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Abstract

The article examines the transformation of logistics channels and the fore-
casting of exports of grain and oilseed crops through Ukraine’s seaports under
the conditions of the full-scale military invasion by the Russian Federation. The
strategic importance of seaports as a key element of the logistics chain ensuring
global food security is substantiated. It is established that the creation of the
Ukrainian maritime corridor, despite continuous large-scale attacks on grain ter-
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minals and port infrastructure, has made it possible to transport more than 138
million tons of cargo to various countries around the world.

The results of the study reveal the presence of a four-year cycle in the dy-
namics of grain transshipment in Ukrainian seaports and confirm a pronounced
seasonal inertia of the process. Forecast calculations indicate a possible decline
in transshipment volumes in 2025—-2026, followed by a recovery in 2027-2028 to
a level close to the indicators of 2024. The obtained results also demonstrate sig-
nificant variability in development scenarios, which is associated with a high level
of military, infrastructural, and market risks. The practical significance of the re-
search lies in forming an analytical basis for strategic planning of port infrastruc-
ture development and improving the mechanisms of export logistics of Ukrainian
agricultural products under conditions of wartime and post-war economic trans-
formation.
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Problem Statement

The full-scale military invasion of the russian federation into the territory of
Ukraine caused a number of problems with the logistics channels used for export-
ing grain and oilseed crops from Ukraine to different countries of the world. A
special place among the logistics channels for exporting grain and oilseeds is oc-
cupied by the export of agricultural products through seaports, which have always
been and remain the main logistics channel for agricultural exports in Ukraine.
Significant difficulties in the transshipment of grain and oilseed products arose
with the beginning of the full-scale invasion of russian troops into Ukraine in 2022.
During this period, the operation of seaports was almost completely blocked until
the opening of the “Grain Corridor” in August 2022, initiated by the United Nations
and Turkiye. Despite the relatively short period of operation of the Grain Corridor
— from 1 August 2022 to 22 July 2023 — a significant volume of grain cargo was
transported through Ukrainian seaports, namely 32.8 million tonnes of grain and
oilseed products. Importantly, during the existence of the Grain Corridor, 1,002
foreign vessels were able to enter Ukrainian seaports and deliver agricultural
products to 52 countries worldwide, including countries in Africa and Asia, con-
tributing to global food security. Owing to the Grain Corridor, 54% of Ukraine’s to-
tal grain exports, 27% of vegetable oils, and 38% of meal were transported, which
contributed to foreign currency revenues for the Ukrainian economy (Centre for
Transport Strategies, 2023).

The Grain Corridor was officially launched on 1 August 2022, but eleven
months later the russian federation began attacking foreign vessels. On 22 July
2023, the russian Federation officially announced its withdrawal from the Grain
Corridor agreement. As an alternative, the Ukrainian Maritime Corridor was estab-
lished on 10 August 2023, through which 138 million tonnes of grain cargo were
exported over the following two years. It should be noted that as a result of in-
tense russian missile and artillery attacks, 442 port infrastructure facilities were
partially destroyed or damaged, 38 vessels were affected, and 138 people in-
volved in port operations were killed or injured (Ministry for Communities and Ter-
ritories Development of Ukraine, 2025).

At the same time, the creation of the Ukrainian Maritime Corridor contrib-
uted to the formation of export flows of grain and oilseed crops, enabling the
transportation of export cargo totalling 140.3 million tonnes between August 2023
and December 2025 (Ukrainian Grain Association, 2025).

