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Abstract: The article presents the results of empiricalaege which constitutes a case study focused orothte through
Poland as an alternative export channel for Ukaaigrain, developed under the conditions of thesRedkraine war.
It employs analytical methods and statistical dpson. By analyzing the volume, dynamics, struetiand geography
of the transit, the significance of this route imaashing Ukraine's export capabilities and ite i@$ a substitute for
traditional routes during periods of disruptiorassessed. It was established that almost exclysieeh and wheat are
transited (in a quantitative ratio of 2:1). Thelway crossings in Dorohusk, Medyka, and Hrubiesz® of key
importance, as rail transport dominates in landdpart, handling over 4/5 of the total mass ofgit&a goods. More than
half of the transited grain is transported by aaitl road in scattered European directions, andles$ythan half reaches
Polish Baltic ports, mainly Gdak (over 3/5) and Szczecin (almost 1/5). The degfesbntainerization exceeds 1/4.
Practically all container cargo reaches the terhim&daisk, while the port in Szczecin is the leader irkktéinsport.
The volume of Ukrainian grain transited throughapal is relatively small compared to Ukraine's ekpotential, and
intercontinental transport concerns only a tentlthef grain transited through Poland. It was coreduthat the route
through Poland primarily serves as a new expomiesifor Ukrainian grain to the European market amigt marginally
substitutes traditional routes.

1 Introduction capacity of transit routes [8], facilitating the
The war in Ukraine has significantly impacted g||obareconfigurat_ion pf existing logistics Iinks. withigloball _
agricultural markets, particularly the grain marfa}. Supply chains in pursuance of changing geopolitical
Ukraine exports large volumes of this commoditykég ~ conditions. o _ _
component in food and feed production), mainly totN Due to its proximity to Ukraine and relatively well
Africa and the Near and Far East countries. Accgrdo developed transport infrastructure, Poland hasrbecan
2021 data, just before the Russian invasion, Ukraias important transit country (second only to Romarfi)
among the leading producers of corn (42.11 milliof/krainian agricultural products [9]. Neverthelesisere
tonnes), barley (9.44 million tonnes), and whe&.18 remains a need for further modernization and exparcs
million tonnes), ranking 5th globally for corn abdrley transport and supporting infrastructure, especialljght
production and 6th for wheat [2]. of increasing goods flows in relations with Ukrajd@].
The war has reduced Ukraine’s agricultural producti The smoothness of transit is particularly hindetgdhe
capacity and limited its ability to agricultural quiucts ~ insufficient capacity of border crossings betweddmaine
export [3,4]. The blockade of Ukrainian Black Seatp and Poland [9,11]. Additional barriers to the depape_nt
disrupted the continuity of supply chains and ted sharp ©Of the transit route through Poland include theitéoh
rise in global food prices [5-7]. In response, raligive transport capacity of Polish railways and the ifisignt
export routes for Ukrainian agricultural producterev handling capacity of Polish seaports [12]. Desfitese
developed with the support of the European Uniod)(E limitations, Poland’s role as an intermediary eealthe
aiming to mitigate the negative impact of the Bl&da redirection of relatively large volumes of good®rir
port blockades on global food security. The EU'¥kraine to Western and Northern European countges,
"solidarity corridors" have partially offset thesdiption of Well as to non-European markets. However, the route
traditional export routes for Ukrainian grain; hawe through Poland, compared to the route via Ukraifimck
various logistical and infrastructural constrailisit their ~ Sea ports, involves a significantly longer landsegt and,
efficiency. EU initiatives aimed at expanding theafls-  given the geographic location of Ukraine’s tradiibgrain
European Transport Network have helped increase ttiBporters, often a much longer maritime segment.
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The aim of this study is to determine the role anthdicate that the transited volume amounted to fiflion
significance of the transit route for Ukrainianiaghtural tonnesin 2022 and 2.04 million tonnes in 202&dntrast,
products passing through Poland, based on an &alfys according to the latest data provided by the Food a
the volume, dynamics, structure, and geographyhef tAgriculture Organization of the United Nations [2he

transit. volume of exports to Poland in 2022 reached 2.7Homi
tonnes. In 2023, temporary deviations from the drad
2 Materials and methods liberalization measures introduced in June 202%véeh

