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INTERNATIONAL GRAIN
SUPPLY CHAINS UNDER
MARTIAL ARTS

Nowadays Ukraine in all spheres has been
transformed due to the difficult conditions of
martial law, in which the country has been for a
long time. In particular, such changes concern
logistics, namely the destruction of the usual
international cargo supply chains. Logistics
companies were forced to quickly respond to
hybrid threats and develop new alternative
cargo supply chains, in particular grain, change
delivery routes using alternative modes of
transport and find new directions for managing
such chains. Given the above research, the issue
of the functioning of international supply chains
is relevant and timely and will help to identify
gaps in this issue.

The research is based on the hypothesis that
hostilities in  Ukraine have affected the
geography of exports and imports, including
products of the agro-industrial complex. The
methods of elementary theoretical analysis and
synthesis, deduction, economic and statistical
methods, in particular grouping and graphics,
were used, thanks to which the results of the
research are visually presented.

The challenges for grain cargo supply chains
under martial law are outlined and a list of tools
for overcoming these challenges is provided. An
analysis of adaptation to the challenges of
martial law was conducted; in particular, the
functioning of the "grain and Ukrainian corri-
dors" under current conditions was investigated.
The geography of grain exports was studied, a
list of main partners before martial law and in
war conditions was determined. The impact of
changes in the geography of grain exports on
world food security was determined.
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MIXHAPOIHI JIAHIIIOI'M
[IOCTAYAHHSA 3BEPHOBUX
BAHTAXIB B YMOBAX
BOEHHOI'O CTAHY

Cvocodenns Yxpainu mpancgopmosane uepes
BAJICKI YMOBU B0EHHO20 CMAHY, 8 AKOMY KpaiHa
nepebysae 6xce mpusanuil yac. 30kpema yi 3miHuU
NO08’A3aHI 3 PYUHYBAHHAM 36UYHUX MINHCHAPOOHUX
AaHYro2I8 NnocmadauHa eanmaicie. Jlozicmuyni
KOMNAHIT OyIu 3MyuieHi WeUuoKo peazyeamu Ha
2IOpUOHI 3a2po3u ma po3poonsmu HOGi albmepHa-
MUBHI IaHYI02U NOCMAYAHHS 36PHOBUX BAHINANCIB,
3MiHIO8AMU WTIAXU OOCMABKY, SUKOPUCIMOBYIOUU
anbmepHamueHi  6UOU  MPAHCHOPNLY, A MAKOIC
SHAXOOUMU HOGI HANPSAMU VAPAGNIHHA MAKUMU
Janyroeamu. Biomax ananiz ¢yyHKkyionyeanHs midic-
HAPOOHUX JIAHYIO2I8 NOCMAYAHHS € HAO38UHAUHO
AKMYQIbHUM | CBOEHYACHUM, OCKLIbKU 3A805KU YbO-
MY MOXNCHA 8UAGUMU npo2anuru 8 yitl cghepi. Hes-
yacHe GUPIULEHHS NPOOIEMU MOJiCe 3A2POXHCY8amu
npoo06onvYill besneyi bazamvox Kpain.

B ocnoey Oocnioscenns noxnadero zinomesy,
wo 60t06i Jii Ha mepumopii’ Yxpainu eniunyiu Ha
2eoepahiio excnopmy ma iMnopmy, 30Kpema npo-
OVKYII  azponpomuciiosoco Kommiekcy. Buxopuc-
MAaHO Memoou eleMeHMaPHO-MeoPemuyHo20 aHd-
3y ma cunmesy, 0eOQyKyil, @ MaKodic eKOHOMIKO-
Cmamucmuymi, 2pynyeanHs ma zpagiune npeo-
CMABTICHHS Pe3YIbMAmie O0CTIONHCEeHHS.