The aim of the study is to identify patterns in the dynamics of grain and
oilseed exports through Ukrainian seaports under wartime conditions and to fore-
cast the volumes of their transshipment using Fourier spectral analysis and
ARIMA modeling in order to determine possible scenarios for the development of
export logistics in the medium term.
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Literature Review

An important task is to identify studies on forecasting the export of grain
and oilseed products through Ukrainian ports under martial law conditions. Most
of the previously functioning seaports in Ukraine have been occupied by the Rus-
sian aggressor and consequently blocked following the full-scale invasion of the
Russian Federation into the territory of Ukraine. In this context, the issue of de-
veloping appropriate economic mechanisms to expand and increase grain exports
by agricultural traders through the currently operating Ukrainian seaports be-
comes particularly relevant. This also involves optimizing their throughput capac-
ity to meet market demand for the declared volumes of grain cargo.

In the pre-war period, Ukrainian scholars produced a substantial body of
research addressing the export of grain and oilseed crops in Ukraine and their
transshipment through seaports. A considerable number of scientific works have
also been published by foreign researchers focusing on the main trends in grain
cargo exports through seaports to various countries around the world.

For countries engaged in international trade, cargo exports are largely car-
ried out by sea, which means that seaports constitute the key link in the logistics
chain, ensuring the rapid and efficient delivery of grain and oilseed products over
long distances (Stukalo et al., 2021). Well-established logistics transportation sys-
tems enhance the efficiency of international trade and provide competitive advan-
tages for each country participating in this logistics process.

An important factor for any country engaged in the export and import of
cargo is the adequacy of its core storage capacities, particularly grain terminals,
through which grain cargo is received, stored, and processed.

Analysing the pre-war publications of Ukrainian scholars, it is worth high-
lighting the study by Kishchak & Porudieieva (2018), in which the authors argue
that the competitiveness of Ukrainian ports should be based on optimizing the
throughput capacity of seaports in Ukraine. The researchers also propose estab-
lishing transport and logistics centres within seaports, as well as improving the ra-
tional organization of labour, which in turn would contribute to increased labour
productivity and enhanced competitiveness.

Rusnak et al. (2021) identify a number of key factors influencing the com-
petitiveness of seaport development in Ukraine. The scholars propose competi-
tive strategies for the effective functioning of seaports and advocate for their tran-
sition toward an innovation-intensive development path.

Particular attention should be paid to studies focusing on grain cargo ex-
ports through seaports. For instance, Goedhals-Gerber (2016) applies the Box—
Jenkins methodology using the ARIMA autoregressive moving average model to
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forecast the throughput capacity of grain terminals at the Port of Cape Town for
grain imports. The results of the study indicate that even with an increase in grain
imports, the port throughput level would not exceed the current capacity of the
grain terminal.

Jeong et al. (2024) conducted a study identifying 12 barriers that contribute
to reducing idle time at grain terminals. Based on a survey conducted among
grain terminal employees, it was found that the primary factor is the shipper’s in-
ventory requirements, the second factor is the capacity of storage facilities, and
the third factor is the workload of port terminals.

Bernal et al. (2025), while assessing the competitive positions of grain ter-
minals on the western coast of South Korea, applied the Herfindahl-Hirschman
Index (HHI) and the BCG matrix to evaluate relative market share. Their findings
indicate that not all grain terminals in the region are used efficiently. Conse-
quently, the study is important for government decision-making, as it suggests
that instead of constructing new grain terminals, existing facilities should be mod-
ernized and utilized more effectively.

Munim et al. (2023) applied four of the most commonly used time-series
forecasting methods, including ARIMA, SARIMA, and HWES. The results showed
that the SARIMA model produced the best results for the Port of Nagoya, while
the HWES method performed better for the ports of Shanghai and Busan. The
findings indicate that forecast data can serve as an approximate guideline for ad-
justing seaport management, particularly for making important decisions that as-
sist port administrations in implementing effective management practices.

At the same time, it should be noted that significant attention from scholars
has been directed toward studying the negative impacts and consequences ex-
perienced by European and African countries as a result of the full-scale war in
Ukraine, particularly regarding food security issues in developing countries
caused by the blockade of seaports by Russian military forces and continuous
missile attacks.