This study utilized source data provided by theshol the EUand Ukraine [13] were in place. Notably, fudish
Ministry of Finance, extracted from the Newgovernment imposed controversial in terms of legali
Computerized Transit System (NCTS), which recorddnilateral import bans on certain Ukrainian agtictal
transit operations conducted within the EU tenjitofhe ~ Products, and at the EU level, regulations temjigrar
data cover the transit of five main types of grajorn, a”OWGd-Only. trans-lt thrOUgh member states locaiede
wheat, barley, rye, and oats) from Ukraine throRghand t0 Ukraine, including Poland. In 2022, when dutgefr
during the period from 1 January 2022 to 31 AuQ@g4 unrestricted tra_lde with Ukraine was possible thhmug
(2 years and 8 months, with just over 2.5 yeartnéal almost the entire second half of the year, the melwf
within the period of the war in Ukraine). grain imported by Poland was nearly four times grea

The research is empirica] and constitutes a Cm st than the volume transited. These data indicats¢hé& of
concerned with the route through Poland as annaitee  the load on the transport system, in particularkibeder
export channel for Ukrainian grain, focused on kegrossings between Ukraine and Poland, with indafdu
findings from the point of view of logistics, in pigular ~ flows of goods (imported and transited).

management of material flow and optimization ofisgort The domi_nant grain trans_ited through Poland was cor
processes. It employs analytical techniques artistital  (65.8%), which, together with wheat (32.4%), magte u
description methods: almost the entire volume of transit. Barley, thiectimost

. structural analysis — concerned with theSignificant grain, accounted for only 1.7% of thensited

commodity structure of transit (the share ofhass of grains. The share of other_grains wasgib@i
individual types of cereals in the mass O(belowp.l%). The structure of transited cereal$ypg is
transported grain) and the structure of transit b§hown in Figure 1.

type of transport (rail and road);

« spatial analysis — allows to determine the barley; 66 oats;3
importance of individual border crossings and .
seaports in handling transit, and the importance of
individual importing countries as target markets;

» temporal analysis — allows to recognize the
variability of the flow of goods in a monthly
breakdown, which was the basis for assessing the wheat; 1277
stability of transit flow;

» statistical analysis — was the starting point for
assessing the size, dynamics, structure, and maize (com); 2 593
geographical distribution of Ukrainian grain
transit through Poland.

=3

Diagrams and infographics were used to visualize th

information obtained as a result of processingsiierce  rig e 1 Structure of Ukrainian grain transited tgh Poland

material. from 1 January 2022 to 31 August 2024 (data incuiand
tonnes)
3 Results Source: Own study based on NCTS data providedésptish
Between 1 January 2022 and 31 August 2024, Poland Ministry of Finance.
served as a transit country for nearly 4 millionrtes of ) ) .
Ukrainian grain. The average annual volume of itavas The grain entered Poland through five border cngssi

therefore 1.5 million tonnes. Considering Ukrairexgort Dorohusk (rail and road crossing), Medyka (rail aoad
potential, this is a relatively small amount, giviat in  €rossing), Hrubieszéw (rail crossing), Hrebenneadro
2022 alone, despite the ongoing war, Ukraine erplort r0ssing), and Korczowa (road crossing). 82% ofjtfan

over 38.6 million tonnes of grain [2]. mass was transported by rail, while the remainBfg Was
The volume of Ukrainian grain transited througHransported by road.
Poland was significantly smaller than the volumeyiin Almost half of the total flow (49.3%) passed thrbug

exported from Ukraine to Poland. Data from NCT$he Dorohusk crossing (39.5% by rail and 9.8% adjo
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The Medyka crossing accounted for 27% of the ttangjrain mass, respectively. The importance of eactldro
(26.3% by rail and 0.7% by road), and the Hrubiesel crossing in the transit of Ukrainian grain is ilieged in
crossing contributed 16.1%. The road crossings E&fgure 2.

