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» Abstract. In the past decade, from 2012 to 2021, Ukraine has doubled its maize production. The increase in gross corn
yields is associated with the use of modern cultivation technologies by farmers, which increase the resistance of plants
to adverse environmental factors and adjust the mineral nutrition of plants with regard to weather conditions. One of the
most important components of such technologies is the use of mineral fertilisers, the optimal amount of application of
which depends not only on the level of grain yield, but also on the efficiency of production and grain quality. However, the
rapid increase in world natural gas prices during 2021 has created new challenges and threats for the further development
of the grain market in Ukraine. After all, world prices for mineral fertilisers have increased by 110% since 2021, according
to the World Bank. Under these conditions, a radical increase in the cost of mineral fertilisers threatens to ensure the
competitiveness of Ukrainian corn in the domestic and foreign markets, which would eventually lead to higher food
prices and deterioration in the level of food security in the country. This may negatively affect the gross yields and export
potential of the grain industry. The purpose of the study is to assess the current state of supply and demand in the corn
market in Ukraine and predict the consequences of the impact of changes in the cost of mineral fertilisers on the main
parameters of its development according to probable scenarios, using the AGMEMOD econometric partial equilibrium
model for the period up to 2025, which creates prerequisites for improving the efficiency of making and implementing
management decisions and contributes to achieving the goals of national agrarian policy. The following methods
were applied: monographic, abstract and logical, comparative analysis and expert assessments, tabular, statistical and
economic, factor analysis, economic and mathematical modelling. The result of the study is an assessment of the current
state and identification of the main factors influencing supply and demand in the corn market. Using multiple linear
regression, the influence of the main factors on the yield of corn for grain in agricultural enterprises of Ukraine for 2001-2020
is determined. The dynamics of the balance of supply and demand in the corn grain market in Ukraine is analysed. The
consequences of changes in the cost of mineral fertilisers on the main parameters of the corn market development in
Ukraine are predicted according to probable scenarios using the AGMEMOD econometric partial equilibrium model
for the period up to 2025. Based on the calculations made, it is proved that the high yield of corn and the favourable
current price environment for grain will ensure a sufficient level of profitability of this grain crop. Methods for improving
the mechanism of reducing the cost or compensation of expenses for the purchase of mineral fertilisers for commodity
producers are proposed. Methodological and practical aspects of forecasting the consequences of changes in the cost of
mineral fertilisers on the main parameters of corn market development in Ukraine using the AGMEMOD econometric
partial equilibrium model for the period up to 2025 have been further developed. The proposed methodological
approaches and findings can be used by state and industry management bodies in the development of priority areas for
improving the effectiveness of the grain industry in Ukraine
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» Introduction

In recent years, Ukraine has significantly increased
the volume of corn grain production, entering the
group of some of the world’s largest exporting coun-
tries, such as the United States, Argentina, and
Brazil [1]. According to the Ukrainian Business and
Trade Association [2], in 2020, the share of Ukraine
in the world market of corn accounted for more

than 15%, and in terms of revenue received from its
exports, it ranked 4th in the world, selling 27.9 mil-
lion tonnes of grain worth USD 4.9 billion to foreign
markets [3]. This was largely conditioned by the use
of industrial technologies of agricultural produc-
tion, which require, among other things, significant
amounts of mineral fertilisers.

> Suggested Citation: Dibrova, A., & Dibrova, L., Chmil, A., & Dibrova, M. (2022). Forecasting the consequences of the cost
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However, the rapid increase in world natural
gas prices during 2021 has created new challenges
and threats for the further development of the grain
market in Ukraine. Thus, according to the World
Bank, global prices for mineral fertilisers, in the prime
cost of which natural gas accounts for up to 80%,
have increased by 80% in 2021, and by another 30%
in the first quarter of 2022 [4]. All these problems are
aggravated by two factors: a significant amount of
mineral fertilisers (38% nitrogen, 50% phosphorus,
and 80% potash [5]) are the object of purchase and
sale on international markets, and a big part of this
trade comes only from a few countries of the world,
such as the Russian Federation, China, Canada,
the USA, Belarus, Qatar, which have competitive
advantages in the production of fertilisers through
their own production of natural gas, coal, or other
raw materials.

Economic sanctions imposed on Russia and
Belarus for Russia’s full-scale invasion of Ukraine,
and export restrictions on fertilisers imposed by China
and some other countries, pose a threat to further
growth in world prices for mineral fertilisers. Such
an increase in prices, combined with the availability of
mineral fertilisers on the market, can stimulate both
an increase in consumer prices for food and a po-
tential decrease in corn yields for grain. An additional
factor that can potentially influence the price increase
may be a reduction in the gross yield of corn for grain
due to the projected application of less than the
technological need for mineral fertilisers. But the worst
thing is that not only the gross yield will decrease,
but also the quality of Ukrainian grain.

Under these conditions, the issue of forecasting
the consequences of the increase in the cost of min-
eral fertilisers on the further development of the corn
market in Ukraine, ensuring food security and its
competitiveness in the world and domestic markets
is becoming increasingly relevant.

Thus, in the context of rapid growth in prices
for mineral fertilisers, there is an urgent need to in-
troduce a balanced and systematic approach to the
development and implementation of state agricul-
tural policy aimed at balancing the interests of all
participants in the corn market. Achievement of this
goal will largely depend on the effectiveness of the
mechanism for reducing the cost or compensating
the cost of purchasing mineral fertilisers for grain
producers in Ukraine in the face of global challenges.

The issues of developing the grain market,
ensuring competitiveness, economic efficiency of
its production and food and energy security, and
forming the export potential of the grain industry
occupy a major place in scientific research and are
widely represented in the specialised literature. In
particular, A. Skrypnyk, N. Klymenko, K. Tuzhyk,
L. Galaieva and K. Rohoza [6], having analysed the
prerequisites and prospects for stabilising grain
production volumes, determined the impact of
production resources, in particular, mineral fertilisers
and plant protection products, on the efficiency of
winter wheat production. Based on the developed
econometric model of reducing the marginal utility of
production resources, it is proved that maximisation
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of yield is achieved at a lower cost than maximising
profit.

Issues of ensuring the efficiency of grain
production have become relevant in the last
decade among the scientific community. Thus,
S. Cheremisina and V. Rossokha [7] proved that
the decrease in the level of profitability indicator
is conditioned by a significant increase in the costs
of labour, mineral fertilisers and plant protection
products, fuel and lubricants, and an unjustified
increase in other direct and general production
costs. At the same time, a successful solution to
the problem of increasing the economic efficiency
of grain farming involves the implementation of
a comprehensive system of actions to increase
production and improve the quality of grain crops,
while simultaneously reducing labour costs and
material costs per unit of production.

The team of researchers consisting of D. Shiyan,
N. Lialina, and K. Honcharova [8], studying the
influence of the level of dependence of wheat yield
on individual items of expenditure, proved that the
relationship of the latter with the level of costs for
mineral fertilisers and depreciation was the closest.
This means that with an increase in theyield, the share
of these items in the cost structure also increases. All
this develops prerequisites for ensuring the effective
development of grain farming.

Chinese researchers J. Wang and X. Hu [9]
analysed the efficiency of corn grain production and
identified factors influencing its increase in the main
producing and exporting countries in the period
from 2012 to 2019. The researchers concluded that
with the growing cost of production resources in
Argentina, the United States, Ukraine, and other
countries has prompted producers to constantly
improve corn production technologies to increase
its efficiency.

Separately, it is necessary to highlight the study
by S. Bereziuk and I. Zubar [10], who investigated
modern economic and ecological aspects of fertiliser
application in crop production. Based on the analysis,
it is concluded that in recent years, the increase
in grain yields in Ukraine was accompanied by an
increase in the imbalance between the volume of
NPK application (N - Nitrogen, P — Phosphorus,
K - Potassium) and their removal by plants. The
solution of the identified problems is proposed to
be carried out through a system of measures, in
particular, increasing the level of state support for
the production of mineral fertilisers in Ukraine and
scientifically based agricultural technology.

The ecological and economic efficiency of
growing corn for grain was also studied by the au-
thor’s team consisting of O. Stasiv, O. Kachmar,
O. Vavrynovych, E. Arabska [11], who proved that
the complex use of mineral (N, P, K ) and organic
fertilisers contribute to obtaining high productivity
of corn grain with a yield of 6.10-6.87 t/ha of grain
and ensure its high conditional level of profitability
at the level of 72-104%.

The issue of increasing profits from corn exports
to the world market has become relevant among
Ukrainian researchers. In particular, D.Lialko [12],




comprehensively analysed the global corn market
and substantiated the main areas of development of
the domestic market, which would ensure the receipt
of economic benefits by Ukrainian producers.

