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Abstract. The research presents an analysis of grain production and export
capacity in Ukraine from 2010-2021. The major general factors that have
recentlyaffected the country’'s macroeconomicindicators and determined their
potential for the decline have been destroyed and damaged infrastructure,
a high level of military threat to crops, and massive internal and external
migration of working-age people and businesses. Therefore, analysis of the
availability and regularity of changes in the production reserve of these
crops for domestic farm use and external consumers defines the relevance
of the issue under study. The purpose of the study is to analyse the main
indicators of grain crop production in Ukraine and to identify the factors
that significantly influence their export potential. Using technical statistical
methods, models have been developed to demonstrate possible fluctuations
in the number of grain exports, considering the possible development of the
country’s economy. Using regression methods, the main factors influencing
the export potential of grains were identified. These factors have been
demonstrated to include, in particular, gross harvest volumes, availability
and quantities of mineral and organic fertilisers, purchasing prices for
produce, etc. A sustained long-term trend in grain exports over the past
10 years is demonstrated, but it has been established that Ukraine’s significant
export potential could change significantly. It could affect the economies of
Ukraine's grain-importing countries. It is suggested that the adverse impact
of the possible causes of Ukraine's declining export potential should be
reduced through further development of technologies for growing, storing
and transporting grain crops. The applied value of the results is to reduce
uncertainty in the agricultural market for agro-industrial and foreign trade
institutions by accounting for the impact of major grain production and
export indicators
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INTRODUCTION

The share of grain exports from Ukraine to other countries
is very significant. With the beginning of the full-scale
Russianinvasion of Ukraine,the opportunityto exportgrain
crops abroad has significantly decreased, but Ukrainian
grain is still supplied. As of the end of November 2022,
Ukraine exported 16,239 thousand tons of grain and
legumes (Ministry of Agrarian Policy..., 2022). Compared
the volume of grain exports with last year, it can be
seen that with the beginning of the full-scale war, it
decreased by more than 7 thousand tons. According to
Ukrainian Grain Association statistics (UGA, 2022), corn
(11,051,295 tons) was exported the most since March
2022, while wheat exports took the second place by vol-
ume (6,251,277 tons). The above statistics show the ur-
gency of solving logistical and economic problems with
the delivery of Ukrainian grain around the world, be-
cause otherwise importing countries may face a signif-
icant increase in prices or, in the worst case, starvation.

The search for a solution to the problem of ex-
porting goods during crisis periods has been studied by
scientists in the economic and agrarian spheres for a
long time. For example, researchers C. Betran and M. Hu-
berman (2022) studied the influence of internal and ex-
ternal factors on the formation of political decisions in
Spain in the interwar period. The study covers the period
of the Great Depression (1929-1930), during which tar-
iffs were the basis of the political approach to support
the economy. The Spanish government was faced with
the need for bilateral negotiations to open new markets
for goods. As can be seen from the results of the articles,
the saving step for the Spanish economy was coopera-
tion with Great Britain and Italy, which agreed to accept
Spanish goods in exchange for Spain's access to their
market. The study shows that for difficult economic fea-
tures, and it is necessary to have external partners, it is
possible to prevent the recovery of the country's economy.

The role of grain exports in the events of the
Great Famine in China was studied by H. Kasahara and
B. Li (2020). In the course of the study, the scientists
quantified the various causes that could have led to such
mass mortality among the Chinese population from
1955 to 1963. Scientists have come to the conclusion
that the increase in the volume of grain exports was
directly proportional to the increase in the death rate of
the Chinese. It is peculiar that death rates were higher
in areas with fewer members of the Chinese Communist
Party. Using the example of China, it can be seen that
the lack of development of agricultural enterprises, an
increase in the number of imported goods, and a par-
allel increase in the amount of exported grain can lead
to a demographic catastrophe. Therefore, for Ukraine,
reducing the export of grain in the post-war period can
be quite a rational decision to avoid similar situations.

Other researchers such as Gutierrez et al. (2022),
raised the issue of regulating the feed (cereal) market
after the COVID-19 crisis. Cereal crops are consumed

Gafarov et al.

not only by humans but also by animals. This suggests
an increase in the need for each of the states to import
and export grain crops. The authors used a global vec-
tor auto regression model to estimate the shock to oil,
exports, and stocks of wheat, corn, and barley for ex-
porting countries. The results of the analysis indicate
that grain prices remained stable in early 2020 thanks
to the oil market. However, restrictions on grain exports,
which could be observed at the beginning of 2020, may
still lead to an increase in prices in importing countries.
Given this forecast, reducing the volume of grain ex-
ported from Ukraine to other countries would be able
to maintain a stable price policy in this food segment,
but such actions may lead to the beginning of a shortage
of grain crops at the national level. That is why the issue
of export after the end of the war is so urgent.

Canada has a very large agricultural potential,
but even such an economically stable state faced a cri-
sis that was called the Great Canadian Grain Logistics
Crisis. The events of the agricultural sector in 2013-
2014 in Canada were studied by PJ.AM. Rimmer and
C. Comtois (2018). The researchers study the “politics” of
Canada’s grain supply chain, which includes producers,
grain companies, rail companies, port operators and
export buyers. PJ.A.M. Rimmer and C. Comtois (2018)
suggest that Canadian grain exports have been in de-
cline due to ineffective changes in the supply chain,
particularly in the Asia-Pacific region. Researchers Brown
et al.(2020) drew attention to the possibility of Canadian
farms switching from low-value wheat to high-value
canola. Such changes were associated with the abolition
of export subsidies in the country in 1995. The authors
of the study come to the conclusion that the adaptation
of farms to new political and economic conditions can
be carried out heterogeneously, but each farm must have
an individual approach.