Hrebenne and Korczowa handled 4.2% and 3.4% of the

Hmbmzow —
(railway); 635 . Himbeme (road); -

Medyka (railway); o /’/

1037 " Korczowa (road);
other; 713 X =
Dorohusk (road);\
387
Dorohusk
(railway); 1 558

Medyka (road); 29

Figure 2 Significance of border crossings in thensit of Ukrainian grain through Poland from 1 Jamy 2022 to 31 August 2024
(data in a thousand tonnes)
Source: Own study based on NCTS data providedéiPttish Ministry of Finance.

The share of each transport mode in the transit of A total of 51.8% of the transited grain, amounting
Ukrainian grain through Polish territory was ideatito over 2.04 million tonnes, was distributed via larathsport
the share observed at the border crossings, with rto various European destinations. The remainin@%8.
transport handling 82% of the total grain mass ayadl  (just under 1.9 million tonnes) was shipped to $foBaltic
transport handling 18%. Although detailed recordSea ports, with Gdak receiving the largest share (30.7%),
tracking individual shipments were not availablag t followed by Szczecin (9.5%), Gdynia (3.3%}yinoujscie
consistent proportions in the types of transpoetiet both  (2.5%), and Kolobrzeg (2.1%). This distribution is
the border entry points and throughout the Poliahsit visualized in Figure 3.
route suggest that the same transport mode wasaimesid
across the entire land journey.

Gdynia (container .
terminal); 36 Swinoujscie; 100

Gdansk
(contamer / Gdynia; 94
Gdansk; 210

<

terminal);
1002

other; 861

bt Szczecin; 375
destinations; 2 044 Kolobrzeg; 82

Figure 3 The role of maritime transport in the estpaf Ukrainian grain transited through Poland aitd structure by ports and
transport methods from 1 January 2022 to 31 Aug024 (data in a thousand tonnes)
Source: Own study based on NCTS data providedéiPttish Ministry of Finance.

Considering that both the characteristics of thedgan favor mass transport, the degree of containerizatib
transit (homogeneity, high natural, technical, anttransport can be considered high. As much as 1ili6mm
economic transportability) and the very poorly dsiied tonnes of grain were transported by land — bothheo
type structure of the grain in transit (as showFigure 1) border crossings and through Polish territory — in
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containers, accounting for 27% of the total tratsigrain
mass.

Nearly all container shipments (1.04 million tonnes
97.6%) reached Polish seaports (as visualizedyuar€i3),
and then almost always the transport continuedséay in
containers. The container terminal in @Gsla dominated
container transport, handling over 1 million tonnafs

remaining 2.5% was distributed via land transporbss
various European destinations or loaded in varienish
seaports into the holds of bulk carriers.

Unlike land transport, maritime transport was
predominantly container-based. The share of cosrtiaied
transport in maritime operations was 54.7%, moeanth
double the share in land transport (27%). Meanwliie

Ukrainian grain, which represents 94.2% of the rgraikey role in the mass transport of Ukrainian graiasw
transited in containers. The container terminaGuolynia played by the port in Szczecin, with transshipment
received 3.3% of the containerized grain mass,enttié exceeding 375 thousand tonnes.

Vietnam; 28 Singapore; 26
United Arab ’
Emirates; 30 Philippines: 21

European Countries )
— Sea Transport; China;
V i 15
Non-European Countries;
. 453 e
Land T onesia;
2044
USA: 35
other; 1
Angola; 1

Figure 4 Geographic structure of exports of Ukraimigrains transited through Poland from 1 Janua®22 to 31 August 2024,
with emphasis on intercontinental exports (data ihousand tonnes)
Source: Own study based on NCTS data providedéiPttish Ministry of Finance.