N. Tanklevska, V. Petrenko, A. Karnaushenko,
K. Melnykova [13] conducted a comprehensive analysis
and identified the main trends in the development
of the world corn market, and based on the calcula-
tions made, substantiated the economic feasibility of
deep processing of corn in Ukraine. I.V. Vashchenko
substantiated the theoretical foundations of the es-
tablishment and operation of the corn market from
the standpoint of the generation of supply and de-
mand, world market conditions, and price fluctuations
in the domestic and foreign markets [14].

A team of Romanian researchers E. Soare,
L.A. Chiurciu, A.V. Bdlan, L. David [15], after analysing
the main indicators of the development of the world
corn market, created forecasts of its development for
the period up to 2025 and identified the main factors
that would have the greatest impact in the future, in
particular, these are natural and climatic conditions
in the main producing and exporting countries.

M. Palamarchuk’s study [16] is devoted to the
assessment of corn competitiveness and factors
influencing its formation in Ukraine. In particular, the
influence of the size of agricultural enterprises on the
efficiency of corn production for grain in Ukraine
is determined. The impact of world prices on the
level of corn competitiveness in Ukraine is assessed
and a system of measures to increase it is proposed.
Among the main areas of increasing competitiveness,
the researcher suggests the use of scientifically
based cultivation technologies, including the optimal
application of mineral fertilisers and the use of high-
yielding corn hybrids of various ripeness groups.

Italian researchers E Santeramo, E. Lamonaca,
E Conto, G. Nardone, A. Stasi [17] have stated that
the determinants of price volatility are a significant
step to preventing the potential negative conse-
quences of uncertainty in the corn grain market. The
authors proposed a new category of drivers of grain
price volatility — endogenous and exogenous, and
also substantiated the potential consequences that
each of them can affect price dynamics.

A team of Ukrainian and foreign research-
ers consisting of A. Nykolyuk, P. Pyvovar, A. Chmil,
M. Bogonos, P. Topolnyckyi, I. Cheban, and T. Fell-
mann [18] analysed the current situation and cre-
ated forecasts for the development of the main ag-
ricultural markets of Ukraine for the period up to
2030 based on the AGMEMOD model. It is concluded
that despite a slight increase in the gross wheat har-
vest, corn will become the dominant grain crop in
Ukraine. The main driving force behind this trend is
adaptation to climate change.

However, despite a significant number of papers
on this issue, there are still a number of issues that re-
quire further study, substantiation, and improvement.
In particular, it is the forecasting of the economic con-
sequences of changes in the cost of mineral fertilisers
on the main parameters of grain market development
in Ukraine using the AGMEMOD econometric partial
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equilibrium model. The purpose of the study is to
analyse supply and demand in the corn market
in Ukraine and develop forecasts of the impact of
changes in the cost of mineral fertilisers on the main
parameters of its development according to probable
scenarios, using the AGMEMOD econometric partial
equilibrium model for the period up to 2025, which
creates prerequisites for increasing the competitiveness
of Ukrainian grain and ensuring food security of the
country.

» Materials and Methods

In the course of the study, the following methods were
used: monographic - to detail the current level of effi-
ciency of corn grain production; abstract and logical -
to formulate conclusions; comparative analysis — to
analyse the state and determine trends in yield, gross
yields, and harvested area of corn for grain in the con-
text of regions of Ukraine; tabular — to summarise and
visually display analytical data and findings; statistical
and economic - to collect and process analytical data
on the main parameters of corn market develop-
ment in Ukraine; factor analysis — to determine the
influence of the main factors on the efficiency of corn
grain production; econometric modelling — to assess
the impact of changes in the cost of mineral fertilisers
on the main parameters of corn market development
in Ukraine.

The initial information during the study was
the data from the Ministry of Economy of Ukraine,
Ministry of Finance of Ukraine, Ministry of Agrarian
Policy and Food of Ukraine, State Statistics Service of
Ukraine, National Bank of Ukraine, the World Bank,
the International Monetary Fund, the US Department
of Agriculture, the Food and Agriculture Organization
of the United Nations (FAO), the Organization for
Economic Cooperation and Development (OECD),
the Joint Research Centre (JRC) of the European Com-
mission, foreign and Ukrainian research papers, as
well as personal research and practical observations
of the authors of this study.

To assess the impact of changes in the cost of
mineral fertilisers on the main parameters of the
corn market development in Ukraine, an economet-
ric dynamic model of partial market equilibrium -
AGMEMOD (Agricultural Member State Modelling) —
was used. This model was developed to analyse the
impact of the Common Agricultural Policy (CAP)
on the development of agriculture in the European
Union countries. The AGMEMOD model as an inte-
grated system combines national partial equilibrium
models for each EU country, possible candidate coun-
tries, and important neighbours. It includes about
50 types of agricultural products (for example, crop
production includes such crops as wheat, corn, bar-
ley, rye, oats, rapeseed, soy, sunflower, sugar beet,
legumes, potatoes, fruits, and vegetables) and more
than 30 countries (including some non-EU coun-
tries, in particular — Ukraine, Turkey, Kazakhstan,
the Russian Federation, North Macedonia) that
which allows assessing the impact of agricultural
policy decisions on agricultural production and pre-
dicting the development of agricultural markets in
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the short, medium, and long term. The AGMEMOD
partnership develops and maintains the model and
is a consortium consisting of universities, research
institutes, and government agencies in Europe and
beyond. The main group of the AGMEMOD partner-
ship islocated in the Netherlands (Wageningen Eco-
nomic Research) and Germany (Thiinen Institute of
Market Analysis).

Each common AGMEMOD model of the country
consists of a system of submodels of the main types
of agricultural products. The variables included in

each submodel represent consecutive positions in
the balance sheet of each agricultural market. Sup-
ply is modelled on initial inventory, production, and
imports, while demand is modelled on domestic
consumption, exports, and final inventory. In each
country, the corresponding domestic prices are also
modelled for each product. A prerequisite for solving
the model is to maintain equality between supply
and demand in each market in each country. Figure 1
illustrates the general structure of the agricultural
market model at the country level.
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Figure 1. Country-level structure of the AGMEMOD model

Source: [19]

Agricultural markets in AGMEMOD are rep-
resented by supply and demand equations, stocks,
international trade, and market prices. They repre-
sent the behavioural responses of economic agents
to changes in prices and external variables, such as
agricultural policy instruments, currency exchange
rates, tariff quotas, etc. The parameters of equations
are usually estimated as time series regressions with
AGMEMOD databases [18].

The model uses a combination of exogenous
and endogenous data to predict the development
parameters of the agricultural market. The values of
exogenous variables are estimated not by the model,
but by other organisations. For example, using the
forecasts of the United States Department of Ag-
riculture (USDA) regarding world prices for major
types of agricultural products.
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Exogenous variables in AGMEMOD at the na-
tional level, such as GDP, GDP deflator, exchange rate,
and population, are not calculated or predicted by the
model. These data and their forecast estimates for
the period up to 2030 were taken from data from the
World Bank, the International Monetary Fund (IMF),
and the United States Department of Agriculture
(USDA). The inclusion of exogenous variables in the
model allows for better visualisation of the processes
and relationships in agricultural production. At the
same time, each of the exogenous variables affects
the variables that are estimated by the AGMEMOD
model [20].

The model for grain crops develops forecasts
of harvested area, yield per hectare, gross yield as a
product of harvested area and yield, domestic con-
sumption, import and export volumes, stocks, and




domestic market price [21]. Submodels of certain
types of agricultural products are closely related to
each other. For example, crop production models
are linked to livestock production models using live-
stock production cost indices, which are functions
of grain, oilseeds, and oil cake.

The regression equation for modelling the
main parameters of the corn market in Ukraine in
the AGMEMOD model was developed by Ukrainian
and foreign researchers for “Agricultural markets in
Ukraine: current situation and market outlook until
2030” [18].

For this study, the model uses data from the State
Statistics Service of Ukraine from 2000 to 2019 [22; 23].
To conduct the analysis, a panel database was cre-
ated, based on which the linear regression equation
was evaluated in the R software version 4.0.2. To es-
timate regression in R, the = “pooling” model is used,
this is when the same weight is given to relationships
between years and between regions.

The estimated equations are entered in one
of the main model files, which is responsible for the
equations. In the model, the gross grain harvest is
defined as the product of the average yield and the
harvested area of corn. The distribution of agricul-
tural land between different grain crops is based on
the group substitution approach and is expressed in
proportions. The substitute product for corn in the
model is wheat.

Equations that reflect the specific weight of
acreage of specific grain crops in these groups include
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the gross income variable, which serves as an indi-
cator of the level of profitability of their production
and, thus, plays an important role in determining
replacement coefficients.