The purpose of the study is to identify factors
that significantly affect the level of production and ex-
port potential of grain crops in Ukraine. It should con-
sider the general economic situation in the country, in-
vestigate possible reasons for significant fluctuations
in production, and identify potential scenarios for the
development of Ukrainian grain exports. For this pur-
pose, the following objectives have been set: to analyse
statistical data from official sources on the main fea-
tures of grain crop production and exports; to identify
the main trends in grain production and to identify the
main factors affecting this area of the economy; to es-
tablish a proper forecast of fluctuations in the capacity
of Ukraine's grain export potential and to estimate the
possible consequences.

MATERIALS AND METHODS

To estimate the production capacity and export potential
of grain crops, the use of official statistical methods to
determine this integral indicator has been suggested.
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During the preliminary analysis, the main groups of
indicators that comprehensively describe the export
potential of the country's agro-industrial complex were
identified. The export potential of grain crops was es-
timated in the following sequence: to define a system
of indicators to estimate the grain export potential; to
determine the significance of individual indicators in
the system for grain export volumes; to define the in-
fluence of the most influential indicators on the level of
grain crops export potential; to calculate the forecast of
grain export volumes for the medium term; to develop
recommendations for agro-industrial and foreign trade
institutions by considering their impact on the main in-
dicators of grain crop production and exports according
to the results of the forecast.

The main input data for the analysis of grain
production indicators are derived from sources (State
Statistics Service of Ukraine, 2022; Ukraine 2022, 2022)
and for the years 2010-2021. To obtain an estimate of
the prospects in the export potential, there is a necessity
to forecast grain export volumes based on the series of
dynamics of grain production volumes in Ukraine, the
cultivated areas used for this purpose, the amount of
mineral and organic fertilisers used, purchasing prices,
etc. In the process of selecting a method for forecasting
the capacity of grain export potential, it is considered
that the forecast result must fulfil the requirements of
applicability to the studied dynamic series and the ob-
jective significance of the obtained estimates (Hunk et al.,
2003). Considering this, it is suggested to use adaptive
models of nonlinear type, which is described in (Ingle
etal.,2021; Silva et al., 2019). These methods are seasonal
and reflect modern approaches to forecasting complex
time series, such as production and export volumes of
grain crops. The trend adaptive model for forecasting
the level of the indicator St will be called the analytical
function of the type:

Sy =f(t,6)
{F(G) =S, — f(t—1,6) (1)

where: t - time unit given in the considered case, years;
G - vector of parameters significantly influencing the
levels of the forecast indicator.

The function F(G) allows the deviation of the ac-
tual and modelled values of S, over time to be estimated
and the dependence of the parameters at which the
model has the highest possible accuracy to be clarified.
In general, the function f (¢, G) can be represented in
analytical form, or by a complex neural network, etc.
To establish these models, the least-squares method
of error estimation is applied in most cases. The fore-
casting of grain export volumes has been suggested
using the Holt-Winters exponential triple-smooth-
ing (ETS) time-series forecasting method (Holt, 2004;
Winters, 1960). Compared to simple and double expo-
nential smoothing, the Holt-Winters triple exponential
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smoothing model considers trend and seasonality fac-
tors (Holt, 2004; Winters, 1960). The selection of this
model is based on the fact that it has performed ex-
tremely well for data with a pronounced seasonal com-
ponent. It is assumed that the seasonal component of
grain production and export levels is additive based
on a predetermined annual period of constant periodic
fluctuations from the mathematical expectation. With
additive seasonality, the level of indicator St at time t is
calculated as a recurrent relationship as:

S=a(X~-C~R)*(1-a)(S-1+B-1) (2)
where: X is the levels of the original time series in period
t; S,-1is the seasonally deprived, smoothed value in the
previous period t-1; B-1 is the trend component of the
series; C, is the seasonal component of the series; R is
the season length in periods; a is the level smoothing
factor, a€(0, 1), which is selected based on the minimum
accumulated error in expression (1).

Using the smoothing coefficient a, the influence
weight of the current value of X, and the smoothed
previous value of S-1 of the level of grain exports is
distributed. In calculating the smoothed value, the
following feature is considered: if the corresponding
smoothing coefficient is closer to 1, the values of the
current and the nearest previous values of grain export
levels are considered more. To identify the main trends
in grain production and exports, regression methods
have been proposed. The selection is based on the fact
that, despite their relative simplicity, these methods
provide effective results even when a large number of
factors are involved. The multiple regression equation for
capacity and export volumes of grain crops S,can be
represented as:

S=fB, Wyre, (3)
where: W=W(W ,W,,.. W, .. W ) - vector of factors influ-
encing the one under study; p — weight vector of coeffi-
cients to be determined; € - random error (or deviation).

In explicit form, the linear multiple regression
equation has the form:

S=B,+B,W +B,W +..+ B W +g, 4)
where: B - free regression term, determining the value
of S, in the case when all factors W,and € [1..m],are O;
B,.. B, — regression coefficients.

