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Abstract. The research is devoted to the trend analysis of the dynamics of production
in agricultural sectors as a tool for forming an optimal program of their functioning in
order to establish trends and forecast their further development, as well as to evaluate
the method of trend analysis in relation to the scope of its application in the research
of agricultural sectors. It is substantiated that the forecasting of economic indicators is
possible along trend lines, if their parameters, in particular the approximation coefficient
R2 and the correlation coefficient R ensure the necessary reliability of the forecast data.
An assessment of the possibility and expediency of applying the technique of horizontal
analysis - trend analysis and selection of a trend line was carried out. It was established
that when studying the economic indicators of the Lviv region, such as the production
of all agricultural products and plant products, the correlation coefficient provides such
reliability (1 < R > 0.95), but for the livestock industry, it does not (R=0.56 ). When
studying the economic indicators of the crop industry as a whole in Ukraine, such as
the production of rapeseed (R=0.74), soybean (R=0.67) and wheat (R=0.48), it was
established that the corresponding correlation coefficients do not provide the necessary
reliability for forecasting trend lines for the economic forecast of the development of
agricultural industries.

Key words: trend line, dynamics, time series, agricultural production, wheat,
rapeseed, soybeans.

Formulation of the problem

In terms of agricultural potential,
Ukraine is a unique country, with almost
25% of the world's most fertile cherno-
zems. Therefore, historically, the agrari-
an industry is one of the main ones in the
country's economy, which has been per-

ceived as the "breadbasket of Europe"
since ancient times. Ukraine has become
the largest exporter of sunflower oil in
the world, the second largest exporter
of grain, the fourth exporter of corn and
barley, the sixth exporter of wheat and
soybeans, the seventh exporter of poultry
and honey, and the ninth exporter of eggs
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[1]. The agricultural sector is dominated
by crop production, the specific weight
of which is 73% of agricultural prod-
ucts. The specific weight of commercial
agricultural crops in the structure of the
plant industry is approxi-mately 60%.
These are mainly cereals, legumes and
sunflower. Ukraine, as a producer and
exporter of agricultural products, needs
to carefully monitor global trends and
minimize risks. Therefore, the issues of
establishing trends and forecasting the
further development of the agricultural
sector are becoming more relevant. In
order to preserve and improve the posi-
tion of Ukrainian producers in the world
agricultural markets, it is necessary to
increase investments, which makes it
possible to reduce the cost of produc-
tion, improve the quality of products,
enter segments with higher added value,
and improve product marketing.

The issue of regular and timely ac-
counting of statistical and other data and
their openness, availability for monitor-
ing the process of agricultural production
and analysis of its indicators remains un-
resolved. The results of the research can
be applied to identify trends and forecast
the development of various agricultural
industries, for farming and other enter-
prises, as well as to forecast their oppor-
tunities for exporting products.

Analysis of recent researches and
publications

Agriculture provides employment
for 14% of the population of Ukraine.
But, unlike other industries, it has high
unpredictability for the future in terms
of macroeconomics and microeco-
nomics due to factors such as climate
change, economic downturns, etc. In
addition, the goal of improving the ru-
ral economy as an industry is not just to

maximize productivity, but to develop
a diverse and complex environment as
a whole, for example, the development
of agricultural land, food products, con-
sumer culture, etc.

Based on the fact that most of the data
in the research of the main trends and
trends in the agricultural sector is based
on the materials of government projects
and does not always coincide with the
individual positions of academic authors
and citizens in social networks, in work
[2] the authors set the goal of compar-
ing and analyzing positions in three
directions: individual text analyzes of
academic articles, research and reports
on state policy, and social news articles.
At the same time, 6 groups of problems
(goals) were defined - plant protection;
hunger and malnutrition; development
of plant breeding potential; investments
in agriculture; agricultural heritage sys-
tem; genetic resources of animals. By
the way, The Food and Agricultural Or-
ganization of the United Nations (FAO)
carries out activities with 9 goals: plant
protection, hunger, malnutrition, pest
control, plant diseases, plant breeding,
investments in agriculture, agricultural
heritage system and animal genetic re-
sources. In the process of researching
the dynamics of interest in these prob-
lems (goals) in terms of the specified
categories and sources of information
(three types of data - political reports,
scientific articles and news articles),
trends regarding their further develop-
ment were obtained.

However, since this study is based on
data limited to a specific country - Korea
- it is difficult to generalize the results
on a global scale. However, the author's
formulation of the problem and research
methodology, built on the comparison
and analysis of interest in the main prob-
lems (goals) of agricultural and related
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industries according to various catego-
ries and sources of information, are of
interest for determining trends in the de-
velopment of the agricultural industry of
Ukraine.