Behavioural functions for grain acreage esti-
mated from panel data are entered into the AGME-
MOD model along with the multiplication factor. This
coefficient represents the number of administrative
regions and allows adjusting the average values per
region obtained by regressions of panel data to the
level of the entire country, as required by the model.
Per capita consumption, feed use, losses, non-food
processing, domestic market prices, export, import
volumes, and changes in corn stocks were estimated
based on time series data using the least squares method.

The coefficient of determination, which de-
termines the proportion of variation in one of the
variables that is explained by variation in other vari-
ables, was R?>=0.0861. This indicates that the regres-
sion equation only 8.61% of the variation of the ef-
fective feature is conditioned upon the variation of
the independent (factor) feature. However, for such
complex models with limited databases, the value of
the coefficient of determination may be sufficient to
assess its validity.

p — the value of the regression equation
amounting to 0.00199. This means that in the regres-
sion model all variables were statistically significant
because value is less than 0.05. All other results of re-
gression estimation using the R packages are shown
in Figure 2.
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Figure 2. Results of regression estimation using R packages

Source: calculated by the author based on [18]

Equations for modelling and forecasting the
main parameters of supply and demand in the corn
market in Ukraine:

1. The area from which corn is harvested for grain,
thsd. ha. (equation (1)):

COAHAUA=COASHUA*GRAHAUA (1)
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2. Corn yield, tonne per 1 hectare (equation (2)):

COYHAUA = 1.1475+1.0745*TRENDO08+0.1421*COEGUUA 2)
3. Gross corn yield, thsd. t. (equation (3)):
COSPRUA=COYHAUA*COAHAUA 3)
4. Corn import volume, thsd. t. (equation (4)):
COSMTUA =21.86825 + 0.1017958 * COPFNU (4)
5. Corn export volume, thsd. t. (equation (5)):
SOUXTUA = COSPRUA+COCCTUA (-1) + COSMTUA-COUDCUA-COCCTUA (5)
6. Domestic consumption, thsd. t. (equation (6)):
COUDCUA=COUFOUA+COUFEUA+COUDLUA (6)
7. Final residues, thsd. t. (equation (7)):
COCCTUA = -507 + 0.4560418*COSSRUA + 116.0461 *(COPFNUA/COPMDUS* EXRDUA) (7)
8. Feed usage, thsd. t. (equation (8)):
COUFEUA = 992.2123 -33.98611*COPFNUA/GDPDUA + 3.365268*(PKSPRUA+POSPRUA) (8)
9. Use for food purposes, thsd. t. (equation (9)):
COUFDUA=COUPCUA*POPUA 9
10. Use for sowing, thsd. t. (equation (10)):
COUFSUA=0.01*COAHAUA (10)
11. Processing for non-food purposes, thsd. t. (equation (11)):
COUOTUA=COXFAUA+COUDPUA (11)

12. Share of corn in the total grain area, % (equation (12)):
COASHUA = 0.52579+0.02256*TRENDO08+0.01231*COEGUUA-0.01597*WSPFNUA(-1)/GDPDUA(-1)) (12)
13. Profitability of corn production, thousand UAH (equation (13)):

COEGUUA=COPFNUA(-1)/{GDPDUA(-1)-COCGUUA/GDPDUA (13)
Designation: GDPDUA - GDP deflator;
COAHAUA - the area from which corn is harvested GDPDUA (-1) — GDP deflator of the previous period;
for grain; TRENDO08 - logarithmic trend;

COASHUA - share of corn in the total grain area; COPMDUS -FOB corn import price, USD;

GRAHAUA - total grain area;

COYHAUA - corn yield;

COEGUUA - corn profitability;

COCGUUA - corn production costs per 1 ha of

PKSPRUA - pork production volume;
POSPRUA - chicken production volume;
COXFAUA - other factory uses;

POPUA -population of Ukraine;

acreage;
COSPRUA - gross corn yield;
COSMTUA - corn import volume;
SOUXTUA - corn export volume;
COPFNUA - price of 1 tonne of corn;
COUDCUA - volume of domestic consumption;
COCCTUA - final leftovers;
COUFEUA - use for feed;
COUDLUA - losses;
COUFDUA - use for food purposes;
COUEFSUA - use for sowing;
COUOTUA - processing for non-food purposes;
WSPFNUA (-1) — price of wheat in the previous
period, as a substitute product of corn;

EXRDUA - the exchange rate of USD to UAH.

» Results and Discussion

Since 2016, there is an increase in acreage and gross
corn yields in Ukraine. In particular, the average
harvest of corn for grain in Ukraine in 2016-2020
amounted to 30,943.0 thsd. tonnes, which increased
more than 5 times compared to 2001-2005. The in-
crease in gross corn yields occurred both due to a
1.78-fold increase in yield and due to an increase in
harvested areas by more than 2.8 times. On average,
in 2016-2020, the harvested area of corn for grain in
Ukraine was 4,735.2 thsd. ha. with an average yield
of 65.5 c/ha (Table 1).
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Table 1. Dynamics of gross yields, harvested areas, and yields of grain corn in Ukraine

. 2016-2020
Indicators 2001-2005 2006-2010 2011-2015 2016-2020 t6 2001-2005
Gross yield, thsd. t. 6,145.9 9,546.6 25,314.6 30,943.0 503.5
Harvested areas,
thsd. ha. 1,651.9 2,160.0 4,290.6 4,735.2 286.7
Yield, c/ha 36.8 43.7 59.0 65.5 178.0

Source: calculated based on: [22, p. 73-75]

At the same time, in 2021 in Ukraine, the
gross yield and yield of corn for grain amounted to
42,109.9 thsd. t. and 76.8 c/ha, which, respectively,
is 136.1% and 116.9% higher than the average values
for 2016-2020 [22].

As evidenced by the data in Table 2, in the central
region (Vinnytsia, Kirovohrad, Dnipropetrovsk, Poltava,
and Cherkasy oblasts), the gross yield of corn grain in
2021, compared to 2018, increased from 15,640.6 thsd. t.
to 16,334.3 thsd. t. or by 104.4% mainly due to the ex-
pansion of the harvested area by 106.8%, as the grain
yield decreased by 1.1%. The share of the central region

in the gross grain yield of Ukraine for the period under
study decreased from 43.7% to 38.8%.

But in 2021, compared to 2018, the share of
the northern region (Kyiv, Zhytomyr, Sumy, and
Chernihiv oblasts) in the gross yield of corn grain
in Ukraine decreased from 32.0% to 31.4%, and
the western region (Volyn, Zakarpattia, Lviv, Iva-
no-Frankivsk, Rivne, Ternopil, Khmelnitskyi, Cher-
nivtsi oblasts), respectively, increased from 14.4%
to 19.9%. At the same time, gross yields in the west-
ernregion in the period from 2018 to 2021 increased
by 162.5%.

Table 2. Gross yield, harvested area, and yield of corn for grain by regions of Ukraine, 2018-2021

Oblast 2018 2019 2020 2021 2020 to 2018, %
Gross yield, thsd. t.
Ukraine, incl.: 35,801.1 35,880.1 30,290.3 42,109.9 117.6
North 11,453.6 11,689.8 11,355.8 13,232.6 115.5
Centre 15,640.6 15,336.9 9,410.9 16,334.3 104.4
West 5,159.6 5,197.1 6,472.5 8,383.9 162.5
South 1,709.8 1,681.7 1,274.2 2,284.3 133.6
East 1,837.5 1,974.6 1,776.9 1,874.8 102.0
Harvested area, thsd. ha.
Ukraine, incl.: 4,564.2 4,986.9 5,392.1 5,481.8 120.1
North 1,233.6 1,442.3 1,631.7 1,647.5 133.6
Centre 2,024.9 2,187.6 2,263.1 2,162.6 106.8
West 589.3 625.4 762.1 918.2 155.8
South 336.0 335.4 333.8 354.7 105.6
East 380.4 396.2 401.4 398.8 104.8
Yield, c/ha
Ukraine, incl.: 78.4 71.9 56.2 76.8 98.0
North 92.8 81.6 67.7 80.6 86.9
Centre 75.5 69.0 38.8 74.7 98.9
West 82.8 78.8 80.1 84.3 101.8
South 51.4 56.5 48.2 69.8 135.8
East 40.1 45.1 36.4 40.9 102.0

Source: calculated and compiled based on [22]

Note: (North — Kyiv, Zhytomyr, Sumy, and Chernihiv oblasts; Centre —Vinnytsia, Kirovohrad, Dnipropetrovsk, Poltava, and
Cherkasy oblasts; West — Volyn, Zakarpattia, Lviv, Ivano-Frankivsk, Rivne, Ternopil, Khmelnytskyi, and Chernivtsi oblasts;
South — Odesa, Mykolaiv, Kherson, and Zaporizhzhia oblasts; East — Kharkiv, Luhansk, and Donetsk oblasts)
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The analysis shows that during the period un-
der study, the most significant expansion of the har-
vested area of corn for grain occurred in the west-
ern and northern regions by 155.8% and 133.6%,
respectively. The yield of corn in these regions for
the period under study exceeds the average values
in Ukraine. The analysis allows for the conclusion
that during the period from 2018 to 2021, the corn
belt expanded to the north and west of Ukraine.
Such an extension is primarily associated with a lack
of moisture, especially during the growing season of
corn in the south-eastern regions of Ukraine.