The estimation of the regression coefficients B,
is proposed to be performed using the least-squares
method, as it is quite common and efficient as it pro-
vides a minimum of the mathematical expectation of
the random deviation €. To solve the problem of iden-
tifying the main factors influencing grain production
and exports, it is suggested to estimate the value of the
paired correlation coefficient:

R = 2i(Wi=W)(St;=5¢t)
mo TW—W)2 X (St;—S6)%

()

where: W St - is the mathematical expectation of the
corresponding values W, and St, at time 1.




The quality of the obtained regression model
is suggested by identifying the hypothesis of equality
of zero coefficient of determination of data by Fisher's
F-criterion using well-known methods (Lomotko et al.,
2019; Silva et al., 2019).

RESULTS AND DISCUSSION

The production and export of grain and leguminous
crops occupy a major place in the income structure of
the national economy. Grain production is the activity of
agricultural producers, which is specifically designed to
grow grain to meet the domestic demands of Ukraine for
seed, grain for food, fodder and technical purposes, to
improve its quality, to maintain and develop the export
potential of grain crops market, and is associated with
the food security of Ukraine through the development
of grain economy (Law of Ukraine No. 37-1V, 2002). The
situation in the Ukrainian economy and agro-industrial
complex is defined by the high level of military threat to
agriculture and crops, massive damage to the infrastruc-
ture necessary for proper functioning and other adverse
consequences. It presents new challenges to all economic
subjects. Therefore, the analysis of the availability and
patterns of changes in the reserve of grain crop production
for domestic usage of the farm and external consumers
determines the relevance of the question under study.

The agricultural industry occupies one of the
main positions in terms of volume and financial perfor-
mance among all economic activities in the country. A
significant role in agricultural production is dedicated to
the cultivation of grain crops. Grain and its products have
multiple uses: food, fodder and technical. The leading crop
for the national economy in terms of production and cul-
tivated area belongs to grains (Fig. 1). As it can be seen,
cereals and leguminous crops dominate in the structure
of cultivated area - 64.49% of the total Ukrainian crop
production, which according to (State Statistics Service
of Ukraine, 2022) in 2021, amounted to 24804 thousand
hectares. By production volumes (Figure 2) wheat and
maize are in the lead, respectively 38.7% and 47.1%, fol-
lowed by 11.4% of barley in the total production of grains
and leguminous crops in 2021. It demonstrates the sig-
nificance of studying the availability of these crops for
domestic use in Ukraine and for external consumers who
import grain from Ukraine.

Grain and leguminous
crops (64.49%)

Sunflower (26.70%)
Vegetable crops (1.85%)
Sugar beet (0.92%)
Potato (5.17%)

Figure 1. Structure of cultivated area in Ukraine (2021), %
Source: State Statistics Service of Ukraine (2022)
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Grain and leguminous
crops (86010 KT)

Sunflower (16392 KT)
Vegetable crops (9935 KT)

Sugar beet (10854 KT)
Potato (21356 KT)

Others (2235 KT)

Figure 2. Production volumes of grains and leguminous
crops in Ukraine (2021), KT
Source: State Statistics Service of Ukraine (2022)
Note: KT - thousand tonnes

Currently, the government has been obliged to
classify crops as critical goods for import under martial
law. The criteria for this decision are defined in (Reso-
lution of the Cabinet of Ministers of Ukraine No. 153,
2022) and reflect the fact that grain is a food commodity,
the lack of which can result in a humanitarian and food
crisis, and it is part of the production cycle of critical
food commodities. The influence of this fact is consid-
ered in establishing the purposes of the study (Ukraine
2022, 2022). The study of trends in the grains market is
connected to an analysis of the level of total grain yield
in the country: according to (FAOSTAT: Ukraine, 2022), it
has almost doubled, from 2.77 t/ha in 1992 to 5.38 t/ha
in 2021, according to the data. Researchers argue that it
has significantly affected the structure and priorities of
the national economy and confirms a significant export
potential (Kyzym et al., 2014; Klymenko et al., 2013).
According to data (Kyrylenko et al., 2017) Ukraine aspires
to join the world's leading economic alliances, which
requires the development of strong, extensive interna-
tional economic relations and the conclusion of ap-
propriate foreign economic agreements. Up to 70% of
Ukraine's agricultural production is exported through
transnational corporations, which unfortunately does
not guarantee continued investment in the industry
and provides little stability in the agribusiness complex
(Nakonechna & Yakubovska, 2018).

At the beginning of 2022, there is a tendency for
Ukrainian grain exports to decrease and export prices
to increase from $200-250 to $400-450/t in world mar-
kets (Grain: World Markets and Trade, 2022). It contrib-
utes to the termination of existing and lack of commer-
cial interest in new contracts for the supply of grain
products to the European Union (EU) and other coun-
tries (Garbelini et al., 2022). Compounding the trend
is the forced transportation of crops by rail through
congested land border crossings, which has resulted
in longer delivery times and more complicated grain
logistics (Lomotko et al., 2019). To reduce the level of
uncertainty in the grain market, a necessity emerged
to forecast trends and developments in the market.
Regrettably, the analysis of most of the reviewed stud-
ies demonstrates insufficient consideration of current
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trends in the agricultural industry. Therefore, the ob-
stacles to the conclusion of long-term contracts due to
martial law and the situation of the Ukrainian economy,
against the background of the rapid integration into
the EU, cannot ensure stability in the production and

25 23.1

20
16.6

15

10

1.72
0.18

2020

export volumes of grain crops. Ukraine has exported
45.8 million tonnes of grain in 2020 and 42.6 million
tonnes in 2021-2022 marketing year (mr) (as of Febru-
ary 21, 2022), as presented in Figure 3 (State Statistics
Service of Ukraine, 2022).