OKpecieHo 8UKTUKU 01 IAHYI02I8 NOCAYAHHS
BAHMADICIB 3EPHOBUX 8 YMOBAX BOEHHO20 CIMAHY MA
BU3HAYEHO NepeNiK IHCMPYMeHMI8 NOOONAHHA YUX
suxnukie. Ilposedeno ananiz aoanmayii 0o ymoe
BOEHHO20 CMAMY, 30KpemMa OOCTIONCEHO QyHKYio-
HyeanHs1 ""3epHo6020 ma ykpaincvko2o kopuoopis"y
HUHIWHIX ymosax. [locniodceno eeoepaghiio excnop-
MY 3ePHOBUX, HAOAHO NEPEIK OCHOBHUX NAPMHEPIE
00 BOEHHO20 CMAMY Ma 6 YMOBAX 6ilinu. Buznaueno
6NIUE 3MIHU 2e0epagdii eKCnopmy 3epHOBUX HA
npooosobyY Oe3nexy ceimy.
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As a result of the research, the author
concluded that given that the main supply chain
through the Black Sea was not fully used in
general, Ukraine has today retained its leading
position in grain exports and has even been able
to expand the geography of supplies.

Keywords: supply chains, grain cargo,
martial law, export.

Y pesymemami npogedenozo Oocnioxcenns
3P0O6NEHO BUCHOBOK, WO, NONPU 0OMedHCceHe BUKO-
PUCTAHHS OCHOBHOZ20 JAHYI02A NOCMAYAHHS Yepe3
Yopue mope, Yrpaina 36epezna ceoi nioupyioui
no3uyii 8 eKcnopmi 3epHOBUX | HasiMb 3MO21A
posuupumu 2eoepadis ROCmauaHs.

Knwouoei croea: naHUIOTH TOCTaYaHHS,
3epHOBI BaHTaXi, BOEHHUH CTaH, EKCIIOPT.

JEL Classification: F14, F40, Q17, R49.

Introduction

The devastating consequences of the russian federation’s aggression
against Ukraine are felt in all spheres of social and economic life. One of the
important aspects of this general situation is the destruction of international
cargo supply chains, which has become a threat to the food security not only
of Ukraine, but also of many countries for which Ukraine is one of the largest
grain exporters. Logistics companies were forced to quickly respond to
hybrid threats, develop new alternative cargo supply chains, in particular
grain, change delivery routes using alternative modes of transport, and also
look for new directions for managing such chains. Therefore, research into
the functioning of international cargo supply chains is extremely relevant.

A number of scientists have studied the problem of the formation and
functioning of supply chains under martial law. In particular, the logistics of
oilseed crops in Ukraine and the main directions of its improvement were
studied by Shiryaeva and Sokolov (2024), concluding that quick commercial
and logistical solutions are needed, as well as an operational response to the
constantly changing situation. Gusenko and Bomchak (2023) analyzed the
current state and dynamics of grain exports in Ukraine in the context of the
complexity of international logistics.

Scientists Sushchenko and Ilchenko (2023) identified the main
problems associated with the formation of supply chains during the war in
Ukraine and provided recommendations for minimizing risks in the logistics
industry. The authors proved that the adaptation of supply chains in martial
law occurs through a rethinking of business processes, for which it is
necessary to constantly study the processes of ordering and supplying goods.

Migai (2024) investigated the impact of war on macroeconomic
indicators of the functioning of the economy and assessed the mutual
influence of inflationary processes and logistics chains, providing a justi-
fication for the optimal directions of their organization in conditions of high
risk. Sopotsko (2022) analyzed the current state of food supply chains and
the impact of the war in Ukraine on logistics activities, providing some
recommendations for managing such chains.

Nechyporuk et al. (2022) investigated the throughput capacity of grain
exports by rail. In their work, the authors identified the problems of managing
agricultural supply chains and proposed ways to solve these problems in
conditions of war.
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Kryveshchenko et al. (2024) in their scientific article identified the
directions of optimizing logistics chains in the context of increasing global
crises and proved that optimizing supply chains in conditions of global crises
1s a complex process that requires the use of modern technologies.