Under these conditions, a significant task is
to solve the problem of increasing the efficiency of
using mineral fertilisers, which, along with ensuring
an increase in the gross yield of corn grain, should
help preserve soil fertility and have a high level of
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payback. Difficulties often arise when solving these
problems, primarily due to the rapid increase in prices
for mineral fertilisers.

According to the State Statistics Service of
Ukraine [22], in the structure of corn production for
grain in Ukraine in 2018-2020, the share of agricultural
enterprises was 73.8%, farming enterprises — 12.2%,
and private households — 14.0% of the total volume.
This distribution is conditioned by the fact that
large and medium-sized agricultural enterprises are
mainly focused on the export of corn, the production
of which has a high marginality and, accordingly, re-
quires significant costs per 1 hectare of crops. At the
same time, in the structure of corn production costs
of agricultural enterprises in Ukraine for 2018-2020,
the key element of intensification were mineral fer-
tilisers (Table 3).

Table 3. Costs of corn production for grain in agricultural enterprises of Ukraine per 1 ha of sown area

2018 2019 2020
Items of expenditure
UAH % UAH % UAH %
Direct material costs, including: 9,365.2 50.3 9,476.5 51.5 7,816.3 48.2
seeds and planting material 2,546.5 13.7 2,505.4 13.6 2,114.4 13.0
mineral fertilisers 2,814.0 15.1 3,185.3 17.3 2,498.5 15.4
fuel and lubricants 1,731.2 9.3 1,638.9 8.9 1,214.5 7.5
other costs 2,273.4 12.2 2,146.9 11.7 1,988.9 12.3
Labour costs, (%) 810.6 4.4 877.3 4.8 899.4 5.5
Other direct expenses and general 8,431.5 45.3 8,037.4 43.7 7,516.1 463
production expenses, incl.:
deductions for social 179.3 1.0 195.7 1.1 197.4 1.2
measures
depreciation 1,088.3 5.8 1,288.9 7.0 1,426.3 8.8
payment for third-party 2,583.0 13.9 2,276.0 12.4 1,836.6 11.3
organisations
other direct and 4,580.9 24.6 4,276.9 23.3 4,055.8 25.0
general production costs
Total expenses 18,607.3 100.0 18,391.3 100.0 16,231.8 100.0

Source: calculated based on [24]

In particular, one of the most significant items
in the structure of the cost of corn production for
grain is the cost of mineral fertilisers, the share of
which for 2018-2020 was in the range from 15.1%
to 17.3%, or in absolute terms from UAH 2,814 in

2018 to UAH 2,498. 5 in 2020 per 1 ha of crops. At
the same time, the share of fertilised corn acreage
for grain during the period under study tends to in-
crease, in particular, from 94.7% in 2018 to 95.6% in
2020 (Table 4).

Table 4. Volumes of mineral fertilisers applied for corn for grain in agricultural enterprises of Ukraine

2018 2019 2020 2020 to 2018, %
Share of fertilised area, % 94.7 95.0 95.6 101.0 p.p.*
Volume of mlner.al fertl!lsers applied, 482.5 598 659.9 136.8
thsd. t. (in nutrients)
Cost of purcha.se.d mineral fertilisers, 4,074.6 4762.7 4,429.3 108.7
million UAH
Volume of mineral fertilisers applied per 147 145 172 117.0
1 hectare of sown area, kg

Note: * percentage point
Source: [25; 26]
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The amount of mineral fertilisers applied when
growing corn for grain in agricultural enterprises of
Ukraine in 2020 increased from 482.5 thsd. t.in 2018
to 659 thsd. t. (in nutrients) in 2020, or by 136.8%.
Per 1 ha of sown area, the volume of fertilisers ap-
plied also tends to grow from 147 kgin 2018 to 172 kg
in 2020, or by 117%, over the period under study. Ac-
cording to the results of 2021, the volume of mineral
fertilisers applied during corn cultivation increased
to 683 thsd. t. (in nutrients), and per 1 ha—amounted
to 171 kg, which is 1 kg less compared to 2020 [25].

In general, as evidenced by the data in Ta-
ble 4, agricultural enterprises of Ukraine annually
from 2018 to 2020 purchased mineral fertilisers for
growing corn for grain in the amount of more than
UAH 4 billion per year. Under these conditions, it is
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important to determine from a scientific and prac-
tical standpoint how increasing the volume of min-
eral fertiliser application affects the yield of corn for
grain in agricultural enterprises of Ukraine. Since
the value of economic variables is usually deter-
mined not by one, but by several factors, multiple
linear regression is used to measure their quantitative
impact on performance.

The proposed model is based on the influence
of the following factors on the yield of corn for grain (y),
in particular, the share of the fertilised area with min-
eral fertilisers, the volume of application of mineral
and organic fertilisers per 1 hectare of crops, and the
level of profitability of production of this grain crop
in agricultural enterprises of Ukraine for the period
from 2001 to 2020 (Table 5).

Table 5. Source data for correlation and regression analysis of the influence of factors on the yield of corn
for grain in agricultural enterprises of Ukraine

Share of the fertilised Volume of fertiliser application Level of profitability
Year Yield, c/ha area with mineral per 1 hectare of sown area, kg (unprofitability), %
fertilisers, %
Mineral Organic
2001 26.9 32.0 27 887.6 38.0
2002 32.7 42.4 39 922.7 25.6
2003 32.3 42.3 34 778.2 50.3
2004 37.6 56.6 52 630.3 12.7
2005 45.9 59.0 65 660.8 -6.30
2006 38.1 71.7 68 729.5 10.9
2007 41.9 77.9 87 764.0 47.9
2008 49.5 84.4 99 932.0 10.6
2009 54.6 73.6 81 1,179.7 21.5
2010 47.0 81.0 92 749.0 29.9
2011 68.6 83.1 93 649.0 38.6
2012 51.5 86.5 96 612.3 19.8
2013 68.1 90.2 115 677.7 1.50
2014 66.6 89.8 113 683.3 26.2
2015 61.1 89.7 112 762.4 50.3
2016 72.4 93.6 130 725.6 45.7
2017 59.5 93.6 143 744.5 23.7
2018 87.0 94.7 147 834.0 67.6
2019 7.9 95.0 145 798.0 38.9
2020 60.9 95.6 172 785.0 42.2

Source: [22; 24; 26]

Using the source data of Table 4 and the MS Office
Excel-2010 software suite, the following regression
equation was obtained:
y=4.72831+0.41008x +0.14641x,+0.00037x,+0.11970x,
where y—yield of corn for grain in agricultural enter-
prises of Ukraine, c/ha; x, —share of the fertilised area

with mineral fertilisers,%; x, — the volume of applica-
tion of mineral fertilisers per 1 ha of sown area, kg;
x, — the volume of application of organic fertilisers
per 1 ha of sown area, kg; x, —level of profitability, %.

This equation shows that the greatest influences
of all four factors on the performance indicator have:
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1) the share of the fertilised area of crops - if the
weight of the indicator increases by 1%, the yield of
corn for grain will increase by 0.41 c/ha;

2) the volume of application of mineral fertilisers —
if this factor increases by 1 kg per unit of sown area,
the yield will increase by 0.14 c/ha;

3) the level of profitability — if the weight of the
indicator of the level of profitability increases by 1%,
the yield of corn for grain will increase by 0.12 c/ha.

The results of the regression equation showed
that the volume of organic fertiliser application (x,)
does not significantly affect the increase in yield due
to small amounts of application. In particular, if this
factor is increased by 1 kg per unit of sown area, the
yield will increase by only 0.00037 c/ha.

The multiple correlation coefficient is 0.87429,
which indicates that there is a close correlation be-
tween the estimated level of the yield of corn for grain
and the linear combination of the above parameters.
Coefficient of determination R?=0.76438, indicates
that regression explains 76.4% of the variance in the

value of corn yield generation for grain in agricultural
enterprises of Ukraine.

Thus, the analysis showed that the yield of corn
for grain has a close and direct correlation with the
volume of mineral fertilisers applied per 1 hectare of
crops. Therefore, further increase in the effectiveness
of grain production would also largely depend on the
application of optimal volumes of mineral fertilisers
in accordance with agrotechnological requirements
and the region of their use.