Wheat
178 18.7
Barley
Rye
5.6 Maize
Others
0.16 0.34
2021/22mr

Figure 3. Structure of grain and leguminous crops exports in Ukraine

Source: State Statistics Service of Ukraine (2022)

The gross harvest and yield of the crop vary
according to natural-geographical and anthropogenic
factors (Nakonechna & Yakubovska, 2018; Vasylkovska
& Malakhovska, 2019). Natural factors include the avail-
ability of cultivated areas, natural soil fertility, climatic
conditions and photosynthetic activity. Technogenic

factors refer to the level of modern technology used to
provide plants with moisture, the required amount of
mineral and organic matter (Guo et al., 2022). The main
input data for the analysis of grain production indica-
tors are considered for 2010-2021 and are presented
in Table 1.

Table 1. Main indicators of Ukraine's agro-industrial complex for the production
of grain and leguminous crops in all categories of farms

Production volume

Cultivated area (gross harvest)

of grain and

Grain export,

Mineral fertiliser
application
for grain and

Organic fertiliser
application
for grain and

Average prices
of agricultural

Year ! of grain and > > .
leguminous crops, : thousand tonnes  leguminous crops  leguminous crops grain products,
leguminous crops, . . . .
thousand ha (excluding maize) (excluding maize) UAH/t
thousand tonnes
thousand tonnes thousand tonnes
W, w, S, W, W, W,

2010 15090 39271 12180 185.3 2939.5 11209
2011 15724 56747 23230 261.8 2916.8 1374.2
2012 15449 46216 22190 340.6 28253 1547.1
2013 16210 63051 32520 439.6 2620 1299.8
2014 14801 63859 35600 404.7 22534 1801.4
2015 14739 60126 38620 342.3 2332.5 29121
2016 14401 66088 44990 410.7 20254 34140
2017 14624 61917 40270 478.8 1873.9 3771.6
2018 14839 70057 50090 482.5 2316.6 4315.0
2019 15318 75143 55090 528.0 2368.5 38675
2020 15392 64933 45810 659.9 2060.7 4794.1
2021 15995 86010 50800 630.5 1875.7 6296.1

Source: based on data from (State Statistics Service of Ukraine, 2022; FAOSTAT: Ukraine, 2022)
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The publications (Kyrylenko et al., 2017; Na-
konechna & Yakubovska, 2018) consider exports to be
an essential factor for economic growth and the inte-
gration of the state into international relations with EU
countries and the world economy, i.e., exports are al-
ready acquiring the features of potential. Thus, exports
of agro-industrial products ensure Ukraine's ability to
attain the general economic purposes of European in-
tegration and the ability to solve the problems of grain
and leguminous products supply not only for a partic-
ular country but to contribute to the solution of the
world food problem in general. Since the early 2022,
EU grain markets have been significantly affected by
the situation in the Ukrainian economy and the nearly
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completely discontinuation of Ukrainian grain exports
compared to previous years (Table 1). As Ukraine is a
major exporter of wheat and maize, the result has been
a sudden shift in demand to suppliers from outside
Europe and a 2-3x increase in grain export prices. The
trend is an attempt to start transporting crops by rail
rather than by sea, which has caused sharp fluctuations
in quotations on world markets. For example, quota-
tions for maize exports declined slightly due to the level
of harvests in South America (Grain: World Markets and
Trade, 2022). In comparison, there is stability in the rice
market, whose producers are in relatively calmer eco-
nomic conditions outside Europe, which contrasts with
the volatility of wheat and maize (Fig. 4).

Rice (Thailand)

Wheat (EU)

Rice (India)

Maize (USA)

Wheat (Ukraine)

SO g 2N 2N CN=AN

oNZN g N gN VN 5N
OO 5050 goO 2o
ENENEN s_NzN<N
o [ c O

> (SR [}

[} v (s

=z o

Figure 4. The dynamics of quotations on the world crop market

Source: Grain: World Markets and Trade (2022)

Ukraine's grain export potential correlates with
global grain market trends. The data analysis presented
in (Nakonechna & Yakubovska, 2018; Melnyk, 2017) in-
dicates that world grain production in the short and long
term can generally fulfil the demand for grain products,
even if the world population continues to increase by
80 million people each year. Under these conditions, it
is forecasted that the growth in grain crop production
will be mostly due to its development in those countries
where there are suitable conditions for it. Therefore, the
conditions of the Ukrainian agricultural market should
be attributed precisely to promising regions with strong
grain crop producers. A negative trend that could con-
strain further increases in global grain production is the
limited amount of land available for grain cultivation. It
is explained by the high level of urbanisation and the

necessity to preserve forests, further involvement of un-
used fertile lands in the conditions of limited water re-
sources for agricultural purposes.The Ukrainian grain and
legume market is significantly affected by this, as most
grain seeds are exported at prices that are established on
international stock exchanges. However, the latter level
is influenced by the global trend in grain production and
consumption, as tracked by relevant indicators of global
price fluctuations and quotations on the world crop
market (FAOSTAT: Ukraine, 2022). To reduce the level of
uncertainty in the grain market, a necessity emerged to
forecast trends and developments in the market.