To support agricultural production
and exports of Ukraine, to mitigate the
global food security crisis exacerbated
by the war, the United States Agency
for International Development (USAID)
launched the Agricultural Resilience Ini-
tiative (AGRI) - Ukraine. The line of ef-
fort of this Initiative is to improve and
increase export logistics and infrastruc-
ture, increase storage and their capac-
ity, purchase and delivery of necessary
resources to farmers who have limited
stocks or limited mobility [3].

The Innovarum company has identi-
fied 10 trends of the future agricultural
sector: 5 global trends and 5 trends that
relate specifically to the agricultural sec-
tor of the EU. Among global trends, the
following are formulated: changes in
world consumption patterns affect trade
flows and export and import of food
products; continued outflow of labor
from the agricultural sector to other in-
dustries; technologies and innovations
will play a key role in the stability of ag-
ricultural and food systems; increasing
demand for products that require less
processing and negative perception of
GMOs; environmental problems affect
everyone [4].

Trends directly related to the agricul-
tural sector of the EU: possible increase
in agricultural production due to an in-
crease in the specific weight of fodder
and protein crops in combination with
an increase in yield; slowing down the
outflow of labor from the agricultural
sector due to the change in the nature
of agricultural work from manual to
managerial, through the implementation
of digitalization, the latest technologies

and innovations; transition to a protein
diet mainly of vegetable origin and
awareness of the advantages of locally
produced organic products; an increase
in the total income of farmers due to an
increase in agricultural production and
an increase in product prices; accelera-
tion of actions in the EU and other parts
of the world to implement the vision and
goals of the 2030 Agenda through the
implementation of research and innova-
tion programs [4].

The purpose of the study. The re-
search is devoted to the trend analysis
of the dynamics of production in agri-
cultural sectors as a tool for forming an
optimal program of their functioning in
order to establish trends and forecast
their further development, as well as to
evaluate the method of trend analysis in
relation to the scope of its application in
the research of agricultural sectors.

Materials and methods
of scientific research

In the analyzed foreign studies, the
method of text analysis was used. Itis a
method of analysis that extracts mean-
ingful and useful data or information by
drawing hidden themes or relationships.
The cartographic research method was
used to analyze the intensity of distri-
bution of certain processes (in our case,
the production of certain agricultural
crops) on the territory of Ukraine using
cartograms. Tabular and calculation-
graphic methods were used by us for a
visual presentation of the dynamics of
indicators of agricultural production in
general and by individual branches and
agricultural crops. The method of trend
analysis is used to analyze time series
of agricultural production in order to ac-
curately identify modern trends. A trend
is a regular change in a certain process
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over a certain long-term period, that is,
it reproduces changes due to constant
long-term factors that determine the
prevailing trend of time series. The es-
sence of the method of building a trend
is based on the assumption that the start-
ed change of the variable will continue
in the future with a similar direction and
a similar speed.Among other things, in-
dicators of agricultural production are
forecast on its basis. By comparing pa-
rameters (equation Y, reliability of ap-
proximation R2, correlation coefficient
R) of linear, exponential, logarithmic,
power and polynomial trends, the type
of trend is selected, which provides the
closest connection in the time series and
gives the most accurate result of forecast
data. It can be used to compare the stud-
ied indicators in different regions and at
different time intervals. The methodol-
ogy has been tested on the territory of
Ukraine as a whole and, in particular, in
the Lviv region.

Research results and discussion

One of the main goals of the Russian
invasion of Ukraine was to paralyze the
country's agricultural sector. For this
purpose, farms, warehouses and fields,
transport infrastructure and agricul-
tural research institutes were attacked.
Transport and warehouse infrastructure
suffered varying degrees of damage
and destruction. fertilizer production
and labor. As a result, the country did
not receive agricultural products. Pre-
war exports of agricultural products of
Ukraine amounted to 27.8 billion dol-
lars. According to USDA (US Depart-
ment of Agriculture) data and forecasts,
Ukraine exported about 17 million tons
of wheat from the 2020-2021 harvest,
while Ukraine's exports from the 2022-
23 harvest are forecast to drop to 10