Volokhova I. and Volokhov V. (2023) systematized the main challen-
ges and directions of work of the logistics front in his publication. The
authors identified the fuel crisis, the problem of military logistics, grain
transporttation, and border crossing points, bureaucratic apparatus, and the
lack of a development strategy as the main challenges of today. Scientists
proposed directions for solving these problems.

Luchnikova, Kovalenko and Sholom (2023) conducted a study of the
logistics processes of managing the supply chains of goods exports in Ukraine
under martial law and proposed the main directions of such management. The
authors proved that under the current crisis conditions of management, the
greatest losses were suffered by the export of goods, especially grain, which is
critical not only for the economy of Ukraine, but also for the well-being of the
whole world.

The research results of the full-scale russian invasion impact on the
world trade in oilseed crops are considered in the work (Soojung et al., 2023).
It was determined that the russian-ukrainian war significantly affects the
geography of grain exports, which has negative consequences for the
economies of a number of countries around the world.

The aim of the research is to identify the main challenges for cargo
supply chains under martial law and the impact of these challenges on
international grain cargo supply chains under these conditions.

Overcoming the challenges of martial law for the effective mana-
gement of international supply chains is impossible without a detailed ana-
lysis of the current state of grain exports, which emphasizes the relevance of
this research. It is based on the hypothesis that the hostilities in Ukraine have
affected the geography of exports and imports, including products of the
agro-industrial complex. Untimely resolution of this problem may pose a
threat to the food security of many countries.

The information basis of the research was the work of national and
foreign scientists, data from the State Statistics Service of Ukraine, the
Information and Analytical Agency "APK-Inform", the Ministry of Agrarian
Policy and Food of Ukraine, the International Trade Center, as well as the
results of research by the Center for Foreign Policy Studies.

During the analysis, the methods of elementary theoretical analysis
and synthesis, deduction, economic and statistical methods, in particular
grouping and graphics, were used, which made it possible to visually present
the results of the research.

The main part of the article consists of three sections: the first
considers the challenges for the grain export market in martial law conditions
and provides a list of tools for overcoming these challenges. The second is
devoted to the analysis of adaptation to these challenges, in particular the
functioning of the "grain and Ukrainian corridors" in modern conditions.
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The third section examines the geography of grain exports, identifies the
main partners before the start of hostilities, and also assesses the impact of
changes in the geography of grain exports on world food security.

1. Challenges for grain supply chains under martial law

The hostilities in Ukraine, which began in 2014 in the Donetsk and
Luhansk regions and later escalated into a full-scale invasion on February 24,
2022, forced logistics companies to quickly adapt to serious challenges in the
process of transporting and storing goods. This created the need for a rapid
response to difficult conditions that affected not only the logistics sector, but
also the economy as a whole (Telegin & Koval, 2023). In wartime, it is
impossible to plan long-term storage of goods (grain), since grain stocks can
be lost during an attack, and the deployment of a new storage facility takes
about three months. Logistic activities are significantly complicated by
checkpoints, numerous checks, and opaque movement rules during curfews.

The consequences of war for logistics companies include specific
challenges (Figure 1), which directly affect the change in the functioning of
logistics flows.

The consequences of war for supply chains
- 140 countries suffered losses from disrupted supply chains.
- 30-50% of companies stopped their activities.
- Steel, iron ore and grain supplies decreased.
- Mines in the Black Sea.
- Kyiv region lost more than 20% of its warehouses.
- Restrictions on the New Silk Road.
- Lack of electricity prevents the use of Ukrainian railways

Challenges of martial law Changes in logistics flows
Necessary: - Orientation to Europe.

- development of railway infrastructure and - Poland — a hub for reconstruction.

transshipment terminals; - New routes, new carriers: Turkey,

- adaptation of wagons and lines to European Kazakhstan.

dimensions; - Uncertain fate of the New Silk

- construction of warehouses; Road.

