type, intensity, and income levels of
armed conflicts. Its impacts stem from multiple levels,
including the nutritional and economic opportunities at
the individual and household levels, which may directly
affect the likelihood of engaging in antisocial behaviors
(Briones Alonso, Cockx, and Swinnen, 2018). Moreover,
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more macro-level factors, such as global food prices, pol-
icies, and wartime institutions, markets, governance, and
climate conditions domestically and locally, also have sig-
nificant impacts "',

Especially at the individual level, food insecurity or its
threat may stimulate material and immaterial motivations,
prompting individuals to engage in antisocial behaviors.
However, due to the complexity of motivations and the
lack of empirical evidence, it is challenging to measure
precisely. These motivations are often complex and diffi-
cult to measure empirically, and the presence of alterna-
tive mechanisms not directly associated with food inse-
curity (such as kidnapping, peer pressure, ideology, and
sentiment) makes it difficult to distinguish empirically.

Charles P. Martin-Shields and Wolfgang Stojetz in
2019 " researched the causal relationship between food
security and conflict, finding robust quantitative evidence
of a bidirectional relationship between food security and
violent conflict, which explains the endogeneity issues.
They summarized existing evidence and identified limita-
tions in both directions: (i) the impact of violent conflict
on food insecurity; and (ii) the impact of food insecurity
on violent conflict as discussed in section 3.3. They uti-
lized the Russia-Ukraine conflict as an exogenous shock,
effectively mitigating the bidirectional

3. Data and methodology

This paper employs the Difference-in-Differences
(DiD) estimation method, referenced from Card and Krue-
ger (2000) ", to compare changes in the food security
index over time between matched treatment and control
groups, while considering both time and individual fixed
effects. This approach helps isolate the causal impact of
the Ukraine war on food security, controlling for both
observable and unobservable confounding factors. The
model is specified as follows:

Y, =p0 + p1 * War, + 2 * Treat, + 3 + Post,+ 4 * X, +
o;trteg,

Where Y, represents the food security score of coun-
try i at time ¢. Food security, the dependent variable in
this study, is a multidimensional and flexible concept
with multiple definitions. This paper adopts the defini-
tion proposed by the Food and Agriculture Organization
(FAO) in 1996 and revised in 2001: “Food security ex-
ists when all people, at all times, have physical, social,
and economic access to sufficient, safe, and nutritious
food to meet their dietary needs and food preferences for
an active and healthy life” "), To measure food security,
this paper utilizes the food security index data from The
Economist Intelligence Unit, which covers aspects such
as affordability, availability, quality and safety, sustaina-
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bility, and adaptability.

War,, represents the interaction term for the treatment
group (Ukraine) and the post-treatment period (after
2022). Treat_iis a binary variable indicating Ukraine (1
for Ukraine, 0 for others). Post, is a binary variable for the
period after 2022. X, includes control variables such as
GDP, consumption, savings, secondary industry develop-
ment, inflation CPI, the index of economic freedom, pop-
ulation, and arable land area. ¢; and 7, represent country
and year fixed effects, respectively. ¢, is the error term.

The index of economic freedom is calculated using the
Principal Component Analysis (PCA) method, based on
sub-indices such as property rights, integrity, fiscal free-
dom, government spending, business freedom, labor free-
dom, monetary freedom, trade freedom, investment free-
dom, and financial freedom. Data for all control variables
are sourced from the United Nations Statistics Division,
the World Bank database, and the International Monetary
Fund database.

To further reduce endogeneity issues, this study com-
bines the use of Propensity Score Matching (PSM) and
DiD estimation. PSM matches Ukraine with other coun-
tries that have not experienced war, based on observable
covariates such as GDP, consumption, savings, and sec-
ondary industry development, helping to reduce biases
that may arise from unobserved differences between the
treatment and control groups "*. By matching countries
that are similar in these characteristics, PSM helps to re-
duce bias.

The original dataset includes samples from 141 sover-
eign countries from 2014-2022. Given that war conflicts
and food security are highly correlated with national
characteristics, prone to selection bias, this paper matches
control group firms closest to Ukraine in national char-
acteristics using the Propensity Score Matching method
to avoid the impact of selection bias on the accuracy of
causal inference. Specifically, this study uses GDP and
population as covariates, estimates propensity scores
through logistic regression, and employs nearest neighbor
matching to match each treated unit with 8 untreated units
with similar propensity scores, constructing a comparable
control group (Leuven & Sianesi, 2018). A caliper value
of 0.05 is set to limit the difference in propensity score
values between the control and treatment group samples.
The matching results passed the balance test proposed
by Rosenbaum and Rubin (1985). Figures 1 and 2 show
the control group countries are essentially the same as
Ukraine after matching.