If the gross yield of corn in Ukraine has increased
significantly since 2016 (Table 1), then domestic con-
sumption remains fairly stable. Therefore, changes in
the gross yield of corn are not critical from the stand-
point of ensuring domestic consumption, since if in
2010 its share was 52.8%, then in 2020 it decreased to
21.5%. On average, about 6.0 million tonnes of corn
are used for feed purposes per year, while in relative
terms — there is a tendency to decrease. In particular, if
in 2010 the share of feed costs to production volumes
was 44.8%, then in 2020 it decreased to 18.9% (Table 6).

Table 6. Dynamics of corn balance in Ukraine, thsd. t.

2010 2018 2019 2020
Production 11,953 35,801 35,880 30,290
Inventory changes (at the end of the year) 997 6,580 -4,076 -4,821
Import 30 41 36 25
Total resources 12,980 29,262 39,992 35,136
Export 4,057 21,440 32,346 27,916
Feed costs 5,359 6,318 6,018 5,735
Sowing costs 155 151 199 197
Losses 469 641 642 500
Processing for non-food purposes 831 545 628 632
Consumption fund 117 167 159 156
domestic consumption/production 52.8% 19.6% 19.0% 21.5%
feed/production costs 44.8% 17.6% 16.8% 18.9%
export/production 33.9% 59.9% 90.2% 92.2%

Source: [23, p. 38]

The analysis shows that the domestic market
is not able to meet the demand for existing volumes
of corn grain production. Therefore, according to
V. Rozhko, “... the growth of corn grain production in
Ukraine is accompanied by an increase in its export
opportunities, while domestic consumption remains

relatively stable” [27]. Over the past decade, Ukraine
has significantly increased the volume of corn grain
exports. In 2021, 24.7 million tonnes of Ukrainian grain
were exported to foreign markets, which accounted
for 48.6% of grain exports from Ukraine and is 6 times
higher than the corresponding indicator in 2010 (Table 7).

Table 7. Dynamics of volumes, prices, and revenue from grain exports from Ukraine

Total grain Incl. corn
Year Export volumes, | Exportrevenue, | Exportvolumes, | Weighted average | Export revenue,
million tonnes billion USD million tonnes | export price, USD billion USD
2010 13.9 2.40 4.05 194 0.79
2011 14.1 3.60 7.80 254 1.98
2012 27.08 6.98 15.60 249 3.88
Ekonomika APK. 2022. Vol. 29, No. 3
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Table 7, Continied

Total grain Incl. corn
Year Export volumes, | Exportrevenue, | Exportvolumes, | Weighted average | Export revenue,
million tonnes billion USD million tonnes | export price, USD billion USD
2013 27.07 6.36 16.70 229 3.82
2014 32.5 6.48 17.50 191 3.34
2015 37.4 6.05 19.04 158 3.01
2016 40.2 6.08 17.29 153 2.65
2017 41.9 6.50 19.30 154 2.97
2018 42.9 7.24 21.40 164 3.50
2019 57.9 9.60 32.30 161 5.21
2020 52.2 9.55 27.92 175 4.88
2021 50.8 12.35 24.70 239 5.89

Source: [28; 29]

Despite the fact that in 2021 the physical vol-
ume of corn exports from Ukraine is slightly lower
compared to 2019 and 2020, however, foreign ex-
change earnings from grain sales to foreign markets
amounted to USD 5.89 billion. This is an absolute
record for Ukraine in its entire history.

According to APK-Inform, in 2021, China occu-
pies the largest share in the geographical structure of
corn exports — 36.0% (8.5 million tonnes), the Nether-
lands-11.0% (2.5 million tonnes), Egypt—10% (2.4 mil-
lion tonnes), and Spain — 8% (2.0 million tonnes) [27].
Difficulties in logistics and transportation caused by

350

USD per tonne

Corn (Sole proprietor, Ukraine)

the coronavirus epidemic, which created obstacles
in the supply chains of grain, contributed to an in-
crease in demand for it from the main traditional im-
porters, in particular China. In addition, due to the
poor corn harvest in major producing and export-
ing countries, the revision of US stocks, uncertainty
and instability in the world related to COVID-19,
exchange rate fluctuations, and the situation in the
oil market contributed to increased price volatility
in the global grain market. The current situation has
led to a trend toward further growth in prices for corn
grain, which began in May 2020 (Fig. 3).

y=0.1273x2-3.918x+202.32
R>=0.8461

====Corn (CPT, Gulf of Mexico USA)

-------- Polynomal (Corn (Sole proprietor, Ukraine))

Figure 3. Dynamics of average monthly prices for corn grain,
USD per tonne

Source: calculated and compiled based on [30]

The equation of the aligned dynamic series of
average monthly prices for corn grain (Sole proprietor
Ukraine) for 2018-2021 is a second-order polynomial
trend, which is also called a quadratic trend:
y=0.1273x%-3.918x+202.32

The coefficient of determination is R>=0.8461,
which indicates a high reliability of the function,
because it shows how close the trend is to the data

series (Fig. 3). As shown in Figure 3, “... export prices
for corn grain (Sole proprietor Ukraine) are closely
dependent on the dynamics of world prices and, to
a lesser extent, on internal factors. Ukrainian export
prices for grain are formed on the US market (on
the Chicago Mercantile Exchange, CME), which is
considered the world’s largest producer and exporter
of this product” [31, p. 20].
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In Figure 4, based on the dynamics of the aver-
age monthly global spot price of corn (USA, Gulf of
Mexico) and prices in Ukraine based on FOB from
January 2019 to December 2021, their volatility is
calculated as a percentage of changes compared to
prices from month to month.

The analysis showed that fluctuations in the
average monthly price changes in USD. The US dollar
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peaked in 2019 compared to the previous month from
-22.1% to +16.9%, in 2020 — from -12.7% to +21.9%,
in 2021 - from -12.9% to +18.8%. On the FOB basis
for Ukraine, price fluctuations ranged from -14.0%
to +6.2% in 2019 compared to the previous month,
from -2.3% to +15.4% in 2020, and from -6.5% to
+8.5% in 2021.

—@—Corn (Sole proprietor, Ukraine) «*® <+ Corn (CPT, Gulf of Mexico USA)

Figure 4. Corn grain price volatility in Ukraine on Sole proprietor and global market terms (CPT, Gulf of Mexico, USA)
for 2019-2021

Source: calculated based on [30]

Usually, price volatility increased during the sow-
ing campaign is quite high during the growing season,
and any information about the weather and gross yield
forecast affects forward corn prices. As a rule, volatility
begins to decline in September, when the expected

harvest becomes clear [31]. However, in September 2020,
unlike in previous years, price volatility significantly
increased in the corn grain market. Corn price volatility
in Ukraine is estimated using the standard deviation of
average monthly prices during 2019-2021 (Table 8).

Table 8. Standard deviation of monthly average Sole proprietor price
of corn in Ukraine

2019 2020 2021
Average annual FOB price of corn grain (Ukraine), USD per tonne 1771 193.1 274 8
Standard deviation interval of the average monthly corn price
on Sole proprietor terms (Ukraine):
- USD per tonne 9.5 23.2 13.3
- % 5.4 12.0 4.9

Source: calculated based on [30]

Calculations showed that in average annual
terms, the monthly volatility of corn grain Sole propri-
etor prices in Ukraine was the highest in 2020 and
amounted to 12% (or USD 23.2 per tonne). At the
same time, the average annual price in 2021, compared
to 2019, increased by almost USD 100 per tonne, or
1.6 times.

As evidenced by foreign and domestic experi-
ence, price volatility is a common phenomenon for
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commodity markets. At the same time, significant price
fluctuations pose a threat to economic entities. A
sharp increase in prices for agri-food products can
potentially both negatively affect the provision of
food security for the population, and limit the indi-
cators of economic efficiency of production in those
industries that use agricultural raw materials as input
resources [32, p. 1]. According to the Food and Ag-
riculture Organization of the United Nations (FAO),




global food prices reached a ten-year high in Sep-
tember 2021. In particular, the FAO Food Price Index
it showed that they grew by 32.8% over the year. At
the same time, at the end of 2021, the average value
of the FAO grain price index was 131.2 points, which
is 28.0 points (27.2%) higher than in 2020 and is the
highest annual average since 2012. And the average
prices for corn in 2021, compared to 2020, increased
by 44.1%, which is primarily conditioned by an in-
crease in demand and limited supply from the main
grain exporters [33].

The increase in corn prices in Ukraine provoked
an increase in mixed feed prices by 40-45% in 2020
compared to 2019. According to the Association “Union
of poultry breeders of Ukraine”, “Pig breeders of
Ukraine” and “Union of feed producers of Ukraine”,
starting from October 2020, the production of certain
types of livestock products in Ukraine has become
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unprofitable. In particular, the level of profitability
(unprofitability) of poultry meat was minus 12%,
eggs —minus 17%, and pork — minus 3%. Such a situ-
ation may negatively affect the further development
of the livestock industry in Ukraine, in particular, re-
duction of livestock and poultry with all the negative
social consequences [34].