The forecasting of the export capacity of crops was
performed using the Holt-Winters exponential triple-
smoothing method using formulas (2) and (3) witha 95%
confidence interval, the result is presented in Figure 5.
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458 508 523 528 533 The limit of pessimistic
' estimation
50.8
435 418 39.3 Export forecast, million tonnes

The limit of optimistic
estimation

201020112012 20132014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 5. Forecast of grain export potential dynamics

Source: authors' research

Thus, if the current trend in grain export volumes
continues, the slight increase to 52.3 million tonnes in
2022 and 52.8 million tonnes in 2023 is more realistic.
However, the situation in the Ukrainian economy allows
asserting that the pessimistic scenario - 43.5 million
tons in 2022 and 41.8 million tons in 2023, or a re-
duction of grain export by 18% - is a more realistic
forecast. The accuracy of the forecast was estimated at
84%, which is a rather high value for the forecasting
method applied. In contrast to the proposed approach,
studies (Ingle et al., 2022; Silva et al., 2019) are based
on ARIMA (autoregressive integrated moving average)
models of an integrated autoregressive moving aver-
age model for the time-series analysis. They are used
to forecast demand for grain, flour, food products. The
authors demonstrate that their model is sufficiently re-
liable and can be used for demand forecasting, both for
the industry in general, for individual farms, retail out-
lets, supply chains and transport, and inventory man-
agement purposes. But the Holt-Winters model used
is well-established in agricultural and food production
research due to its prevalence and relative simplicity of
construction, and, as calculations have demonstrated,
sufficient predictive validity (Lomotko et al., 2019).

Forecasting the demand for resources such as
food, grain, and water is one of the key objectives of
most companies and economies in general (Klymenko,
2013). Resource consumption varies according to several
factors, including periodicity over time and accidental
occurrence. That is why resource demand forecasting
is performed using models, the results of which have
been analysed in detail in (Hunk et al., 2003; Ingle et al.,
2021; Sirohi et al., 2021). The forecast data obtained by
the authors from such models are used for managing, con-
trolling and adjusting the existing production and sup-
ply of the resource, and for designing the elements of
the required infrastructure for this purpose. However, it
may be observed that there is no universal method for
forecasting and modelling crop production and exports.
For this reason, the authors (Hunk et al., 2003; Holt,
2004; Winters, 1960) proposed a solution in which the
dynamics of the process under study are determined
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by trend analysis and a random factor. The implemen-
tation of such prediction models has demonstrated a
good correspondence with empirical and predictive data
and a relatively accurate reflection of the fluctuations
of the research process over time. Therefore, the re-
sults obtained in the study in this research using the
Holt-Winters method demonstrate this as a good tool
for forecasts in agricultural production.

The search for the main factors influencing grain
exports was performed using formulas (3) and (4) us-
ing the least squares method, the following regression
equation was obtained (regression equation estimation):

5=108107.6223-12.4083W +0.8576 W +

+60.9059W,+16.0424W,+0.08657W.. (6)

The regression coefficients have the following
interpretation:

Constant estimates the aggregate impact of factors
other than those considered in the model (6) on the
volume of grain exports S,, which would amount to
108107.62 thousand tonnes. Coefficient {3, indicates
that with an increase in the cultivated area of grains
and leguminous plants per 1 thousand ha the volume
of grain export decreases by 12.4083 thousand tonnes.
It is explained by the specific features of grain culti-
vation technology under extensive farming conditions
and by the fact that the expansion of the cultivated area
is generally performed for domestic consumption. This
influence naturally has some limits, the establishment
of which is beyond the scope of this study. Coefficient 3,
demonstrates that with an increase in the gross harvest
of grains and leguminous crops by 1 thousand tonnes,
the volume of grain exports increases by 0.8576 thousand
tonnes. It is explained by the desire of agricultural com-
panies to export grain residues (if any).

Coefficient B, indicates that with an increase in
mineral fertiliser application under crops of grains and
leguminous crops by 1 thousand tonnes, the volume of
grain export increases by 60.9059 thousand tonnes. It
can be explained by the natural causes of the impact
of mineral fertilisers on the level of yield. Evidently, the
positive impact has some limits, the establishment of
which is beyond the scope of this study (Nakonechna &