The research by Rose et al. (2023) deserves attention, as it examines the
consequences arising from disruptions in grain exports caused by the Russian
military invasion of Ukraine. Based on modeling results, the researchers con-
cluded that Ukraine will experience the greatest impact in the future, when its real
GDP may decrease by approximately USD 859 million due to reduced exports.

Another important contribution comes from a group of scholars from the
United Kingdom, France, and Spain (Jagtap et al., 2022), who studied the impact
of the Russia—Ukraine war on global food supply chains. In their research, the
PRISMA approach was applied to analyse food supply chains. The results indi-
cate that African and Asian countries are the most affected, and the most viable
solution is the search for alternative trade partners in the Middle East, Australia,
and North and South America.
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Investigating the export potential of agricultural crops during wartime,
Ukrainian scholars Mulyk & Mulyk (2022) identified the main factors influencing
export formation and outlined several difficulties and challenges facing agricultural
exports under wartime conditions.

Feng et al. (2023) conducted research using a structural equilibrium model
and concluded that the consequences of the full-scale war will have a significant
global impact. According to their estimates, the war could lead to food shortages
affecting 276 million people, as well as food price increases ranging from 10% to
30%, which would ultimately reduce global welfare levels. At the same time, the
authors note that if major grain-producing countries increased their production,
many of these problems could be mitigated.

Yanovska et al. (2025), studying the logistics of grain exports from Ukraine
during the war, emphasize the problems caused by the blockade of seaports.
Based on survey research, they concluded that the main challenges for grain ex-
ports during wartime were the lack of preparedness of alternative logistics export
channels and significant problems in the development of railway infrastructure in
Ukraine.

Karakas et al. (2024) examined the disruption of maritime supply chains
during the full-scale Russia—Ukraine war. Within the framework of the UN Grain
Initiative, the establishment of the Grain Corridor contributed to restoring grain
shipments. Based on their calculations, the authors conclude that vessel size
plays an important role in the transportation of bulk grain cargo.

The invasion of russian troops into Ukraine led to the blockade of seaports,
which in turn contributed to the emergence of food supply problems in African
countries, where grain and oilseed seeds, as well as processed agricultural prod-
ucts from Ukraine, were expected to be delivered. As demonstrated by Goyal &
Steinbach (2023), even the establishment of the Black Sea Grain Initiative did not
lead to a reduction in global grain futures prices; on the contrary, it contributed to
their increase by 16%.

Caramuta et al. (2023) highlight the negative consequences for the global
economy resulting from the russian invasion of Ukraine, which caused significant
logistics disruptions, including the breakdown of traditional supply chains for raw
semi-finished materials delivered to ltalian enterprises.

Analyzing the negative impact of the war on the grain market, Devadoss &
Ridley (2024) used a spatial equilibrium model to assess the consequences of the
russia—Ukraine war for global wheat prices, production, and consumption. Their
calculations show that due to the military aggression, wheat prices increase by
about 2% in each country, while in Ukraine the price of wheat decreased by 27%
compared to the global price.

Bodnar et al. (2024) emphasize that under wartime conditions there is a
need to develop marketing strategies for grain and oilseed trade in Ukraine aimed
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at ensuring the efficiency of export logistics activities of domestic agricultural pro-
ducers.

Cheremisina et al. (2025) focused their research on identifying the main
problems of grain market exports and measuring price imbalances in the grain
market. Their objective was to compare global grain prices with domestic prices.
During the war, corn and wheat prices decreased by 22.7% and 28.2% respec-
tively in Ukraine. The modeling results show that before the war, a USD 1 in-
crease in the global wheat price led to a USD 0.71 increase in domestic prices in
Ukraine. In contrast, after the war, a USD 1 increase in the global price would
lead to only a USD 0.19 increase in domestic prices. Thus, significant disparities
between global and domestic grain prices are observed during the wartime period
compared to the pre-war period.

Bezpartochnyi & Britchenko (2022) argue that agricultural producers need
diversification of logistics channels for grain and oilseed exports, as well as
strategies to support export logistics under wartime risks, in order to ensure food
security for third countries.