Moreover, the rapid increase in world prices
for natural gas in 2021 provoked an increase in prices
for mineral fertilisers, because it is natural gas that
accounts for up to 80% of the cost of fertiliser pro-
duction. According to the World Bank, prices for min-
eral fertilisers increased by an average of 80% during
2021. In the first quarter of 2022, prices increased by
almost 30% [4]. As the data in Figure 5 show, carba-
mide prices in March 2022 exceeded the maximum
values of 2008, while prices for phosphates and po-
tassium are heading towards the level of 2008.
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Figure 5. Dynamics of world prices for mineral fertilisers, USD per tonne

Source: compiled based on [4, p. 43]

Further growth in world prices for mineral fer-
tilisers in 2022 is conditioned by the introduction of
economic sanctions against Russia and Belarus for
Russia’s full-scale invasion of Ukraine, and due to export
restrictions on the export of fertilisers imposed by
China [4].

According to the newspaper “Uryadovy Kuryer”,
in Ukraine ammonium nitrate (nitrogen fertilisers),
the most popular Ukrainian fertiliser, in Febru-
ary-March 2021 cost UAH 9 thousand per tonne with
delivery, then in February 2022 — more than twice as
expensive:UAH 18-19 thousand per tonne. Carbam-
ide (concentrated nitrogen fertilisers) with delivery
as of February 2022 was sold at UAH 27.7 thousand
per tonne, or almost three times more expensive
than at the beginning of the year. Prices for imported
products are higher by another 2-3 thousand UAH
per tonne [35].

In turn, the increase in prices for mineral fertilisers
will affect the cost of corn production for grain. Ac-
cording to the calculations of the Institute of Agrar-
ian Economics, the production cost of agricultural

products may increase by 10-12% due to the rise
in the price of fertilisers. Small and medium-sized,
family-owned farms with small land areas — up to
400-500 hectares and insignificant working capital
for the purchase of fertilisers — will be the first to suf-
fer. Therefore, farmers will be forced to reduce the
use of fertilisers, since the additional effect of their
use does not compensate for the purchase costs [34].

Thus, from a scientific and practical stand-
point, it is important to determine the economic
consequences of the impact of changes in the cost of
mineral fertilisers on the effectiveness of corn pro-
duction and export from Ukraine. Such calculations
can only be estimated since there is not enough in-
formation for analytical calculations. In particular,
some agricultural producers were able to buy min-
eral fertilisers earlier, some are buying now, and the
other part is saving for spring in the hope of reducing
market prices or compensating expenses from the
state budget.

To assess the impact of changes in the cost of
mineral fertilisers on the efficiency of corn production
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and export, in particular - yield, gross yield, harvested
areas, and the main parameters of corn supply and
demand formation in Ukraine, an econometric dy-
namic model of partial market equilibrium was used —
AGMEMOD.

As is known from economic theory, the markets
of agricultural products and factors of production
are closely related and influence each other. For ex-
ample, an increase in the volume of gross grain har-
vesting leads to an increase in demand for mineral
fertilisers. Such an increase stimulates an increase
in domestic prices for these fertilisers, which in turn
affects market prices for cereals [36-38].

To assess the impact of factors of production
on the development of the corn market, the AGMEMOD
model includes the costs of its production, in par-
ticular: rent for property and land, labour remuner-
ation, fuel and lubricants, seeds, mineral fertilisers
in the calculation per 1 hectare of harvested area for
the period from 2000 to 2019:

COCGUUA= RP+R +S+SPM +FL+MF*K ~ (14)

where COCGUUA - corn production costs per 1 ha
of acreage; RP — rent for property per 1 ha, UAH; R -
rent for 1 ha of agricultural land, UAH; S —labour costs
per 1 ha, UAH; SPM - expenses for seeds and plant-
ing material per 1 ha, UAH; FL - fuel and lubricants
costs per 1 ha, UAH; MF - costs of mineral fertilisers
per 1 ha, UAH; K_- coefficient of change in mineral
fertiliser costs.

The authors of this study suggest that the in-
fluence of the cost of mineral fertilisers on the effec-
tiveness and export of corn is carried out through
changes in their costs per 1 ha of crops. To assess the

impact of changes in the cost of mineral fertilisers
on the performance of corn production and export,
4 scenarios were modelled.

Baseline scenario — it is expected that the cost of
mineral fertilisers per 1 ha would be determined in
2019 prices.Scenarios “+50%”,“+75%”, and “+100%” —
provide that the cost of mineral fertilisers per 1 ha
would grow by 50%, 75%, and 100%, respectively,
compared to the baseline scenario. To introduce
scenarios into the model, the coefficient of change
in the cost of mineral fertilisers (K ) (equation 14).
For scenarios “+50%”", “+75%", and “+100%” K it would
be 1.5, 1.75, and 2.0, respectively.

As evidenced by the data in Table 9, the sim-
ulation results confirm that domestic consump-
tion will remain stable at 8,304 million tonnes in all
possible scenarios. This is primarily conditioned by
problems in the development of the livestock indus-
try in Ukraine. After all, the share of feed costs in do-
mestic corn consumption in Ukraine over the past
10 years, according to the State Statistics Service of
Ukraine [25], was about 77%. According to the sim-
ulation results, an increase in the cost of mineral
fertilisers compared to the baseline scenario would
lead to a decrease in gross yields and corn exports
from Ukraine. In particular, the gross yield of corn
grain in Ukraine, according to the likely scenarios of
increasing the cost of mineral fertilisers, compared
to the baseline scenario of 2020 by 50%, 75%, and
100%, will decrease by 3,037 thsd. tonnes, 4,474 thsd.
tonnes, and 5,875 thsd. tonnes, respectively. At the
same time, export volumes under the above-men-
tioned scenarios will decrease by 2,898 thsd. tonnes,
4,269 thsd. tonnes, or 5,606 thsd. tonnes, respectively.

Table 9. Modelling of scenarios of the impact of changes in the cost of mineral fertilisers on production
efficiency and the main parameters of the corn balance in Ukraine using the model AGMEMOD

. . Scenarios for changes in the cost of mineral fertilisers
Basehr;%;genarlo to the baseline scenario of 2020
“+50%” “+75%” “+100%”
Average yield, t/ha 5.54 5.30 5.18 5.06
Harvested area, thsd. ha. 5,954 5,653 5,508 5,362
Share of ;‘;;?nigrglgsf‘j;al area of 39.9 39.4 38.4 37.4
Gross yield, thsd. t. 32,997 29,960 28,523 27,122
Import, thsd. t. 58.4 58.4 58.4 58.4
Changgfl?hlen;’g;‘;otmgf the end -35.0 -35.1 -35.1 35.1
Total resources 33,090 30,053 28,617 27,215
Export, thsd. t. 22,839 19,941 18,570 17,233
Feed costs, thsd. t. 7,600 7,600 7,600 7,600
Sowing costs, thsd. t. 59.5 56.5 55.1 53.6
Losses, thsd. t. 1,473 1,338 1,274 1,211
Pro;isrigfefsrtﬁsiio‘)d 354 354 354 354
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Table 9, Continued

. . Scenarios for changes in the cost of mineral fertilisers
Basehr;t(a);genarlo to the baseline scenario of 2020
“+50%” “+75%” “+100%”
Consumption fund, thsd. t. 349 349 349 349
Other uses, thsd. t. 414 414 414 414
Total resources 33,090 30,053 28,617 27,215

Domestic consumption 8,304 8,304 8,304 8,304
domes;ir"o‘é?ﬁ}ﬁpﬂon/ 25.2 27.7 29.1 30.6
feed/production costs 23.0 25.4 26.6 28.0
export/production 69.2 66.6 65.1 63.5

Source: calculated by the author based on [22; 25]

Thus, the results of the modelling allowed
quantifying the impact of changes in the cost of
mineral fertilisers under probable scenarios on the
performance indicators of corn production and ex-
port from Ukraine. Table 10 shows the obtained rel-
ative values of the impact of changes in the cost of
mineral fertilisers on the average yield, harvesting
areas, gross yields, and corn exports relative to the
baseline scenario. For example, if the cost of mineral

fertilisers increases by 100% compared to the base-
line scenario of 2020, this would lead to a decrease
in the gross yield of corn for grain by 17.8% and
its exports from Ukraine by 24.5%. Under these
conditions, if not for the high gross yields of corn
and favourable prices for it, it would be possible
to predict a gradual rejection of its cultivation in
favour of other more profitable crops, in particular
soybeans.