In summary, the transit of Ukrainian grain through
tonnes out of the slightly more than 3.9 milliomtes of Poland predominantly supplies the EU internal miarke
transited grain (i.e., 88.5%) were destined fordpean with minimal engagement in long-haul exports to
countries, predominantly EU member states. Apannfr traditional markets in Africa, the Middle East, ahsia.
the EU member states, the United Kingdom was a
significant European recipient (over 115,000 tojnes From the point of view of ensuring the permeabitify
Intercontinental maritime transport accounted fostj the transport system, it is important how transpert
under 453,000 tonnes of grain, representing 23.8%eo0  distributed over time. According to Figure 5, folimg the
total grain volume that passed through Polish seapnd liberalization of trade relations between the EUd an
only 11.5% of the total mass of Ukrainian graimgiged Ukraine in June 2022, the monthly transit volunssgyed
through Poland. This means that the route leadirgugh from 50,000 to 261,000 tonnes. The peak volumerdexb
Poland primarily serves supplies to the EU intematket. in a single month is equivalent to the cargo lodd o
Its role as an alternative route for the export&fainian approximately 120 standard 600-meter-long freighins.
agricultural products to traditional sales markess This means that even if the entire volume was trared
marginal. exclusively by rail, handling the transit would pméquire
Among the non-European destinations, only Indonesé freight train sets per day. Given that the keydbp
received more than 100,000 tonnes (171,000 tonnesjossing for the transit of Ukrainian grain in Dousk has
While notable, this volume is small consideringhe capacity even for a dozen pairs of freightsalaily, it
Indonesia’s large population and the fact thatite spans becomes evident that the transit of Ukrainian grailaces
a period of over 2.5 years. The high degree d relatively low demand on the capacity of the $toli
containerization in maritime transport facilitadidpersed transport system.
deliveries, resulting in a wide range of smalleagmented In conclusion, while the transit volumes have shown
end recipients. significant variability, the absorption of thesevis by

Analysis of Figure 4 reveals that nearly 3.5 millio
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Poland’s rail and road networks does not appeatrton  bottlenecks are primarily at the border crossiiagisar than
the existing infrastructure excessively. Insteatle t throughout the broader transport system within fbla

300
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Figure 5 Monthly distribution of transit shipmemtsUkrainian grains through Poland from 1 Januai§22 to 31 August 2024

(data in a thousand tonnes)
Source: Own study based on NCTS data providedéiPttish Ministry of Finance.
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Figure 6 Schematic diagram of Ukrainian grain trérierough Poland (1 January 2022 — 31 August 2024)
Source: Own study based on NCTS data providedéiPttish Ministry of Finance.
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Figure 6 visually represents the key transit rodises grain crisis lies in the difficulty of supplyingaitional
Ukrainian grain passing through Poland during tiedysis  recipients of Ukrainian agricultural products dagrithe
period. The diagram consolidates significant detaidm war in Ukraine [23], i.e., insufficient supply. Thesue of
earlier considerations into a single graphic owmwiThe declining global food security due to the war inrélke,
thickness of the arrows is proportional to the mafsthe including the problem of the expanding geograptécape
transported grain, and the accompanying percentdges of hunger and malnutrition, draws attention from
indicate what proportion of the total mass of tiausgrain  researchers [24-27]. Another important aspect séaech
was transported via a given route. is food safety during wartime when the quality of