Kakabadze (2023), examining the role and importance of the Black Sea
Grain Initiative, concludes that its creation and functioning helped address several
humanitarian problems, particularly the provision of food to African countries. Ac-
cording to the researcher, the initiative became one of the successful measures
that enabled the restoration of food supply chains to Africa.

As noted by Ay & Séylemez (2023), Tirkiye played an important role in the
creation of the Black Sea Grain Initiative, pursuing a “balanced” strategy while
providing Ukraine with logistical, military, and diplomatic support. The authors ar-
gue that the initiative was also beneficial for Turkiye, as it strengthened its ties
with Middle Eastern and African countries and ensured access to essential agri-
cultural imports.

Ihle et al. (2022) argue that the Russian military invasion of Ukraine in-
creased the synchronization of global food prices and heightened price uncer-
tainty in commodity markets. The authors conclude that the war disrupted all links
in agri-food supply chains, which on the one hand caused significant food price
volatility and, on the other hand, limited consumers’ access to alternative food
products.

Martins (2024) highlights the positive aspects of the Black Sea Grain Initia-
tive, noting that it contributed to the stabilization of the global grain market, as the
departure of grain vessels significantly reduced prices. At the same time, the pro-
longed period of hostilities in Ukraine creates problems for farm enterprises in-
volved in grain cultivation, as massive attacks by Russian forces destroy business
assets and complicate grain transportation.

Mottaleb et al. (2022) demonstrate that if Ukraine’s wheat exports decrease
by 50%, global prices could increase by 15%, while consumption could decline by
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8%. The authors recommend expanding wheat cultivation areas in African coun-
tries to strengthen regional food security.

In other scientific publications, researchers (lvashkiv et al., 2021; legorov et
al., 2021; Ivashkiv et al., 2019; Shelenko et al., 2023; Karbivska et al., 2024;
Shpykuliak et al., 2025; Maksymova et al., 2024) analyse the development and
activities of agricultural enterprises engaged in crop production, examining the ex-
isting problems and prospects for the development of the agricultural sector in
Ukraine.

The analysis of scientific studies by Ukrainian and foreign economists on
this topic made it possible to develop practical recommendations for forming
mechanisms for adapting the agricultural sector across all links of the logistics
chain under wartime conditions, with prospects for post-war recovery and recon-
struction.

Methodology

In the course of the study, the method of spectral analysis based on Fourier
series was applied to identify periodic patterns in the dynamics of economic indi-
cators. This approach makes it possible to represent a complex time series as the
sum of harmonic components with different frequencies and amplitudes, which al-
lows the identification of hidden cycles, trends, and seasonal fluctuations.

For a continuous function f(x), that is periodic with period 2, the Fourier
series expansion has the following form:

f(x) :%0+i[an cos(nx)+ b, sin(nx)l (1)

n=1

where the coefficients a, and b, are calculated according to the formulas:
:—j x)cos(nx)dx, b, _—J' x)sin(nx)dx,  (2)

The Discrete Fourier Transform (DFT) was used to analyse economic data
presented as a discrete time series (e.g., quarterly or annual values of profit,
yield, expenditure levels, etc.):

N-1
X :an'e_Mkn/N’ k=0,1.. N-1, (3)

n=0
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where:

X, — input series value,
N — number of observations,
Xy — spectral component.

In practice, the calculations are performed using the Fast Fourier Trans-
form (FFT) algorithm. The interpretation of the analysis results is carried out by
constructing an amplitude spectrum, which reflects the contribution of each har-
monic component to the overall structure of the time series. The identification of
dominant frequencies makes it possible to draw conclusions regarding the pres-
ence of seasonal or cyclical processes. For the purpose of visualization and vali-
dation of the analysis results, time-series graphs, spectral diagrams, and signal
reconstruction based on a limited number of principal harmonics were used.