Yakubovska, 2018). Coefficient B, demonstrates that with
an increase in organic fertiliser application under grains
and leguminous crops by 1 thousand tonnes, the volume
of grain export increases by 16.0424 thousand tonnes.
It can be explained by the natural causes of the effect
of organic fertilisers on yield levels, by analogy from the
previous factor. Coefficient B, indicates that with an in-
crease in the average price of agricultural grain products
by 1 UAH/t, the volume of grain exports increases by
86.57 t. 1t is explained by the desire of agricultural compa-
nies to export grain residues at the most attractive price.
The list of factors influencing the volume of grain
exports is not exhaustive and can be expanded by con-
sidering additional factors (Grain: World Markets and
Trade, 2022; Vasylkovska & Malakhovska, 2019), and
model (6) will result in an enriched and more refined
one. The correlation coefficient is known to reflect the
degree of connection between two indicators. If the
coefficient is close to 0, it indicates the absence of a
connection between the variables. To find the degree
of influence of the main factors on grain exports, the
following results were obtained for the raw data in Ta-
ble 1 using formula (6): coefficient R,.=-0.137 indicates
a low level of influence of the cultivated area of grains
and leguminous crops on the volume of grain exports;
coefficient R,=0.904 demonstrates a very strong level
of influence of the gross grain harvest on grain export
volumes; coefficient R,=0.840 indicates a strong influ-
ence of the amount of fertiliser applied to grain and
leguminous crops on grain export volumes; coefficient
R,=0.798 indicates a strong influence of the amount of
organic fertiliser applied to grain and leguminous crops
on grain export volumes; coefficient R,=0.839 indicates
a strong level of influence of the average price of agri-
cultural grain products on the volume of grain exports.
A qualitative evaluation of the resulting model (6)
was performed by testing the hypothesis of nullity of
the coefficient of determination of the data by Fisher's
F-criterion. The Fisher's F-criterion for the model is
42.751, the critical value for 5 degrees of freedom is
4.39.Since 42.751>4.39, the influence of the factors can
be considered statistically significant and the regres-
sion equation (6) is statistically reliable. According to
experts (How much grain does Ukraine export, 2022),
the cultivated area of grains in Ukraine has recently de-
creased by 10-12%. Most experts are inclined to believe
that the decline in the main indicators of grain and fer-
tiliser production will be in the range of 10-15%. Based
on this, the resulting regression model (6) was applied
to predict the export potential of grain crops. Grain
exports in 2022 are estimated at 47.7 million tonnes
and in 2023 at 42.8 million tonnes, assuming current
trends remain unchanged. It corresponds to the pes-
simistic scenario in the previous forecast model, with
the discrepancy between the results not exceeding 9%.
Considering this, it can be assumed that the models ob-
tained are of sufficiently high quality and appropriate.
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Notably, changes in the amount of cultivated
area, in the quality of the crop due to the evolution of
production technology and fluctuations in world pro-
curement prices have a significant impact on the export
potential of the state. Meanwhile, an analysis of the re-
sulting impact of the factors concludes that seasonal
demand for grain products requires compensation. It
can be used at specific times of the year in the domestic
market, but agribusinesses have the option of export-
ing to foreign markets at different times of the year.
Selling the excess production volume of grain products
to exports, if the proposed forecast model is applied,
would facilitate the ability to sell their products in the
foreign market without giving large discounts to for-
eign buyers or not lead to the elimination of excess
production of agro-industrial products. At the present
stage of Ukraine's economic transformation, the issue
of adapting foreign trade to EU requirements arises. A
significant factor influencing the Ukrainian agricultural
sector is the pre-crisis excess of its production po-
tential over domestic market demand (Nakonechna &
Yakubovska, 2018). It has established a vector for na-
tional export policy development, but requires a com-
plex process of transition to international quality stan-
dards in the areas of agricultural products themselves,
customs regulations and transport technologies (Esfahani
et al., 2019; Council Directive 92/106/EEC, 1992).

Unfortunately, Ukrainian exporters of grain and
leguminous crops, compared to all major trade competi-
tors, have no efficient system of insurance, crediting and
export guarantees, which cannot fully ensure the pro-
motion of their agricultural exports. Based on the fore-
cast models obtained, it is possible to propose actions
to improve the normative regulation of export relations
in the market of agro-industrial products by strength-
ening measures to protect the interests of Ukrainian
grain producers in anti-dumping, special protective or
countervailing measures against agricultural goods of
Ukrainian origin. Recent events in Ukraine have proved
the necessity to increase the effectiveness of work on
preventing price discrimination of Ukrainian grain prod-
ucts on foreign markets, establishing an updated con-
tractual and legal framework with partner countries to
protect the interests of Ukrainian producers of agro-in-
dustrial products on foreign markets and improving the
efficiency of information and advisory support and ex-
port development of grain crops. Summarising the data
of the above sources and (Vasylkovska & Malakhovska,
2018; Melnyk, 2017) it is possible to estimate the ex-
port potential of grains as the ability of the national
economy to produce competitive agricultural products
and to sell them on international markets under con-
ditions of continuous growth of efficiency of natural
and land resources use, development of the scientific
and technical potential of the agro-industrial complex,
providing grain producers with foreign exchange and
financial and credit support, and service and transport

Scientific Horizons, 2022, Vol. 25, No. 12

109



110

Analysis the capacity of grain export potential in Ukraine, possible reasons for the decrease and development trends

infrastructure, subject to the establishment of a sys-
tem of economic security for the country in general. It
requires agribusinesses to support constant growth in
yields and the efficiency of the applied agro-technolo-
gies, which is why the development of the economy in
the period up to February 2022 observed a natural al-
ternation of growth and decline in grain production in
the absence of a long-term imbalance in the country's
export potential for these products.