Table 10. Impact of changes in the cost of mineral fertilisers on the performance
of corn production and export from Ukraine in comparison with the baseline scenario, %

Scenarios for changes in the cost of mineral fertilisers
. to prices in 2020
Indicators
“+50%” “+75%” “+100%”
Average yield, % -4.3 -6.5 -8.7
Harvested area, % -5.1 -7.5 -9.9
Gross yield, % -9.2 -13.6 -17.8
Export -12.7 -18.7 -24.5

Source: calculated by the author

To ensure profitability at the level of previous
years, producers will also have to review technolog-
ical operations, deliberately reducing productivity
per hectare in favour of ensuring economic efficiency.
Calculations show that from an economic standpoint,
it is better for producers to save on expensive min-
eral fertilisers and get a yield of 4 tonnes of corn per
hectare, providing themselves with USD 200. By dou-
bling the yield to 8 tonnes per hectare in compliance

with intensive agricultural technologies, it is possible
to get a financial result of USD 250 per hectare.

Using the AGMEMOD model, a forecast of the
medium-term consequences of the increase in the
cost of mineral fertilisers (scenario “+100%” of the
cost of mineral fertilisers in comparison with the
actual data of 2020) for the development of the
corn market in Ukraine for the period 2025 was de-
veloped (Table 11).

Table 11. Forecasting the consequences of changes in the cost of mineral fertilisers
on the main parameters of corn market development in Ukraine using the AGMEMOD model (scenario
“+100%” to the cost of mineral fertilisers compared to 2020)

Actual data for Forecast data for the period up to:
2020 2022 2023 | 2024 | 2025
Average yield, t/ha 5.62 5.06 5.00 5.00 5.06
Harvested area, thsd. ha. 5,392 5,362 5,442 5,453 5,481
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Table 11, Continued

Actual data for Forecast data for the period up to:

2020 2022 2023 | 2024 | 2025
Import, thsd. t. 25.0 58.4 59.5 61.2 62.2
Export, thsd. t. 27,9¢l16 17,233 17,235 17,216 17,554
Feed costs, thsd. t. 5,735 7,600 7,670 7,737 7,827
Sowing costs, thsd. t. 197 53.6 54.4 54.5 54.8
Losses, thsd. t. 500 1,211 1,216 1,218 1,238
Processing for non-food purposes, thsd. t. 632 354 354 354 354
Consumption fund, thsd. t. 156 349 347 345 344
Domestic consumption/production, % 21.5 30.6 30.7 30.9 30.8
Feed/ production costs, % 18.9 28.0 28.2 28.4 28.2
Export/production, % 92.2 63.5 63.3 63.1 63.3

Source: calculated by the author using the AGMEMOD model based on [22; 25]

The forecast results show that under the scenario
of “+100%” to the cost of mineral fertilisers, the main
parameters of the corn grain balance in Ukraine, in
comparison with the actual data of 2020, will reach
the following indicators in 2025:

- the average yield will decrease to 5 t/ha;

- the area from which corn is collected for grain
will increase by 1.65%;

- gross tax will decrease by an average of more
than 3 million tonnes, or 10.5 %;

- the volume of exports will decrease by more than
10.4 million tonnes, or 37.1%. This is conditioned by
a potential decrease in the level of competitiveness
of Ukrainian corn on the world market in comparison
with the largest competitors, in particular, from the
United States;

- grain costs for livestock feed will increase by
more than 2 million tonnes, or by 36.5%, which is
primarily conditioned by the increase in livestock in
animal husbandry;

- grain losses will increase by more than 2.5 times,
which is primarily due to a decrease in the use of
mineral fertilisers and a violation of agricultural
technologies for growing corn;

- the ratio of domestic consumption to production
will increase from 21.5% to 30.8%;

- the feed-to-production cost ratio will increase
from 18.9% to 28.8%;

- the export-to-production ratio will decrease from
92.2% to 63.3%.

Thus, according to the results of forecasting for
the period up to 2025, an increase in the cost of
mineral fertilisers by 100% compared to 2020 will
have a significant impact on the development of the
grain market in Ukraine.

In 2021, due to the rapid increase in prices for
mineral fertilisers, a task was set for the national
governments of many countries to ensure food se-
curity. After all, providing their farmers with min-
eral fertilisers and keeping food prices low are new
global challenges for many countries. Therefore,
the prospect for further study within the framework
of Ukrainian state agricultural policy should be to
substantiate an effective mechanism to protect
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Ukrainian farmers from sharp fluctuations in the
price of mineral fertilisers.

» Conclusions

As a result of the study, the following conclusions
were made:

1. In Ukraine, over the past 10 years, the gross
corn yield has increased 2-fold — from 20.9 million
tonnes in 2012 to arecord 42.1 in 2021. Such a signif-
icant increase in gross yield is conditioned by both
an increase in the yield of corn for grain, respec-
tively, from 47.9 c/ha to 76.8 c/ha due to the use of
modern industrial technologies by farmers, and an
increase in the harvested area by 125.4%. If the gross
yield has tended to increase in recent years, then the
volume of domestic consumption of corn has sys-
tematically decreased in favour of exports. Based on
the results of 2021, Ukraine exported 24.7 million
tonnes of corn worth USD 5.89 billion.

2.Inrecentyears, the increase in corn production
and exports from Ukraine has been accompanied by
trends towards an increase in world grain prices.
This was facilitated by the COVID-19 pandemic,
which significantly increased the demand for grain
from the main importers to increase their reserves.

3. Modern developed agriculture is impossible
without the use of sufficient mineral fertilisers. Cur-
rently, almost half as many mineral fertilisers are
applied in Ukraine as in the United States and EU
countries, which leads to soil degradation. There-
fore, a radical increase in the cost and shortage of
mineral fertilisers can lead to a decrease in their ap-
plication compared to previous years, increase the
dependence of the crop on weather conditions, con-
tribute to the deterioration of grain quality, and also
worsen the soil fertility.

4. The quantitative influence of production
factors on the yield of corn for grain in agricultur-
al enterprises of Ukraine is determined using the
developed econometric model for the period from
2001 to 2020. The results of multiple linear regression
showed that the yield of corn for grain has a close
and direct correlation with the volume of mineral
fertilisers applied per 1 ha of sown area, the share




of the fertilised area of crops and the level of profit-
ability of its production in agricultural enterprises of
Ukraine. The statistical value of the result obtained
is confirmed by a high coefficient of determination
which is R?=0.764.

5. Based on the findings of the study, the in-
fluence of changes in the cost of mineral fertilisers
on the main parameters of demand (domestic con-
sumption, export) and supply (yield level, harvested
area, gross yields) in the corn market is quantita-
tively substantiated according to probable scenari-
os using the AGMEMOD econometric partial equi-
librium model. Calculations showed that under the
“+100%” scenario (an increase in the cost of mineral
fertilisers compared to 2020), the gross yield of corn
in Ukraine would decrease by 17.8%, and the export
of this grain — by 24.5%, or USD 1,513.6 million.

6. The forecast results for the period up to
2025 showed that under the “+100%” scenario (an
increase in the cost of mineral fertilisers compared
to 2020), it would lead to a significant reduction in
the supply of corn and the export potential of the
grain industry. In particular, the gross corn harvest
will be reduced by more than 3 million tonnes by re-
ducing its average yield to 5.0 tonnes per 1 ha. At the
same time, the volume of exports of this grain crop
would decrease by more than 10.4 million tonnes, or
by 37.1%, which is conditioned not only by a reduc-
tion in production volumes, but also by a potential
decrease in the competitiveness of Ukrainian corn
on the world market due to an increase in its pro-
duction cost. As a result, this would lead to a short-
fall in Ukraine’s foreign exchange earnings of about
USD 2.5-3.0 billion per year at the current level of
the world price of corn grain.

7. It is proved that the high yield of corn and
the favourable current price environment for grain
will ensure a sufficient level of profitability of this
grain crop. However, a radical increase in the cost
of mineral fertilisers threatens to ensure the com-
petitiveness of Ukrainian corn in the domestic and
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foreign markets, which would eventually lead to higher
food prices and a deterioration of the country’s food
security and a decrease in the export potential of the
grain industry.

8. To ensure profitability at the level of previous
years, agricultural producers will be forced to delib-
erately review technological operations, reducing
productivity per hectare in favour of ensuring eco-
nomic efficiency.

9. In order to optimise costs, agricultural pro-
ducers need to diversify their mineral nutrition sys-
tems. In particular, invest in fertilisers in advance,
without which the production of agricultural prod-
ucts is impossible. And the second factor is that it is
necessary to buy those forms of fertilisers that re-
duce the cost of technology, for example, anhydrous
ammonia.

10. Improvement of the efficiency of corn grain
production in Ukraine can be achieved through the
introduction of scientifically based doses of mineral
fertilisers, transformation of the cost policy for the
purchase of effective fertilisers, and substantiation
and implementation of effective measures to stimu-
late and support grain production adapted to market
conditions.

11. Government agencies need to develop an
effective mechanism for reducing the cost or com-
pensating the cost of purchasing mineral fertilisers
for agricultural producers. In particular, at the ex-
pense of forward purchases of mineral fertilisers
through PJSC “Agrarian Fund”, which would provide
them with fertilisers for the sowing campaign.