To model the dynamics of the time series, the ARIMA (Autoregressive Inte-
grated Moving Average) approach was applied, which allows for accounting for
the internal temporal dependence of the indicator, as well as trend and seasonal
components. The methodology includes a preliminary analysis of the time series
in order to identify trend and seasonality, testing for stationarity, and, if necessary,
eliminating non-stationarity through differencing. Subsequently, the optimal model
structure was identified based on autocorrelation analysis and information criteria.
After estimating the parameters, the adequacy of the model was verified through
residual analysis. At the final stage, a forecast was generated and confidence in-
tervals were determined. Such an approach ensures statistically grounded model-
ing of seasonal dynamics and short-term forecasting of the studied indicator.

Research Results

To assess the efficiency of Ukraine’s agricultural export sector, we con-
ducted a forecast of the time series of grain transshipment in Ukrainian ports
based on the extrapolation of data for 2005—-2024 for the subsequent four-year
period (2025—-2028). This time series also includes the period of the beginning of
the Russian military aggression, namely 2022—2024.

The information base of the study consists of statistical data from the
Ukrainian Grain Association, obtained from the Ministry of Agrarian Policy and
Food of Ukraine. It should be noted that exports, after a significant decline in
2022, increased substantially in 2023—-2024, which made it possible to reach a re-
cord level in 2024 for the entire observation period. Undoubtedly, these trends in-
fluenced the structure of the time series and, accordingly, the forecast results.
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At the first stage of the analysis, our objective was to identify clearly ex-
pressed frequencies (cycles) within this time series. This can be achieved using
the Fourier analysis method. The results of the spectral analysis of the dynamics
of grain transportation (including oilseed crops) in Ukrainian ports for the period
2005-2024 are presented in Figure 1.

Figure 1

Dynamics of grain and oilseed transshipment through ports, 2005-2024

Spectral analysis: Grain transshipment in Ukrainian ports
No. of cases: 20
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Source: compiled by the authors based on statistical data from the Ukrainian Grain Asso-
ciation (2025).

As shown in Figure 2, the most prominent frequency in the time series is
four years. This indicates a hidden cycle with a duration of approximately four
years. Consequently, given this specific feature of the time series, it was decided
to perform forecasting for this exact period — namely 4 years, covering 2025—
2028. For this purpose, the Autoregressive Moving Average function was used.
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Figure 2

Dynamics of forecasted export data for seeds, grain, and oilseed products
in Ukrainian ports for the period 2005-2028.

Forecasts; Model:(0,0,0)(1,0,0) Seasonal lag: 4
Input: Grain transshipment in Ukrainian ports
Start of origin: 1 End of origin: 20
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Source: compiled by the authors based on statistical data from the Ukrainian Grain Asso-
ciation (2025).

At the same time, the software product we used (Statistica 12.0) allows us
to carry out the most probable forecast, as well as two additional forecasts that
cover positive and negative trends with a 90% probability.

The results obtained are presented in Table 1. They indicate that the nature
of the previous data provides grounds to predict that in 2025, according to the
most probable scenario, the volume of grain transshipment will be 49.5 million
tons, which is significantly less than in 2024 (60.3 million tons). However, they
may decrease even further in 2026 to 28.8 million tons. From our point of view,
this is a low level of grain transshipment, but it is entirely possible, as this exact
volume of grain transshipment occurred in 2022.
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Table 1
Forecasted grain transshipment data in Ukraine for 2025-2028

Forecast; Model: (0,0,0)(1,0,0) Seasonal lag: 4 (Forecast)
Input: Grain transshipment in Ukrainian ports
Start of origin: 1 End of origin: 20
Lower Upper

CaseNo. Forecast 90.0000% 90.0000% Std.Err.
21 49.49841 27.87962 71.11720 12.50268
22 28.79908 7.18028 50.41787 12.50268
23 45.49854 23.87974 67.11733 12.50268
24 60.29806 38.67927 81.91686 12.50268

Source: compiled by the authors.