million tone The Commission for the
Economic Recon-struction of Ukraine
(CSIS) on agricultural issues developed
recommendations [5] regarding the re-
construction of the agricultural econo-
my of Ukraine and a number of other
specific areas related to it: transport,
storage, fertilizers, the work of farmers.
Transport. To restore Ukraine's abil-
ity to export agricultural products, as
well as to free up space for current and
future harvests, it is necessary to im-
prove Ukraine's agricultural transport
infrastructure. The problems of trans-
porting agricultural products are related
to the need to identify and strengthen
alternative routes; reorientation of prod-
uct transit from sea to rail, for which it is
necessary to build railway lines of stan-
dard (narrower) EU gauge at the border
crossing points of Ukraine, modernize
wagons and bring the dimensions of
grain bunkers of railway platforms into
compliance with EU standards. The cost
of railway transportation has increased
by more than 600% due to the increase
in fuel costs and the cost of insurance.
Storage. With regard to product stor-
age, the strategy for supporting grain
storage, developed by FAO, which
forecasts a shortage of storage capac-
ity, proposes the purchase of long-term
modular storage units for farms, equip-
ment for loading and unloading grain
and polyethylene grain sleeves
Fertilizers. The problem of provid-
ing Ukrainian farmers with fertilizers
lies in the area of determining suppliers,
ensuring access for farmers, and financ-
ing transportation to Ukraine. Since
increasing the production of fertilizers,
even with the availability of reserves
and infrastructure, takes 3-5 years, in
the absence of guaranteed extended
supplies of fertilizers and for the long
term, for the most effective use of avail-
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able fertilizers, it is advisable to use
technologies of precise application of
fertilizers, as well as conduct soil test-
ing, use satellite technologies and artifi-
cial intelligence technologies.

The work of farmers. The quali-
fication requirements for the work of
farmers have undergone changes due
to changes in the operation of the new
transport system (in connection with the
reorientation of transportation from the
sea model to the railway model), due to
the need to use new modes of product
storage, technologies of precise applica-
tion of fertilizers. For this, training and
retraining of the labor force is required,
and this is in the conditions of its short-
age in the agricultural sector. Proceed-
ing from the fact that the previous three
problems (transportation, storage, fer-
tilizers) have outlined possible ways to
solve them, the needs of the agricultural
labor force in Ukraine remain a priority
issue [5].

The war in Ukraine strongly in-
fluenced the trends of the global agri-
food sector. The increase in the cost of
production affects all links of the food
chain on a global scale. This includes
production, processing, distribution,
transportation and sales. Let's consider
the trends. which have emerged on the
example of one of the EU countries -
Spain [6], which occupies a high posi-
tion in the world ranking of exporters
of agro-food products (fourth place in
the EU and seventh place in the world).
After. as the country recovered from the
consequences of the pandemic, the trend
of its agricultural sector became posi-
tive. Employment in each individual
sector reflects the dynamics of activity,
so according to this indicator, the food
industry sector is ahead of the primary
sector. Food costs are rising due to ris-
ing prices, and rising food prices affect

the amount of food consumed by house-
holds. The increase in purchases is due
to the fear of a possible shortage and,
accordingly, the accumulation of stocks.
After the start of the war in Ukraine, ex-
penses in supermarkets and large gro-
cery stores increased due to Spanish
cards. Moreover, a trend was revealed
that, in terms of household income,
they increased the most in the group of
households with low incomes. This is
because prices have increased on most
products in their typical grocery basket
due to the busy tourist season. Thanks
to the high competitiveness of the Span-
ish sector, the export of agri-food prod-
ucts continues to grow. The export of
legumes and vegetables, fats and oils,
food products, shellfish and fresh fish,
juices and beef increased especially.

In the paper [7], the authors devel-
oped an econometric vector autoregres-
sion model, thanks to which the intensity
and trivality of price transfer in the food
chain are measured. They displayed on
the diagram how the shock of the rate
of change in the price of food products
in the EU affected consumer prices (for
goods that already include the impact
of the Common Agricultural Policy).
The obtained result shows that a short-
term increase in the rate of change in
food prices in the EU by 10 percentage
points leads to an increase in the con-
sumer price index of food products by
2.3 percentage points a year later. This
means an increase in general inflation in
Spain by 0.5 percentage points.

The main agricultural crops that de-
termine Ukraine's specialization at the
international level and form its agricul-
tural exports are grain, soybeans, and
rapeseed. This is stated in the work [8&,
p. 23]: “.... strengthening of Ukraine's
international agro-food specialization
and dominance in the production of two
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Fig. 1. Trend lines of the dynamics of agricultural production indices (Lviv
region): a) indexes of production of agricultural products; b) indexes of
production of crop products; c¢) indexes of production of animal products.

Formed by the authors based on the source: [10].

N2 3'2023 91



3emneycmpitli, kKadacmp i MOHIMopuUH2 3emernb

main groups of crops (cereal and oil
crops)". The main commercial agricul-
tural crop with a high specific weight of
export is sunflower. Ukraine produces
sunflower cake, oil and seeds.