- -laying of new logistics routes; =y | - Use of Polish ports and LHS

- -improvement of border capacity; railway.

- -restoration of sea transportation. - Warehouses in eastern Poland.
Lack of electricity supply prevents the use of - Ban on entry to russia (transportation
Ukrainian. via belarus)

Lack and search for the necessary qualified
workers

Tools for overcoming the challenges of martial law
- Effective resource management.
- Modern technologies in the transport and logistics industry, which should ensure the collection
and use of data to support cooperation in the work of enterprises.
- Digitalization of logistics processes and warehouse management.
- Maximum use of existing potential.
- Readiness for new challenges.

Figure 1. The biggest challenges for grain supply chains under martial law
Source: compiled by the author according to (CargoON, 2024).
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To overcome the current complex challenges in logistics processes, it
is necessary to coordinate all parts of their management, supported by the use
of innovative IT systems that facilitate control and allow for further
optimization.

2. Functioning of the "grain and Ukrainian corridors" in the
context of war

Export routes, including grain cargo, developed over decades and
provided the Ukrainian economy with significant foreign exchange earnings.
Products of the agro-industrial complex were exported to various countries
and the world. The russian-ukrainian war significantly disrupted export
routes. In 2022, the ports of Berdyansk, Mariupol, Mykolaiv, Skadovsk and
Kherson were under the full control of the invaders, which paralyzed the
work of the ports of Great Odessa and Dunayske. Disruptions in the export
of grain cargo caused a significant shortage of basic food products in the
countries of Africa and Asia. The difficult task of transporting grain cargo
stored in warehouses exacerbated the global food crisis. There was an urgent
need to create alternative logistics routes.

International institutions and heads of state joined the global problem,
which russia had joined by then (Sira & Filippova, 2024, April 24). The
problem was partially resolved by signing the so-called "grain agreement" or
the Black Sea Grain Initiative, the main goal of which was to unblock three
ports (Odessa, Chornomorsky, and Yuzhny) for the export of grain and other
products of the agro-industrial complex. The agreement (the so-called Black
Sea Grain Initiative) was signed on July 22, 2022 in Istanbul by the Minister
of Infrastructure of Ukraine O. Kubrakov and the Minister of Defense of
Russia S. Shoigu, with the UN and Turkey acting as guarantors. The first ship
with Ukrainian grain was sent from the port in Odesa on August 1
(Luchnikova, Tarnovska & Vorobyov, 2023).

Grain corridors have become an important tool for restoring food
supplies. Despite martial law, constant shelling, significant destruction of
transport infrastructure, and the blocking of the "grain corridor" by russia,
Ukraine has remained the largest supplier of agricultural products. Thus,
during the period of operation of the "grain corridor" from Ukraine, about
32.9 million tons of grain cargo and oil were exported, 1004 ships left
Ukrainian ports with grain in difficult conditions to 45 countries of the world.

Therefore, grain corridors in wartime have become not only a matter
of economic stability for Ukraine, but also an important element for ensuring
food security throughout the world. The main grain cargoes that were
supplied through this corridor are shown in Figure 2.
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Figure 2. Export commodity structure of agricultural products by the "grain
corridor" for the period of its operation in 2022—-2023, thousand tons

Source: compiled by the author based on data from (APK-Inform, n. d.).

During the operation of the "grain corridor" (Figure 2), the export
nomenclature was dominated by corn (51.8%), wheat (27.1%), and oil
(5.3%). The main importing countries within the framework of the Black Sea
Grain Initiative in 2022-2023 were China — 24.2%, Spain — 18.2%, Turkey —
9.9%, Italy — 6.3%, the Netherlands — 6%, Egypt —4.7%, Bangladesh — 3.2%,
and other countries — 27.5% (Bobrovytskyi et al., 2024).

The operation of the "grain corridor" ceased on July 16, 2023, with the
termination of the agreement by russia, so the work of the Black Sea Grain
Initiative was blocked again.