In this case, this scenario unfolded due to the intensification of enemy at-
tacks on port infrastructure. In 2027, the volume of grain transshipment is pro-
jected at 45.5 million tons. At the same time, in 2028, it is expected to reach 60.3
million tons, returning to the 2024 level. Under the optimistic scenario, the trans-
shipment volume would amount to 81.9 million tons, while under the pessimistic
scenario, it would be 38.7 million tons.

Thus, we observe significantly different scenarios for the possible course of
events. Which one is more likely will be determined by the 2025 results once the
initial data are officially released.

To study the short-term dynamics of monthly grain transshipment in sea-
ports, a seasonal autoregressive integrated moving average model, ARIMA, with
the specification (0,0,0) (1,0,0) was applied. The information base for the study
consists of data on the cargo turnover of Ukrainian ports provided by the Center
for Transport Strategies for 2022-2024. The chosen model assumes the pres-
ence of one seasonal autoregressive parameter with a 12-month lag, correspond-
ing to annual seasonality, without the inclusion of hon-seasonal components or in-
tegration. This specification indicates that the series is stationary in levels and
that a regular seasonal structure dominates the formation of transshipment vol-
umes (Figure 3).

The estimated seasonal autoregressive coefficient is 0.8792 and is statisti-
cally significant at a high confidence level (p < 0.001). The t-statistic value is 8.51,
confirming the robustness of the obtained estimate. The coefficient is close to
unity, indicating pronounced seasonal inertia in the process: approximately 88%
of the variation in the current monthly transshipment volume is explained by the
level of the corresponding month of the previous year.
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Figure 3
Dynamics and forecasting of monthly grain cargo transshipment, 2022-2026
Forecasts; Model:(0,0,0)(1,0,0) Seasonal lag: 12

Input: Monthly transshipment in ports
Start of origin: 1 End of origin: 46
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Source: compiled by the authors based on statistical data from the Ukrainian Grain Asso-
ciation (2025).

This result is economically justified, as grain transshipment in ports is strictly
tied to the cyclical nature of agricultural production, harvest seasons, export con-
tract schedules, and the annual structure of international demand (Table 2).

Based on the estimated model, a forecast of monthly grain transshipment
in ports was generated for the first half of 2026. Since the model contains only a
seasonal autoregressive component with a 12-month lag, the forecast values are
formed primarily through the inertial reproduction of the previous year’s seasonal
profile (Table 3).

The obtained results indicate the persistence of a wave-like pattern in the dy-
namics throughout 2026. In the first half of the year, relative stability is expected with
minor fluctuations around the average seasonal level. This corresponds to the tradi-
tional decline in transshipment intensity during the inter-seasonal period and the par-
tial use of grain stocks accumulated in previous months.
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Table 2

Results of the seasonal autoregressive integrated moving average (ARIMA)
model for short-term dynamics of monthly grain transshipment in seaports

Input: Monthly transshipment in ports (Forecast)
Transformation: none

Model: (0,0,0)(1,0,0) Seasonal lag: 12 MS Residual=6.3805

Asympt. | Asympt. Lower Upper
Paramet. | Param. | o1 Fr | i(45) P | 95% Conf | 95% Conf
Ps(1) | 0.879176 | 0.103355 | 8.506392 | 0.000000 | 0.671009 | 1.087344

Source: compiled by the authors.

Table 3

Forecast scenarios for monthly grain exports in ports for 2026

Input: Monthly transshipment in ports
End of origin: 46

Start of origin: 1

Forecast; Model: (0,0,0)(1,0,0) Seasonal lag: 12 (Forecast)

Lower Upper
CaseNo. Forecast 90.0000% 90.0000% Std.Err.
47 3.236740 -1.00543 7.478913 2.525964
48 3.488169 -0.75400 7.730342 2.525964
49 3.738475 -0.50370 7.980649 2.525964
50 2.975701 -1.26647 7.217874 2.525964
51 3.255230 -0.98694 7.497403 2.525964
52 2.439862 -1.80231 6.682036 2.525964

Source: compiled by the authors.

