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Abstract. Implementation of modern technologies for collecting and processing spatial
information, primarily Earth remote sensing data, has made it possible to solve a wide range of
tasks for specialists in the agricultural industry. The work aim is to assess the state of
agricultural crops on the territory of Krymskorozovskoe rural settlement of the Belogorsky
district of the Republic of Crimea using materials of Earth remote sensing and modern
information technologies. The article reviews the literature on the research topic, studies the
most significant works on this theme. The article presents the possibilities of digital
information technologies in the framework of solving agricultural problems including creation
of maps of fields and database formation, study of the territory relief and the features of its
morphological characteristics, prompt identification of changes in agricultural fields, based on
the calculation of vegetation indices, with the use of remote sencing; classification and
identification of objects by satellite images; forecasting the potential yield of agricultural crops.

1. Introduction
Implementation of modern technologies for collecting and processing spatial information, primarily
Earth remote sensing data (ERS), has made it possible to solve a wide range of tasks for specialists in
the agricultural industry [1, 2].
Significant contribution to the development of agricultural satellite monitoring was made by
scientists: Bartalev S.A. [3], SavinI.Yu. [4], Loupyan E.A. [5], Plotnikov D.E. [6], Strashnaya A.I. [7],
Uvarov I.A. [8], Kleshchenko A.D. [9], Terekhin E.A. [10], Sidko A.F. [11], Shevyrnogov A.P. [12],
Muratova N.R. [13], Terekhov A.G. [14], Sultangazin U.M. [15], Zhurkin I.G. [16], Leontiev A.A.
[17], etc.
Remote assessment of crops state of is based on the influence of their biophysical characteristics on
spectral-reflective properties of vegetation [18, 19] and on intensive change in spectral parameters in
time in the optical range, which is a consequence of the seasonal development of crops [6, 20].
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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Crops state analysis during the growing season is largely based on the use of a series of time slices
of their spectral characteristics, for example, the values of vegetation indices (VI) [8, 12].
Improving the accuracy of the estimates can be achieved using satellite data that allows analyzing
the state of crops within specific cultivated fields [19].
Based on the study of long-term dynamics of VI, it seems possible to solve problems, associated
with modeling and forecasting productivity [21, 22], as well as crop yields [23], complex analysis of
the dynamics of vegetation changes [24-26]. In the works of Boken V.K. [27], Loupyan E.A. [5],
Terekhin E.A. [28] and many others, the study of the peculiarities of agricultural crops development
during the growing season, including for relatively long-term periods (over ten years), is carried out
using the analysis of dynamics of indirect indicators of the level of plant biomass development.
To obtain a qualitative result of assessing the state of agricultural crops, a number of requirements
are imposed on modern ERS materials, such as spatial resolution, spectral resolution, scanning
bandwidth, temporal resolution [29].
Currently, when solving problems of vegetation monitoring, satellite data of low and medium
spatial resolution (from 1 km to 100 m) are used, such as NOAA-AVHRR, SPOT-VEGETATION,
Terra/Aqua-MODIS, Envisat-MERIS, NPP-VIIRS, Proba -V. Open access to high spatial resolution
data Landsat-TM/ETM +/OLI and Sentinel-2, having a spatial resolution of 10-30 m, has significantly
expanded the potential of satellite mapping of vegetation cover [3].
Unique scientific development of the Space Research Institute of the Russian Academy of Sciences
(SRI RAS) is VEGA satellite monitoring service [30]. Based on the service, VEGA-Science system
was created, the main purpose of which is to solve the problems of studying the vegetation cover in
the framework of various scientific projects [30].
When decoding green vegetation and separating its image from other objects, primarily from soil
cover and water surface, vegetation indexes (VI)are used [31]. VIs are based on the ratios of
brightness values in spectral zones, the most informative for the characteristics of vegetation - red and
near infrared. The denser and healthier vegetation is characterized by a greater value of the difference
in light reflection in red and infrared ranges of spectrum; therefore, a higher VI value will be for such
vegetation compared to VI value of suppressed vegetation [31].
