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Analyzing the state of agricultural crops and forecasting their harvest is quite important for Ukraine, as
these indicators significantly affect its economic situation. Thanks to its fertile soil, Ukraine is called
the "breadbasket of Europe", and it has every chance to become the "breadbasket of the world". As an
exporter of grain (primarily wheat, corn and barley), the country ranks third in the world with 60 million
tons of production per year, behind the United States of America and the European Union. More than
half of the harvest is sent abroad. Ukraine is also a leader in the world market of oil crops (sunflower,
soybean, rapeseed). The country is one of the leading producers and exporters of many other agricultural
products (GO German-Ukrainian Forum, 2020). Thanks to conducting a survey of the area of arable
land and grain crops, monitoring the condition, growth and development of agricultural vegetation, it
is possible to predict various factors: the degree of plowing of the territory, the need to apply nutrients
to a certain area of planting, etc. The purpose of this work is to classify grain crops using the methods
of remote sensing of the Earth from 2005 to 2022. Research object: Kamianets-Podilskyi district,
Khmelnytskyi region. The tasks of the research are: assess the condition of agricultural crops in the
Kamianets-Podilsky district of the Khmelnytskyi region; conduct research on the germination of grain
plants; analyze the leaf cover of the appropriate area.
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Introduction

Analyzing the state of agricultural crops and forecasting their harvest is quite important for Ukraine, as
these indicators significantly affect its economic situation. Thanks to its fertile soil, Ukraine is called
the "breadbasket of Europe", and it has every chance to become the "breadbasket of the world". As an
exporter of grain (primarily wheat, corn and barley), the country ranks third in the world with 60 million
tons of production per year, behind the United States of America and the European Union. More than
half of the harvest is sent abroad. Ukraine is also a leader in the world market of oil crops (sunflower,
soybean, rapeseed). The country is one of the leading producers and exporters of many other agricultural
products (GO German-Ukrainian Forum, 2020). Thanks to conducting a survey of the area of arable
land and grain crops, monitoring the condition, growth and development of agricultural vegetation, it is
possible to predict various factors: the degree of plowing of the territory, the need to apply nutrients to
a certain area of planting, etc. The purpose of this work is to classify grain crops using the methods of
remote sensing of the Earth from 2005 to 2022. Research object: Kamianets-Podilskyi district,
Khmelnytskyi region. The tasks of the research are:

» assess the condition of agricultural crops in the Kamianets-Podilsky district of the Khmelny-

tskyi region;
* conduct research on the germination of grain plants;
» analyze the leaf cover of the appropriate area.

Method and theory

The input data for the research are Landsat 5 and 8 time-lapse satellite images. These images were
downloaded from the EarthExplorer service. A part of the Khmelnytskyi region was chosen for the
study, because it was in this territory that the highest yield of agricultural crops for 2021 was recorded.
In this case, only a general study is possible, for a more detailed analysis, taking into account the
characteristics of each culture, it is necessary to have accurate information about their crops. After
choosing the area of interest, the amount of green vegetation in this area should be analyzed. For this, I
used the LAI - leaf area index. It is calculated as the ratio of one-sided (illuminated) leaf area to the soil
surface it occupies. The formula I used for the calculation (Earth Observing System, 2020):

LAI=0.57%*exp (2.33*NDVI) 1)

In view of the obtained results, it can be stated that the highest indicators were in 2017.07.14 and
2005.07.29. The smallest in 2022.03.22 and 2007.07.19. This is explained by the fact that in these
periods of time the plants did not have a significant leaf cover, because they were only planted, and in
another month they were mowed.

20220322 LA
File: 3267.3496,4319.6817
0706139

2010714_LA
Fle 3137 3485 4319 6917
Data 1922952

20070813_LA
File 3347 3496,3989 6517
%3909

Data: [0

N

Figure 1 LAI values for the period fro 20 to 2022, data from Landsat 5 and 8

To classify agricultural plants according to healthy vegetation, it is necessary to apply the normalized
differential vegetation index (Zatserkovnyi V. I., 2018). This is an indicator of biomass active for
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photosynthesis, which allows you to highlight and visualize on the map the areas covered with
vegetation, as well as detect abnormal changes in the growth process. The normalized vegetation index
ranges from -1 to +1 and is calculated using a mathematical expression:

NDVI = (NIR-Red) / (NIR + Red), 2)
where NIR — near infrared light; Red — visible red light. (Earth Observing System, 2020).