When assessing the place of the Ukrainian grain
producer in the global market, note the EU export fore-
cast for 2021/22, which has been reduced to 34.0 mil-
lion. The main reason for this is a slowdown in supplies
from Ukraine, and two EU members (Bulgaria and Hun-
gary) have given priority to maintaining their reserves
to combat high world grain prices (Grain: World Markets
and Trade, 2022). Bulgaria and Hungary, which together
account for 8% of EU wheat exports, are expected to
export less wheat by the end of the trading year as
their governments imposed restrictions on grain export
volumes. Wheat exports from the EU are highly con-
centrated, with the five largest wheat exporters to the
EU (France, Germany, Romania, Poland and Lithuania)
accounting for 80% of total wheat exports. Thus, it is
particularly notable that a significant part of the export
deficit is the result of slower growth in France, Lithua-
nia and Poland. Under such conditions, it is not easy for
Ukrainian agribusinesses to establish their place in the
global economic complex, especially since the world
markets of major grain producers have already been
established. On the other hand, Ukrainian grain exports
are mainly a raw material source in the world market
for the production of finished grain products, which, as
a consequence, the country has to import from abroad.
Experts (Grain: World Markets and Trade, 2022) estimate
that EU exports will accelerate in the last quarter of
2022 as buyers shift away from supplies from Ukraine.
To reach the reduced forecast of 34.0 million tonnes, ex-
ports from the EU must average 3.5 million tonnes per
month. Demand for crops in Egypt, Turkey,Jordan, Nige-
ria and other markets in Africa is expected to increase,
ending the trading year in line with the revised forecast.

In November 2021, Forbes selected the 13 largest
agricultural companies in Ukraine (by annual revenue in
2020) (Ministry of Agrarian Policy and Food of Ukraine,
2022). The total revenue of 13 agricultural companies
is UAH 342 billion (14.9%) out of the hundred largest
private companies in Ukraine - UAH 2.3 trillion. The
most efficient agricultural companies include “Kernel”
(UAH 118.7 billion), “MHP” (UAH 51.5 billion), “Nibulon”
(UAH 25.8 billion). The 13 largest agricultural compa-
nies employ 67,800 people. Considering the forecasts,
the question arises regarding not only the financial but
the social aspect of the consequences of adverse trends
inthe grain market. Studies (Nakonechna & Yakubovska,
2018) demonstrate that agricultural production faces
the risk of severe water shortages and nitrogen fertiliser
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efficiency, which could be another factor significantly
influencing the performance of agricultural companies.
In (Garbelini et al., 2022) notes that the permanent use
of intensive cultivation areas can worsen soil yields,
profit margins for agribusinesses and environmental
sustainability. Thus, the authors (Sirohi et al., 2021;
Guliyev et al., 2021) conducted research on the level
of grain yield and profitability of agricultural systems
with various levels of plant diversity. It is proposed to
do this by predicting yield volumes and automating
particular processes. The disadvantage of such systems
is their design cost. The proposed set of measures requires
budgetary and extra-budgetary funding and foreign in-
vestment, the amount of which should be determined
based on existing international practices, and an assess-
ment of the national economy and the existing structure
of grain exports. Thus, for these purposes, the selection
of an efficient formal forecasting method will enhance
the functionality of agribusiness operations and have
the expected effect of reducing uncertainty in the grain
market.

CONCLUSIONS

The demand for grain crops products on both world
and Ukrainian markets has a steady upward trend due
to objective (natural influence on grain crop fertility,
modern farming technologies, application of the latest
fertilisers) and subjective reasons (changing consump-
tion culture of the population, a trend towards the con-
sumption of ecologically clean products). Statistical data
analysis of the main features of crop production and
exports in Ukraine demonstrates that the country’s po-
tential is, regrettably, unstable. Although the trend of
grain exports in 2010-2021 is centred on growth, with
a maximum of 50.8 million tons in 2021, the forecast
obtained in this research demonstrates that the export
potential of grains is expected to decrease. EU exports
are expected to accelerate in the last quarter of 2022,
as buyers unfortunately shift away from supplies from
Ukraine. To reach the reduced forecast of 34.0 million
tons, exports from the EU must average 3.5 million tons
per month. That forecast estimate of grain supply to
Egypt, Turkey, Jordan, Nigeria and some other countries
demonstrates an increasing trend in demand.

The Holt-Winters exponential triple-smoothing
method was selected as the methodological apparatus
for forecasting economic processes in the grain market,
and regression methods were proposed for identifying
the main trends and the degree of influence of factors
on grain exports. The influence of the main factors on a
country's export potential has been defined, in particular,
the amount of cultivated land, the amount of mineral
and organic fertilisers applied, grain purchasing prices,
etc. The resulting models demonstrated sufficient statis-
tical reliability, and the discrepancy between the results
obtained by the various methods did not exceed 9%. As-
suming that the current trend in the volume of Ukrainian




grain exports continues, it is established that a slight
increase to 52.3 million tons in 2022 and 52.8 million
tons in 2023 is the most probable. At the same time,
the proposed forecast models reflect current economic
trends, which allows asserting the reality of pessimistic
expectations for grain exports with its reduction by 18%
to 43.5 million tonnes in 2022 and 41.8 million tonnes
in 2023. The reliability of the forecast is estimated at
84%, which demonstrates the quality of the applied
forecasting method. The way to reduce the possibility
of a decline in the export potential of crops is to expand
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strong and extensive international economic connections
and to conclude appropriate long-term foreign trade
agreements for agro-industrial and foreign trade insti-
tutions. Thus, in the terms of the agreements, the predicted
results obtained and the level of influence of the main
factors investigated in the research should be considered.
Taking into account the current state of Ukrainian crop
production and its export, conducting further research
to identify ways to avoid an economic imbalance in the
grain market of Ukraine in the next 5-10 years was justified
from a scientific point of view.
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AHani3 NoTy)KHocTe eKCNOPTHOro NoTeHuiany 3epHOBUX KynbTyp YKpaiHu,
MOXXJIUBUX NPUYMH 3aHeNnaay Ta HanpsMiB PO3BUTKY