In the middle of the year, the forecast shows a gradual increase in trans-
shipment volumes, which corresponds to the period of intensified export opera-
tions following the formation of a new harvest and the conclusion of export con-
tracts. However, the model does not predict sharp spikes, which can be explained
by the absence of a trend component in the model specification and the assump-
tion of stability in the seasonal structure.

In the second half of the year, a decline in indicators is expected after the
seasonal peak has passed. Such dynamics are typical for the annual cycle of
grain logistics, where maximum transshipment volumes are concentrated in the
post-harvest period and subsequently gradually decrease.
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At the same time, the analysis of the forecast confidence intervals indicates
considerable variability in the possible actual values. The width of the intervals
remains significant throughout the entire forecasting horizon, reflecting a high
level of uncertainty under unstable external conditions. This means that although
the baseline scenario predicts a seasonally stabilized pattern of transshipment in
2026, the actual volumes may deviate either toward growth or decline.

Thus, the forecast for 2026 indicates the preservation of annual seasonality
as the key factor shaping grain transshipment volumes in ports. The model does
not predict structural breaks or abrupt changes in trends; however, the high level
of uncertainty requires careful interpretation of the results.

Conclusions

The obtained results indicate that the dynamics of grain and oilseed trans-
shipment through Ukrainian seaports during wartime have a complex multi-
component structure, combining long-term cyclical fluctuations and short-term
seasonal inertia.

The application of spectral analysis based on Fourier series made it possi-
ble to identify the presence of hidden cyclicality in the time series. The most pro-
nounced harmonic component corresponds to a cycle of approximately four
years, indicating the existence of a medium-term cycle in the dynamics of grain
cargo transshipment. Such periodicity may result from a combination of agricul-
tural production cycles, fluctuations in global grain market conditions, logistical
constraints, and wartime infrastructure risks. The identified four-year cycle justi-
fies the feasibility of constructing forecasts specifically for the 2025-2028 horizon.

The results of annual forecasting revealed the presence of alternative de-
velopment scenarios. The most probable scenario predicts a decline in trans-
shipment volumes in 2025-2026, followed by a recovery in 2027-2028 to a level
close to the record indicators of 2024. At the same time, the optimistic and pessi-
mistic scenarios demonstrate considerable variability in possible values, confirm-
ing the high sensitivity of port logistics to security and market factors.

Monthly forecasting using the ARIMA model confirmed the presence of
clearly expressed annual seasonality. The statistically significant seasonal auto-
regressive coefficient (0.8792) indicates a high level of inertia: almost 88% of the
variation in current monthly volumes is explained by the corresponding indicators
of the previous year. This demonstrates the dominance of the seasonal factor in
shaping the short-term dynamics of grain transshipment.

The forecast for 2026 demonstrates the continuation of the wave-like pat-
tern of dynamics without signs of sharp structural changes. The average forecast
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level of transshipment remains within a stable range, while the amplitude of sea-
sonal fluctuations is moderate. At the same time, the considerable width of the
confidence intervals indicates a high level of uncertainty, caused by wartime risks,
the condition of port infrastructure, crop yields, global prices, the functioning of
export corridors, regulatory decisions, and geopolitical risks.

Thus, the combination of Fourier spectral analysis and ARIMA modeling
made it possible to comprehensively assess both the medium-term cyclical pat-
terns and the short-term seasonal structure of grain transshipment. Fourier analy-
sis revealed a fundamental four-year cycle, while the ARIMA model confirmed the
annual seasonal inertia of the process. The obtained results provide a methodo-
logical basis for scenario forecasting and strategic planning of the development of
Ukraine’s export logistics under conditions of wartime instability.
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