Approximate indicators of the index for determining the state of health of the plant, which were used
in this investigation:

. water, dead plants: -1 — 0,05;

. weakened plant: 0 — 0,25;

. a relatively healthy plant: 0,25 — 0,45;
. a completely healthy plant: 0,45 — 1;

The analysis of the results of the classification of agricultural crops according to healthy vegetation
shows that there was completely healthy and relatively healthy vegetation on July 14, 2017, and
weakened vegetation on March 22, 2022 and March 16, 2020. This is caused by a period, a month,
when most crops are just beginning to be prepared for sowing, and those that are available, due to the
climatic conditions of this period, are in a weakened state. The classification of agricultural crops
according to healthy vegetation based on Landsat 5 and 8 satellite images is presented in Figure 2.
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Figure 2 Classification of agricultural crops according to healthy vegetation based on Landsat 5 and
8 satellite images

Conventional designations used for the classification of agricultural crops according to healthy
vegetation are presented in Figure 3.

Water, dead plants

Weakened vegetation
Relatively healthy plant
A completely healthy plant

Figure 3 Conventional designations used for the classification of agricultural crops according to
healthy vegetation
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In order to obtain information about whether a plant can form normally developed seedlings, it is
necessary to classify agricultural crops according to the degree of germination (Zatserkovnyi,
V., Trofymenko, P., Amelyanets, A.,.Mykytyuk, V., Kotkova, T., 2020).This can be done by changing
the red channel to NIR - infrared. Thanks to this, it is possible to distinguish good, average and bad
similarity and wetting zones on the picture (Figure 4).

Figure 4 Similarity types based on the results of changing the red channel to NIR from Landsat 8
image data

The classification of agricultural plants according to the degree of similarity, according to the data of
Landsat 5 and 8 satellite images, is presented in Figure 5.

Germination 2022.03.22

Germination 2017.7.14

Germination 2005.07.29
Figure 5 Classification of agricultural plants according to the degree of similarity, according to the
data of Landsat 5 and 8 satellite images
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Based on the results of the analysis, it can be stated that the best and average similarity is observed in
the image of 2017.07.14, and the insufficient - 2022.03.22, 2020.03.16. Taking into account the
previous classification, the presence of a predominant lack of germination is caused by the fact that the
vegetation at this point in time was in a weakened state.

Conclusion

Based on the results of the research, it is possible to conclude that the use of Remote sensing data in
agriculture makes it possible to solve a number of problems, namely: to reduce the costs of performing
ground surveys of agricultural lands, to obtain highly accurate and reliable and up-to-date information,
to monitor the state of agricultural crops, as well as to forecast productivity and other characteristics of
agricultural land.

Having conducted various classifications of agricultural crops of the Kamianets-Podilskyi district of
the Khmelnytskyi region, using images of different time intervals, it can be stated that agricultural
crops at the beginning of spring are in a weakened state and, accordingly, cannot have high indicators
of germination and leaf cover. The summer months, when the plant has already strengthened, have the
greatest importance. During this period, there is the greatest probability that during the growing season
it will receive the necessary amount of moisture, solar energy, nutrients, etc.

References

Earth Observing System. (2020) Vegetation indices for complete vegetation analysis - (Electronic
resource).

NGO German-Ukrainian Forum. (2020) Agrarian economy of Ukraine: growth sector even in times of
crisis - (Electronic resource).

Zatserkovnyi V. I. (2018) Remote sensing of the Earth. Physical foundations. Tutorial. Nizhin, NDU
M. Gogol, 380 p. (in Ukrainian).

Zatserkovnyi, V., Trofymenko, P., Amelyanets, A., Trofimenko, N., Mykytyuk, V., & Kotkova, T.
(2020, December). Development of GIS for assessment of ecological stability of land.
In International Conference of Young Professionals «GeoTerrace-2020» (Vol. 2020, No. 1, pp. 1-
5). European Association of Geoscientists & Engineers.

International Conference of Young Professionals “GeoTerrace-2022”
3-5 October 2022, Lviv, Ukraine