But we will focus on the develop-
ment trends of the following industries
- the cultivation of rapeseed, soybeans
and wheat, a part of which is also pro-
duced in the Lviv region. Ukraine ranks
sixth in the world in rapeseed produc-
tion. and in terms of its export — the
third [9]. In terms of soybean volume,
Ukraine ranks ninth in the world, and in
terms of soybean exports, it ranks sev-
enth. Ukraine is the seventh largest pro-
ducer of wheat in the world and the fifth
largest exporter.

In fig. 1a) shows a diagram of the
dynamics of indices of production of
agricultural products of the Lviv region,
and in fig. b) and c¢) — plant and animal
products, respectively.
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Lviv region is included in the zone
of intensive production of rapeseed - 7%
of the national production (Fig. 2) and
according to the map of the average an-
nual production of rapeseed in Ukraine
for the 5-year period from 2016 to 2020
falls into the highest group of intensity
(from 100.001 to 250.0 metric tons).

The Lviv region produces 4% of
soybeans from the national production,
and according to the cartogram of the
average annual production of soybeans
in Ukraine for the 5-year period from
2016 to 2020 (Fig. 3), it falls into the
middle group (from 100,001 to 250, 0
metrictones).

Winter wheat makes up about 97%
of the total wheat production in Ukraine.
The main production of wheat is con-
centrated in the south-eastern region of
the country and the Lviv region produc-
es only 1% of wheat grain from the na-
tional production. According to the car-
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Fig. 2. Map of the volume of rapeseed production in Ukraine by
administrative regions.

Source: [11].
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togram of the average annual production
of wheat in Ukraine for the 5-year period
from 2016 to 2020 (Fig. 4), the region
falls into the lower group of production
intensity (<1000 metric tons).

In fig. 5 shows a diagram of the
dynamics of production in Ukraine: a)
rapeseed; b) soybeans; c¢) wheat and
tread lines.
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Fig. 5. Trend lines of the dynamics of production of individual agricultural
crops: a) rapeseed; b) soybeans; c) wheat.
Formed by the authors based on the source: [11].
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Table 1. Indicators of trend lines*

Trend line Equation Y Reliability of Correlation
approximation R? coefficient, R
1 2 3 4
Lviv region. Total agricultural production
Linear y=4,321x+95 0,96 0,98
Exponential y =96,01¢"08 0,97 0,98
Logarithmic y =12,90In(x) + 96,56 0,86 0,93
Power y =97,22x%115 0,89 0,94
Polynomial y=0226x>+2,511x + 97,71 0,97 0,98
Products of crop production
Linear y=6,357x+92, 0,97 0,98
Exponential y = 94,8805 0,98 0,99
Logarithmic y =18,99In(x) + 95,15 0,87 0,93
Power y = 96,46x%!62 0,92 0,95
Polynomial y =0,333x% + 3,690x + 96,85 0,98 0,99
Animal husbandry products
Linear y=0,571x + 99 0,31 0,56
Exponential y = 99,0005 0,31 0,56
Logarithmic y = 1,766In(x) + 99,13 0,30 0,55
Power y =99,13x%07 0,30 0,55
Polynomial y =-0,023x*>+0,761x + 98,71 0,31 0,56
Ukraine: Rape production
Linear y =0,1341x +2,4467 0,35 0,59
Exponential y = 2,4193¢00506x 0,38 0,63
Logarithmic y =0,4529In(x) + 2,4195 0,49 0,70
Power y = 2,3954x%177 0,54 0,74
Polynomial y =-0,065x*+ 0,5891x + 1,84 0,52 0,72
Production of soybeans
Linear y=-0,2419x +4,7242 0,41 0,64
Exponential y =4,7697¢ 0963 0,41 0,64
Logarithmic y =-0,577In(x) + 4,51 0,29 0,54
Power y =4,5235%0153 0,30 0,55
Polynomial y =-0,0447x>+0,0708x +4,3072 0,44 0,67
Wheat production
Linear y=-0,3516x + 27,92 0,02 0,16
Exponential y = 28,2800 0,05 0,23
Logarithmic y =-0,495In(x) + 27,232 0,01 0,01
Power y =27,415x00%4 0,02 0,14
Polynomial y =-0,6968x> + 4,5263x + 21,416 0,23 0,48

*The maximum values of correlation coefficients R are highlighted in the table.

Developed by authors, source: [11]

The results of the study of trend lines
and their parameters (table 1) show that
the maximum value of the correla-

tion coefficients R, as a rule, belongs
to the polynomial trend line, and only
for the production of rapeseed does the
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stepwise trend line show the maximum
value of R.