Descriptive statistics are reported table 1 below, with
the score being log-transformed. The mean and median
are relatively close, indicating a normal distribution.
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Figure 1. Before matching Figure 2. After matching
Table 1. Descriptive Statistic

Variable Name Obs Mean Median Min Max SD
score 50 4.050 4.032 3.525 4.406 0.196
treat 50 0.160 0.000 0.000 1.000 0.370
post 50 0.100 0.000 0.000 1.000 0.303
War 50 0.020 0.000 0.000 1.000 0.141
GDP 50 24.841 24.893 21.802 28.121 1.880
consumption 50 0.766 0.763 0.428 1.061 0.125
saving 50 0.004 0.002 -0.010 0.021 0.006
secondary 50 3.957 3.587 1.667 7.630 1.560
InflationCPI 50 9.329 5.023 4.473 23.163 7.089
EconFreelndex 50 4.058 4.124 3.845 4.196 0.100
Population 50 1.250 1.255 0.870 1.675 0.220
AgrArea 50 12.981 13.019 12.497 13.019 0.107

4. Results

The results presented in the first column in table 2 il-
lustrate the average impact of the Ukraine war on local
food security in Ukraine, showing a significant decline in
food security with a regression coefficient of -0.337 at the
1% significance level. This indicates that food security in
Ukraine has significantly deteriorated following the war.
The second column, which includes control variables on
top of the first column’s model, shows a regression result
of -0.263, significant at the 1% level. Columns three and
four, which regress using robust standard errors on the ba-
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sis of previous models, maintain consistency with the first
and second columns, indicating a certain robustness in the
regression results.

From an economic perspective, these results clearly
demonstrate the destructive impact of war on a country’s
food security. Particularly for Ukraine, the war has not
only directly affected its agricultural production capaci-
ty but may also exacerbate food security issues through
indirect means such as infrastructure damage, economic
turmoil, and social instability. Therefore, policy measures
and aid during and after the war are crucial for mitigating
these negative impacts.
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Table 2. Baseline regression

1 @ ©) “
score score score score
War -0.337" -0.263" -0.337" -0.263"
(-4.704) (-2.3006) (-6.658) (-2.515)
treat 0.220™" 1.177 0.220™" 1.177
(3.273) (1.589) (3.570) (1.306)
post 0.000 0.167" 0.000 0.167
) (2.238) ) (1.911)
GDP 0.007 0.007
(0.047) (0.033)
consumption -1.378 -1.378
(-2.019) (-1.401)
saving -3.949 -3.949
(-1.189) (-0.791)
secondary 0.067 0.067
(1.399) (1.588)
InflationCPI 0.138 0.138
(1.002) (0.889)
EconFreelndex -0.022 -0.022
(-0.089) (-0.071)
Population 0.001 0.001
(0.380) (0.296)
AgrArea 0.000 0.000
) 0
_cons 3.765™ 1.154 3.765™ 1.154
(50.523) (0.292) (53.272) (0.240)
Year FE Yes Yes Yes Yes
Country FE Yes Yes Yes Yes
N 50 50 50 50
2 a 0914 0.909 0914 0.909

¢ statistics in parentheses
"p<0.1," p<0.05 " p<0.01

5. Robustness Check

To further verify the robustness of the experimental
results and address endogeneity issues, this paper employs
three methods: parallel trend tests, placebo tests, and syn-
thetic control methods to further examine the robustness
of the regression results.

5.1 Parallel Trend Test

The parallel trend assumption is a prerequisite for em-
ploying DID in empirical papers. The target variable for
both the treatment and control groups before the policy
implementation (pre-treatment) must satisfy the parallel
trend assumption for DID to be applicable. Conversely, if
there are pre-existing differences between the treatment
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and control groups before the policy, the DID results may
not represent the net effect of the policy, as other factors
could influence the changes in the dependent variable.
Therefore, a parallel trend test is conducted first.

Figure 3 is a time trend graph showing that before the
start of the Russia-Ukraine war (2022), the food security
index trends of both the treatment and control groups were
generally consistent and upward. However, during the two
years of 2022, the directions of the target variable changes
for the two groups diverged. Ukraine experienced a sharp
decline after the war, while the synthetic control group
continued an upward trend. Thus, it can be preliminarily
judged that the parallel trend assumption before the Rus-
sia-Ukraine war is basically satisfied, and the difference in
trend lines after 2022 is likely caused by the war. Howev-
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er, this conclusion is not robust and requires further exam-
ination of the dynamic effects between the two groups.

score

T T T T T T T T
2015 2016 2017 2018 2019 2020 2021 2022
Year

|—0— treat_group ——e—- control_group ‘

Figure 3. Parallel trend test

Figure 4 is a dynamic effect test graph, where the verti-
cal capped short lines perpendicular to the horizontal axis
represent the 95% confidence intervals of the regression
coefficients of the interaction terms with the treatment
group dummy variable for each period. Before period 0
(2022), the pre-war coefficients are not significant (the
95% confidence intervals do not cross the coefficient = 0
horizontal line), whereas the coefficients after the war are
generally significant.