To unblock ships that were stuck in Ukrainian ports on their way to
Africa and Asia and resume the export of Ukrainian goods in August 2023,
Ukraine proposed opening a so-called humanitarian corridor without
Russia’s participation. The temporary route, called the "Ukrainian Corridor",
began operating on August 8, 2023, with the evacuation of blocked ships. As
of November 20, 2024, 3,118 ships had passed through the "Ukrainian
Corridor", and 83.5 million tons of cargo had been delivered from Ukrainian
ports to 46 countries around the world, of which 55.6 million tons were grain.

Unlike the "grain corridor", the "Ukrainian Sea Corridor" provides not
only agricultural products, so Ukraine has the opportunity to independently
control exports (Ministry of Community and Territorial Development of
Ukraine, 2024, August 16). Despite the difficult conditions of martial law
and constant shelling of critical infrastructure, according to the results of
2023, Ukraine retained its leading positions in the world export of certain
agricultural and food products (7able 1).
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Table 1
The place of Ukraine in the world ranking of exporters in 2023

Commodity item Position

Sunflower oil 1

Rapeseed

Sorghum
Walnuts

Corn

Sunflower

Barley

Rapeseed oil

Soybean
Wheat

Soybean oil

Poultry meat

N=X EEN I BEN B e N B N e N BNV T BV B N SN S -

Butter

—_
o

Soybean meal

Sugar 21

Source: compiled by the author based on data from the Ministry of Agrarian Policy and
Food of Ukraine (n. d.).

It was possible to maintain such high positions in the world ranking of
exporters thanks to the successful functioning of the "grain" and later the
"Ukrainian" corridors, which became important for ensuring the functioning
of international grain supply chains in the difficult conditions of martial law.

3. Countries — partners of Ukraine in grain exports

After the full-scale invasion, the geographical structure of agricultural
exports changed (Figure 3).

m2023 others
@2021 Africa
China
CIS

EU countries ST%
Turkey
Asia (excluding China and Turkey)

0 10 20 30 40 50 60

Figure 3. Geographical structure of agricultural exports from Ukraine
in 2021 and 2023, %

Source: compiled by the author based on data from the International Trade Center
(International Trade Center, n. d.).
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As we can see from Figure 3, in 2023, the largest market for Ukrainian
agricultural products, including grains, became the European Union, the
share of which increased significantly compared to 2021. Such changes led
primarily to the war-related destruction of the usual supply chains for these
products. The market for Ukrainian food products to the EU includes
countries such as Romania, Spain, the Netherlands, Italy, Germany, and
Hungary. China remained the second place in 2023, although with a slightly
smaller share in the total volume. The top three countries in recent years have
invariably included Asian countries (excluding China and Turkey), although
the share of exports to these countries in 2023 decreased by 18% compared
to 2021 (Bobrovytskyi et al., 2024).

A more detailed geography of grain exports in 2023 compared to pre-
war 2021 is presented in Table 2.

Table 2

Export dynamics of grains (grain processing products) from Ukraine
to major markets in 2021, 2023, billion USD

Products Period Total amount Main markets/volume
2021 6.4 India/1.9 EU/1.9 China/0.9
Sunflower oil
2023 5.0 EU/1 Turkey/0.8 China/0.5
2021 5.9 China/1.9 EU/1.8 Egypt/0.5
Corn
2023 5 EU/2.9 China/l.1 Egypt/0.5
2021 5.1 Egypt 0.9 Indonesia /0.7 Turkey/0.4
Wheat
2023 2.9 EU/L.5 Turkey/0.4 Egypt/0.2
2021 1.7 EU/L1 Pakistan/0.2 Grea/toBzr itain
Rapeseed
2023 12 EU/L1 Turkey/0.02 Great Britain
/0.02
2021 13 China/0.7 Turkey/0.2 Sa“d/lOAlrabla
Barley '
2023 0.4 EU/0.2 Turkey/0.08 China/0.07
2021 1.2 China/0.6 EU/0.3 belarus /0.1
Sunflower cake
(meal)
2023 0.9 EU/0.4 China/0.3 Turkey/0.04
2021 27.7 EU/7.7 China/4.3 India/2
Total
2023 22 EU/12.5 China/2.2 Turkey/2