agricultural products declines [28,29].
4  Discussion

The directions and intensity of trade flows betweeh  Conclusions
countries are significantly influenced by geopodti The volume of Ukrainian grain transiting through
factors, as exemplified by the global reconfigunatof Poland (approx. 1.5 million tonnes per year) istreély
logistical links between countries following Russia small compared to Ukraine's export potential, whearen
invasion of Ukraine [14], including the shifts metstreams under wartime conditions, amounts to around 4Oianill
of grain exports from Ukraine [15]. The issue opesting tonnes annually. Almost exclusively, corn and whezat
Ukrainian agricultural products (mainly grains andransited (in a 2:1 ratio). Ukrainian grain decthrior
oilseeds) during the Russian-Ukrainian war is fesdly transit enters Poland via five border crossingsytu€h the
addressed in economic research, which focusesplarly  railway crossings in Dorohusk, Medyka, and Hrubbesz
on formulating recommendations useful for economiare of key importance. The transit of Ukrainiarigecross
policy and business practices — specifically, iatlig Polish territory is dominated by rail transport, igkh
actions that should be taken to increase the effagi of handles over four-fifths of the total mass of titatkgoods.
transit. This line of research concentrates ontifjégmg The same proportions apply to deliveries to border
bottlenecks in the transport system and optimizingrossings, indicating that there is no change éntyipe of
logistical processes [11,16-18]. Another reseaczius is transport used for transit across Poland. More Hadhof
the implications of exporting Ukrainian goods viathe transited grain is transported by rail and toadarious
alternative, roundabout routes, including the difiaation  dispersed European destinations. The remainingoport
of the increase in negative environmental exteiinali goes to five Polish Baltic ports, mainly to Gd& (just
associated with transport (due to the inability use under 65%) and Szczecin (almost 20%). Poland’ekirg
traditional export routes). The wuse of alternativgrain port, located in Gdynia, plays a minor ratethe
roundabout routes requires higher energy consumptidransit. Although grain is a bulk commodity, interdal
which not only leads to increased transportatisstdue transport, combining different transport modes ¢raail,
to higher fuel consumption but also results in gmea sea) using containers as the cargo unit, playgrafisant
emissions of pollutants [19]. role in its transit through Poland. More than artpraof

Studies examining changes in the volume of UkrainiaUkrainian grain is transited in containers. Almast
exports and their geographical structure focus orontainerized cargo goes to the terminal infS&along-
measuring the trade creation and trade diversifettsf distance maritime transport concerns a tenth ofgtiaén
[20]. In EU member states located near Ukraine, imudransited through Poland and is dominated by ttré ipo
attention is paid to establishing the economic eqnences Gdaisk (with a small share handled by the port in Gayni
of increased imports of agricultural products frokraine This means that the route through Poland primarily
(in periods when free trade between the EU and ib&ra serves as a new export channel for Ukrainian gratie
was possible) and transit leakage (in periods vitmports European market and only marginally substitutes
of some agricultural products were not allowed)eButhe traditional routes, supplying previous recipientbose
non-competitiveness of exports via roundabout mutéood security — unlike European countries — is kigh
through EU countries to traditional markets comgare sensitive to disruptions in the continuity at madely
exports to the EU, there was an influx of Ukrainiampriced supplies.
agricultural products into the EU internal markshich The development of the transit route through Poksd
led to a drastic drop in prices [10]. The resultingn alternative export route for Ukrainian grain elegls on
agricultural market crisis triggered farmer prasesthe various factors, including the military situationWkraine,
serious problems associated with this promptedrekers the availability of traditional routes, geopolitica
to measure the scale of the influx of Ukrainian@adtural  conditions, the extent of the EU’s involvement in
products and assess the impact of increased imparts developing solidarity corridors, the scope andristiy of
domestic agricultural markets [21]. This represeniscal cooperation between Ukraine and Poland, and pregmes
dimension of agricultural market turbulence, paractdly — investment and organizational improvements (inclgdn
caused by excessive supply [22] (resulting from thihe area of harmonizing trade procedures betweekth
liberalization of trade relations between the EUd anand Ukraine). Given the need to ensure a high lefel
Ukraine), while from a global perspective, the coféhe global food security, efforts should be made, irtipalar,
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Global South, rather than as a channel for exparisto AND MASYS, AJ. (ed.) The Great Power
the markets of wealthy European countries. Strongly Competition, Cham, Springer, Vol. 5, pp. 351-387,
increased export to the EU destabilizes local marke  2023. https://doi.org/10.1007/978-3-031-40451-1_17
which, in turn, prompts authorities to introduceliidnal  [8] European Commission: Commission to establish
financial aid measures for farmers. This resultsain Solidarity Lanes to help Ukraine export agricultura
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