Thus, the polynomial trend line
provides the closest connection in the
time series and gives the most accurate
result of forecast data. The analysis of
the table also shows that in the block
of the Lviv region, in two of the three
studied indicators, the value of the cor-
relation coefficient is in the range from
0.95 to 1.0, and on this basis, we used a
polynomial trend line for a forecast for
one period - for the year 2022, which
shown on the corresponding diagrams
(see Fig.5).

Discussion and suggestions

As a result of the study it was estab-
lished, that the index of the production
of agricultural products, according to
the forecast, will be 132.5%, and that
of plant products - 147% in relation to
the indicators of 2015. That is, for the
period 2015-2021, the production of
agricultural products will increase by
1.3 times, and the production of crop
production - by almost 1.5 times. For
all other studied categories (livestock
industry of Lviv region, rapeseed, soy-
bean and wheat production in Ukraine),
the correlation coefficients do not pro-
vide the necessary reliability for fore-
casting. In this case, forecasting for a
short period can be based on the use of
monitoring the condition of crops with
the use of such promising agricultural
technological directions as the technol-
ogy of precision agriculture, vertical ag-
riculture and smart agriculture; satellite
navigation, unmanned aerial vehicles,
GPS, remote control and remote sens-
ing technology; agricultural Internet of
things, robotics, cloud technology.

To identify trends in the develop-
ment of agricultural production accord-

ing to various indicators, it is advisable
to use trend analysis of the dynamics of
their previous development over time.
At the same time, it is necessary to study
all types of trend lines and, based on the
analysis of their parameters (equation y,
reliability of approximation R2, correla-
tion coefficient R), choose the type of
trend line that ensures full reliability of
the forecast.
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AHomauyia. JocnioxeHHA npucesyeHe mpeHO08oMYy aHANI3Yy OUHAMIKU 8UpobHUYMEa rnpo-
OyKUii Mo 2any3ax CinlbCbKO20 20Cr00apcmaa AK iHcmpymeHmy hopmy8aHHA oNMUMAsbHOT Npo-
2pamu ix pyHKUYiOHY8AHHA 3 MeMOK 8CMAHO8/eHHA MeHOeHYill ma npoa2Ho3y8aHHA Nooa6wo-
20 iX p038UMKY, G MAKOM OYiHUi Memody mpeHO08020 AHAI3Y W000 ciepu io2o 3acmocy8aHHA
8 00CniOHEHHAX CinbCbKo20Crnodapcorux 2anyseli. Ob6rpyHMo8aHo, W0 Npo2HO3y8AHHA €KOHO-
MIYHUX MOKA3HUKI8 MOX/IUBO MO0 MPeHO08UX AiHIAX, AKWO iX napamempu, 30Kpema KoegiuyieHm
anpokcumayii R2 ma koegiuieHm ropenauii R 3ab6e3neyyroms HeobxiOHy docmogipHicms npo-
2HO3HUX OaHUX. 30ilicHeHa OUiHKA MOXusocMi i 0oyinbHOCMIi 3aCMOCY8aHHA MemMoOUKU 20pu-
30HMAILHO20 AHANI3Y — MPeHO08020 aHAsI3y ma subopy AiHii mpeHdy. BcmaHoeneHo, wjo npu
00CniOHeHHI eKOHOMIYHUX MNOKA3HUKi8 /Te8i8cbKoi 0baacmi makux K 8UPOBHUYMBO CinbCbKO-
20crnodapceKoi MPodyKii ycb020 Ma pocaUHHUYbKOI npoodyKuii, KoeghiyieHm Kopenayii 3abe3ne-
yye maky docmosipHicmo (1 < R > 0,95), a 019 meapuHHUYbKOI eanysi, — He 3a6e3neuye (R=0,56).
Mpu AocnidiceHHi eKOHOMIYHUX MOKA3HUKI8 POCAUHHUUbLKOI 2a1y3i 8 UiniomMy 1o YKpaiHi, makux AK
supobHuymeo pinaka (R=0,74), coi (R=0,67) i nweHuyi (R=0,48) ecmaHosneHo, wo 8i0nogioHi Ko-
eiyieHmu Kopensauii He 3ab6e3ne4yyroms HeobxiOHOI 0ocMogipHOCMI 014 MPO2HO3Y8AHHA MpPEH-
008UX 7iHili 0519 eKOHOMIYHO20 MPO2HO3Y PO3BUMKY CiflbCbKO20CM0O0APCbKUX 2any3ell.

Knrouoei cnoea: niHia mpeHdy, OuHamika, Yacosuli paod, CinbCbKo20CcrnodapcouKa npPooyKyis,
nWweHuys, pirnak, cos.
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