12. In the context of export-oriented grain
production, which brings the main revenues of the
industry, a decrease in gross yield may lead to a de-
crease in foreign exchange earnings in the country.
In addition, it is necessary to maintain a sufficient
level of soil enrichment to further ensure both high
performance indicators of corn grain production,
and to preserve the ecological parameters of soil
fertility.
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MporHo3syBaHHA HacniaKiB BNIMBY BapToCTi MiHepallbHUX Bo6puB
Ha PO3BUTOK PUHKY KYKYPYA3U B YKpPaiHi 3 BUKOPUCTAaHHAM Mogaeni
AGMEMOD

AHaTonin OMmuTtposuu [1i6poBsa, Jlapuca BacunisHa [i6poBa,
Anna CepriiBHa YMinb, Makcum AHaToninoBuuy [li6posa

HauioHanbHWI yHiBepCUTET BiopecypciB i MPUPOOAOKOPUCTYBAHHA YKPaiHM
03041, Byn. lepois O6opoHK, 15, M. K1iB, YKpaiHa

» AHoTauig. 3a ocranue gecsarupivus 3 2012 mo 2021 pp. Ykpaina mogsoiiia o0CArd BUPOOHMIITBA KYKYPYA3H.
306i/IbIIIeHHS] BAJIOBHUX 300PiB KYKYPY/I3H1 OB SI3YIOTH i3 3aCTOCYBaHHSIM arpapisiMy Cy9aCHUX TEXHOJIOTIH BUPOIITyBaHHS,
110 HiABUINYIOTH CTiMKICTh POCJUH 0 HeCHPUATIMBUX (DAKTOPIB cepefoBUIlA, KOPUTYIOTh MiHepabHe >KUBJIEHHS
POC/IMH 3 ypaxXyBaHHAM IOTOLHUX YMOB. OfHielo i3 HalBaKJIMBIIIINX CKJIASOBHUX TAaKHMX TEXHOJIOTIH € 3aCTOCYBaHHSA
MiHepaJIbHUX 100pUB, BiJj ONTUMAJIBHOTO OOCATY BHECEHHA AKUX 3aJIeKUTh He JIUIIe PiBeHb YPOXKAMHOCTI 3epHOBUX
KYJIBTYD, ajie ¥ e(peKTUBHICTh BUPOOHUIITBA Ta SIKICTh 3epHa. [IpoTe cTpiMKe 3pOCTaHHS CBITOBUX IiH Ha IPUPOTHUMI
ra3 rnpotsrom 2021 p. chopMyBasio HOBi BUKJIMKU Ta 3arPO3U JJIs1 IOAAJIBIIIOT0 PO3BUTKY PUHKY 3epHa B YKpaiHi. Ajiske
CBIiTOBI IIiHM Ha MiHepaJIbHi Jo6puBa 3pocsu 3 2021 p., 3a qanuMu CBiToBOTO 6aHKY, Ha 110 %. 3a ITX YMOB paguKaIbHe
3pOCTaHHs BapTOCTi MiHepaJbHUX JOOPUB CTBOPIOE 3arpo3y 3abe3rnedeHHs] KOHKYPEHTOCIPOMOSKHOCT] YKPaTHCHKOT
KYKYpPY/134 Ha BHyTPIllIHbOMY Ta 30BHIIITHBOMY PUHKAX, 110 B MiZICYMKY IIPX3Be/ie A0 IiIBUIIIeHHS I[iH Ha IPOI0BOJILCTBO
Ta MOTipIIEHHsI PiBHA IPOJOBOJILUO] Oe3neku Kpainu. [le Moske HeraTUBHO BIJIMHYTH Ha BAJIOBi 300pH Ta EKCIIOPTHUMN
TIOTEeHIIias1 3epHOBOI rajty3i. MeToo JOCiI;KeHHA € OlLliHKa Cy4aCHOT'0 CTaHy IONMTY i MPOMNO03ullii HA pUHKY KYKYpPY31
B YKpaiHi Ta NPOrHO3yBaHHs HACJIiAKIB BIJIMBY 3MiHN BapTOCTi MiHepa/IbHUX TOOPUB Ha OCHOBHI IapameTpiB oro
PO3BUTKY 32 HMOBIpHUMU CLIeHAPisIMU, 3 BUKOPHUCTAHHAM €KOHOMeTPUUYHOI Mojiesli 4acTKOBOI piBHOBaru AGMEMOD Ha
niepion 10 2025 pOKY, 110 CTBOPIOE TIEPETYMOBH JIJIS MiBUIIIEHHS e(DEKTUBHOCTI MPUHHATT i peaJstisarlii ympaBJIiHCHbKIX
pilieHs i CIpusie JOCATHEHHIO Ifiel AepskaBHOI arpapHOi MOJITHKY. Y Ipolieci JOC/IiIKeHHS BUKOPUCTOBYBAJINCS
HACTYIHI MeTOIU: MOHOTpadiuHMi, aOCTPaKTHO-JIOTiYHUH, TOPIBHAIBHOIO aHATi3Y Ta EKCIIEPTHUX OI[iHOK, TAOJIMYHUH,
CTaTUCTUKO-eKOHOMIYHUM, (haKTOPHOTO aHa/li3dy, EKOHOMIKO-MaTeMaTUYHOr0 MOJesIoBaHHs. Pe3yssratoM po0oTH €
OIliHKa Cy4acHOT'0 CTaHy Ta BU3HAYeHHsI OCHOBHUX YMHHUKIB, 1110 BIJIUBAIOTh HA (POPMYBaHHs ITOIUTY i IPOIIO3ULIT HA
PUHKY KYKYPY3U. 32 JOIIOMOI'0I0 MHOKUHHOI J1iHiiTHOT perpecii BusHa4eHO BIIUB OCHOBHUX (DaKTOPIiB Ha BPOYKANHICTH
KYKYPY/I34 Ha 3€PHO B CLIbCBKOIOCIIOAAPCHKUX MiJIIPUEMCTBAX YKpainu 3a 2001-2020 pp. [IpoaHnasisoBaHO nuHAMIKY
OaslaHCy TOMUTY i MPOMO3UIIii HA PUHKY 3epHA KYKYpPyI3U B YKpaiHi. 3MiliCHEHO TPOTHO3YBaHHsI HACINKIB BIIUBY
3MiHU BapTOCTi MiHepaJIbHUX TOOPUB HA OCHOBHI IapaMeTpu PO3BUTKY PUHKY KYKYpy[I3u B YKpaiHi 3a IMOBipHUMU
CLIeHapisMU 3 BUKOPUCTAHHAM €KOHOMEeTPHUYHOI Mofiesi yacTKkoBoi piBHOBaru AGMEMOD na niepion 1o 2025 poky. Ha
MiJCTaBi IPOBeAEHUX PO3PAXYHKIB JOBEAEHO, 1110 BUCOKA BPOKANHICTh KYKYPY[3U Ta CIPUATIMBA HUHINIHA L[iHOBA
KOH'IOHKTYpa Ha 3epHO 3a0eanedyaTh IOCTATHIl piBeHb IPHOYTKOBOCTI IIi€l 3€pHOBOI KY/JIBTYpH. 3allpOIIOHOBAHO
HaINpsMH yIOCKOHAJIEHHA MeXaHi3My 37ellleBIeHHs ab0 KOMITeHcallil BUTpAT Ha KYIIBJIIO MiHepaJbHUX JOOPUB AJIA
TOBapOBUPOOHUKIB. Haby/nu MogasbIoro po3BUTKY METOAUKO-ITPAKTUYHI aCIIeKTH IPOTHO3YBaHHA HACIIIKIB BITUBY
3MiHU BapTOCTi MiHEpaIbHUX JOOPUB Ha OCHOBHI TapaMeTpU PO3BUTKY PUHKY KYKYPYI3U B YKpaiHi 3 BUKOPUCTAHHIM
€KOHOMETPUYHOI MoJieJli yacTKoBoi piBHOBaru AGMEMOD na niepioz 7o 2025 poky. 3allpoIoHOBaHi METOANYHI i IX011
Ta Pe3yJIBTaTH JOCIiIPKeHHS MOKYTh OyTH BUKOPUCTaHi OpraHaMy Jep>KaBHOTO i TaJTy3eBOTO YIIPaBJIiHHS IIPYA PO3poo1i
NPiOpPUTETHUX HANIPSIMIB 11010 MiJBUIIEHHA Pe3YJIETaTUBHOCTI BiTYM3HAHOI 3epPHOBOI rajtysi

» Kno4oBi cnoBa: arpapHa oJiTHKa, PUHOK 3€pHA, EHEpreTHYHa KPr3a, EKOHOMETPUYHE MOJIETIOBaHHS
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