health-score
o

T T T T T T T
before? before6 before5 befored before3 2 4
Year

Figure 4. Dynamic effect test

5.2 Placebo Test

The placebo test, following the approach of Xu Si et al. ,
is employed to rule out the influence of time trends and
ensure that the deterioration in food security is not due to
local policies or other random factors, but rather a con-
sequence of the war. To exclude this potential possibility,
the study randomly selects individuals as the treatment
group and repeats this process 100 times to test whether
the coefficients of the “pseudo-policy dummy variables”
are significant. The graph displays the distribution of the
100 “pseudo-policy dummy variable” estimation coeffi-
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cients and their corresponding p-values, where the x-axis
represents the t-values of the regression of the construct-
ed pseudo-experimental group dummy variable on food
security, the y-axis represents density values, and the
curve is the kernel density distribution of the estimated-
coefficients. The red dots represent the p-values of the
estimated coefficients, the vertical dashed line represents
the real estimated value of the DID model (-0.171), and
the horizontal dashed line represents the significance level
of 0.1. From the graph, it is evident that the estimated co-
efficients are mostly concentrated around zero, with most
of the estimated values having p-values greater than 0.1
(not significant at the 10% level). This indicates that the
estimation results are unlikely to be obtained by chance
and are thus unlikely to be influenced by other policies or
random factors.

This placebo test provides robust evidence supporting
the validity of the original findings by demonstrating that
the observed effects on food security are indeed attrib-
utable to the impact of the war, rather than being driven
by other time-varying unobserved confounders. This
strengthens the argument that the war has had a significant
negative effect on food security in Ukraine, reinforcing
the need for targeted policy interventions and support to
address these challenges.

Score placebo test

0.4+

0.3

0.2

Distribution

0.1

0.04
40

T_value

Figure 5. Placebo test

5.3 Synthetic Control Method

To further validate the results of this study, we em-
ployed the Synthetic Control Method (SCM) proposed by
Abadie and Gardeazabal (2003) "' for the final robustness
check. Using the original sample of 141 sovereign coun-
tries and further selecting samples that did not experience
war from 2014 to 2022, we chose a set of control units
from countries that were not affected by war interven-
tion. Then, through a data-driven approach, weights were
assigned to these control units to construct a “synthetic
Ukraine.” This synthetic Ukraine’s pre-war characteristics
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are as similar as possible to the real Ukraine, but it did
not undergo the same policy changes during and after the
war. The graph shows the food security trend of synthetic
Ukraine compared to Ukraine, with the dashed line repre-
senting synthetic Ukraine closely following the trend of
Ukraine. However, after the outbreak of the war in 2022,
the food security of synthetic Ukraine declined, but not as
severely as in Ukraine. This method reduces errors from
subjective selection and effectively avoids endogeneity
issues in policy. It allows us to simulate the target entity
(i.e., Ukraine) before policy implementation through the
weighting of multiple control units. This not only clearly
reflects each control entity’s contribution to constructing
the “counterfactual” scenario but also avoids the problem
of excessive extrapolation.

4.2+

— Ukraine
——— synthetic Ukraine

score
IN

3.9

3.8

T T T T
2014 2016 2018 2020 2022
year

Figure 6. SCM

6. Conclusion

This study, using panel data from 2014 to 2022 years,
delves into the direct impact of the war in Ukraine on
local food security, revealing the causal relationship
between the war and Ukraine’s food security index. By
integrating the Propensity Score Matching (PSM) and Dif-
ference-in-Differences (DiD) estimation methods, along
with placebo tests and the synthetic control method for
robustness checks, this research offers a new perspective
on how war affects food security and proposes policy rec-
ommendations and response strategies for similar conflicts
that may occur in the future !'®’,

The findings indicate that the war in Ukraine has had
a significant negative impact on its food security, with a
significant decline in the food security index by 0.3. This
finding is not only statistically significant but also carries
important economic implications. The war has directly
destroyed agricultural production and infrastructure and
indirectly caused economic turmoil and social instability,
further weakening food security.

The methodological framework employed in this study
provides an effective tool for quantifying and analyzing
the impact of similar international conflicts on food secu-

Distributed under creative commons license 4.0

rity. With the PSM-DiD method, we were able to construct
a comparable control group, effectively reducing bias
from unobserved differences. Moreover, by conducting
parallel trend tests, placebo tests, and applying the syn-
thetic control method, the results of this study demonstrate
good robustness, adding credibility to our conclusions.

However, this study has limitations. First, it only cov-
ers the short-term impact of one year after the war. This
may limit the statistical power of the analysis and increase
the risk of Type II errors (false negatives). Secondly, due
to the limited time range of the data, this paper does not
provide an analysis of the long-term effects of the war on
Ukraine’s food security. Future research could explore this
area further for a more comprehensive understanding of
the long-term impacts of war.

Finally, this study emphasizes that mitigating the neg-
ative impacts of war on food security requires the col-
lective efforts of the international community, including
providing humanitarian aid, improving agricultural pro-
duction conditions, and enhancing international coopera-
tion. These efforts are crucial for securing food security in
war-torn regions and globally. We hope this research can
provide reference for understanding and responding to the
impacts of similar conflicts on food security in the future,
and promote the development of more effective policies
and strategies.
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