Source: compiled by the author based on data from (International Trade Center, n. d.).
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Thus, in 2023, Ukraine exported only 21% less agro-industrial pro-
ducts than in 2021, which was a record year. In 2023, the largest share of
exports was accounted for by grain crops (38%), fats and oils, prepared edible
fats, waxes (26%), and seeds and fruits of oil plants (13%) (International
Trade Center, n. d.).

Russia’s full-scale invasion of Ukraine has finally changed the geog-
raphical structure of exports by individual commodity items, in particular
Ukrainian grain. The disruption of certain shipping routes has led to the fact
that Ukrainian wheat exports are now more directed to the EU and less to
Asian and African countries (Figure 4).

others

Africa G 22 %
39 %
| 37 %
Asia =] 39%
| ||I||I||||||I|||I||||||I||II 58 %
51 %
EU countries
60 70

82023 32022 m2021

Figure 4. Geography of Ukrainian wheat exports by world regions
in 2021-2023, %

Source: compiled by the author based on data from (International Trade Center, n. d.).

According to Figure 4, the share of exports to the EU has increased
significantly since 2021, which is explained primarily by the impossibility of
transporting cargo by the usual, well-established supply chains in wartime.
At the same time, African countries experienced a significant decrease in
wheat exports, although before the full-scale invasion of the russian
federation into the territory of Ukraine, many countries in Asia and Africa
counted on the import of Ukrainian wheat (Bobrovytskyi et al., 2024).

Assessing the importance of Ukrainian grain exports to a large number
of developing countries, in particular in Asia and Africa, it should also be
taken into account that, by ensuring the supply of raw materials and food
products for production to these countries, Ukraine reduces their dependence
on russia and stabilizes world prices. For Ukraine, maintaining its export
potential at a high level makes it possible to receive additional budget
revenues, supporting the national economy in wartime.
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Conclusions

After russia’s full-scale invasion of Ukraine, national logistics
companies faced challenges that negatively affected the functioning of
international cargo supply chains, including grain. Therefore, the primary
task was to establish international food supply chains. russia’s blockade of
Ukrainian ports, constant shelling, and massive destruction of port
infrastructure made it impossible to export grain and other cargo, which
became one of the biggest challenges of the war. This situation threatened
global food security, as Ukraine is one of its guarantors. Accordingly, the
urgent problem of forming new alternative supply chains arose. Therefore,
the research confirmed the hypothesis that the hostilities in Ukraine affected
the geography of exports and imports, in particular products of the agro-
industrial complex. Thus, the export share to the EU after the full-scale
invasion of Ukraine by the russian federation significantly increased, which
i1s explained primarily by the impossibility of transporting cargo using
familiar, well-established supply chains in wartime. At the same time,
African countries experienced a significant decrease in wheat exports,
although until February 24, 2022, many Asian and African countries were
counting on importing Ukrainian wheat.

The rapid response of the authorities within international allies, the
successful actions of the Armed Forces of Ukraine, the Security Service of
Ukraine and the State Security Service in the Black Sea made it possible to
successfully exist first the "grain corridor", and then the "Ukrainian corridor"
and other equally important projects. Thus, despite the fact that the main
supply chain through the Black Sea was not fully used, Ukraine retained its
leading position in grain exports and was even able to expand the geography
of supplies. In the future, the main means of overcoming the challenges of
martial law and effective management of grain logistics should also include
productive resource management; the use of modern technologies in the
transport and logistics industry; increased digitalization of logistics processes
and warehouse management; readiness for new challenges, etc. Prospects for
further scientific research include the development of a mechanism for
managing international grain supply chains under martial law.
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