Hizami Oxxadapos, Enbluian I6parimos, Myxa66ar lNyceitHoB

AzepbanmKaHCbKUI yHiBEPCUTET KOONepaLii
AZ1106, Byn. H. HapimaHoBa, 93, M. baky, Pecnybnika AsepbainxaH

AHoTauif. Y cTaTTi NpeacTaBneHo aHani3 BUPOOGHULTBA Ta 06cariB ekcnopTy 3epHa B YkpaiHi y 2010-2021 pokax.
OcHOBHMMM 3aranbHUMKM (HAKTOPaMMU, LLO OCTAHHIM YacoM BMIMHYIM Ha MAaKpOEKOHOMIYHi MOKA3HMKM KpaiHu Ta
BM3HAYMAN MOXMBICTb iX 3aHENaAY, CTanu 3HULLEHA Ta NOLWKOAXKEHA iHDPACTPYKTYpa, BUCOKMIA piBEHb BiNCbKOBOT
3arposu A/ NocCiBHUX M/OLL, MAaCOBa BHYTPILUHS Ta 30BHILLHA Mirpalis npaLe3aaTHoro HacesneHHs Ta 6isHecy. Tomy
aHani3 HasiBHOCTI Ta 3aKOHOMIPHOCTe 3MiH pe3epBy BUPOOHMLITBA LIMX KYNLTYP A/15 BHYTPILLIHbOAEPYKABHOIO BUKOPUCTAHHS
rocnofapcTeaTa A 30BHILUHIX CMOXMBAYiB BU3HAYAE aKTyaNbHICTb AOCNIAKYBAHOMO NUTaHHA. MeTOo JOCNIAKEHHS €
aHanNi3 0CHOBHMX MNOKAa3HWKIB BUPOOHMLITBA 3€pHOBUX KYNbTYP B YKPaiHiTa BUSBEHHS YNHHMKIB,LL,O CYTTEBO BMNJIMBAKOTb
Ha iX eKCnopTHWI NoTeHuian. 3a LOMNOMOroK BUKOPUCTaHHS GOPManbHMUX CTAaTUCTUYHUX METOAIB PO3pob/ieHo
Mogeni, LWo BiabMBaOTb MOX/IMBI KONIMBAHHS 06CAriB eKCMOPTY 3epHA 3 YpaxyBaHHSM MOX/IMBOrO PO3BUTKY CUTyaLii
B EKOHOMIiLi KpaiHWU. BUKOpMCTaHHA perpeciiHuX MeTOAIB [03BOSIMIO BCTAHOBMTU OCHOBHI GaKTopw, WO BNAMBAIOTb
Ha eKCNopTHWI noTeHuian 3epHoBuMX. [loBeaeHo, Wo A0 uux GakTopis, 30KpeMa MOX/IMBO BifHECTU BanoBi obcarm
360py BpOXato, HASIBHICTb Ta KiIbKiCTb MiHEpAIbHUX Ta OPraHiuHMX f06pMB, 3aKyMiBe/bHI LiHX Ha NPOAYKL0 TOLLO.
Moka3aHo CTikKy TpuBany TeHAEHLi0 10 36inblieHHs 06cariB ekcnopTy 3epHoBUX NpoTsaroM 10 ocTaHHiX pokis, ane
BCTAHOBJIEHO, WO 3HAYHUIM eKCNOPTHWMI noTeHuian YKpaiHM MOXe CYTTEBO 3MiHMUTUCA. Lle MOoxe BNAMHYTU Ha CTaH
E€KOHOMIK KpaiH-iMnopTepiB yKpaiHCbKOro 3epHa. [IponoHY€ETHCS 3MEHLWNTM HEraTUBHUIM BNAMB MOX/IMBUX MPUYMH
3aHenaay eKCnopTHOro noteHuiany YKpaiHW WASXOM MOAANbLUIOIO PO3BUTKY TEXHOMOTIM BUPOLLYBaHHS, 36epiraHHs
Ta TPaHCNOPTYBAHHS 3epHOBUX KyNbTyp. [pakTMUHa LLIHHICTb OTPUMAHUX Pe3yNLTaTiB NONSaE Y 3MEHLEHHI HEBU3HAYeHOCTi
Ha PUHKY CiNbCbKOroCcnoAapCbKoi NpoayKuii Ans arponpoMMUCIOBUX T 30BHILLIHBOTOPrOBENbHUX YCTAHOB LWASXOM
BPaxyBaHHS HUMU BMNAUBY OCHOBHMX NOKAa3HMKIB BUPOOHMLTBA Ta €KCNOPTY 3€PHOBUX KYNbTYP

KntouoBi cnoBa: ekcnopT 3epHa, EKOHOMIYHWI aHANi3, BPOXKAMHICTb 3epHOBMX KYNbTYpP, MOCIBHA NOLLA, BUPOLLYBAHHS
nweHuL,
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