Currently, there are more than 160 varieties of VI, among which the most common for solving
problems of quantitative assessment of photosynthetically active biomass is the normalized difference
VI — Normalized Difference Vegetation Index (NDVI) [32]. It was first described in 1973 in work
[33] by Dr. J.W. Rouse, director of The Remote Sensing Center of Texas A&M University, and the
concept of this vegetation index was first presented in the work of F.J.Kriegler et al. [34].
Strashnaya A.I. [7] notes that the state of vegetation, assessed through the NDVI, changes
significantly in the process of vegetative development of plants. So, from the moment of the growing
season beginning, agricultural plants accumulate green biomass and, therefore, the value index
increases. After the biomass reaches its maximum values, in the process of crop formation and
harvesting, biomass decrease and NDVI values decrease are noted. NDVI decrease during the active
growing season (before the milk ripeness phase onset) indicates the stress state of crops. It can be
caused by plant diseases or pests, lack of moisture [35], or be the result of natural phenomena (hail,
rainfall, drought, fires) [36].
High values of the vegetation index NDVI act as an indicator of healthy development and active
growth of vegetation. An increase in NDVI values in fallow fields is an indicator that such fields have
weeds. If the value of VI NDVI in fallow fields reaches values of 0.37 and higher, agrotechnical weed
control activities should be taken. Currently, space information technologies are widely used, such as
remote sensing, satellite navigation (GLONASS/GPS systems). They provide not only the data
necessary to assess the state of agricultural land (crops, soil, heat and moisture supply and other
indicators), but also the coordinates of the location of processing units and areas of fields requiring
special processing, which creates the basis for the application of precision farming methods, including
the use of a physically grounded mathematical model of soil hydrophysical properties, taking into
account the phenomenon of hysteresis [37-42].
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The aim of the work is to assess the state of agricultural crops, based on remote sensing data and
technology of geographic information systems (GIS) using.
2. Materials and Methods
Krymskorozovskoerural settlement is part of the Belogorsky municipal district of the Republic of
Crimea and includes two settlements – v.Crimean Rose and v. Vishnevoye. In the north it borders
Tsvetochnensky rural settlement, in the west -Zuisky rural settlement, in the east and south Aromatnovsky rural settlement. The area of Krymskorozovskoe rural settlement is 2150 hectares,
which is 1,1% of the territory of the Belogorsky municipal district.
The terrain is represented by the northern foothills of the Inner ridge of the Crimean Mountains
(Figure 1), the height of the v. Crimean Rose and v. Vishnevoye center above sea level - 294 and 292
m, respectively. Elevation marks of the territory vary in the range from 245 m to 365 m.

Figure 1. Relief of Krymskorozovskoe rural settlement territory.
Climatically, the territory of Krymskorozovskoe rural settlement belongs to the steppe, foothill and
mountain regions. Crimean mountainous relief has a great influence on the climate. The climate is
arid, most often with mild winters. The average annual air temperature is 10 °C. The warm period lasts
from 300 to 315 days a year [43]. In terms of natural moisture, the region under study belongs to the
insufficient moisture zone, the average annual precipitation is 528 mm.
The largest area is occupied by piedmont chernozems leached on different rocks – 107,00 hectares
(47%), piedmont carbonate chernozems on eluvium and deluvium of dense carbonate rocks – 78,00
hectares (34%), 23,30 hectares (10%) and 15,00 ha (7%) is occupied by soddy soils on the eluvium of
non-carbonate rocks and meadow-chernozemic calcareous soils, respectively. As the primary
information on the structure of cultivated areas of Krymskorozovskoe rural settlement for 2017-2020,
data of the production unit of the Research Institute of Agriculture of Crimea were used. Manual
vectorization of field boundaries was carried out on their basis and schematic map of agricultural
crops location in the territory of Krymskorozovskoe rural settlement was compiled.
Processing, analysis, and storage of spatial data was carried out using open source geoinformation
software - Quantum GIS v. 2.18.23 (QGIS) in geographic coordinate system EPSG: 32636 - WGS 84 /
UTM zone 36N.
To identify winter and spring crops, trained (controlled) classification of Sentinel-2A multichannel
satellite images (MSI scanner), provided by VEGA-Science operational satellite monitoring service in
the form of archival documents, and was carried out. Classification with training was chosen, because
it is necessary to select a relatively small number of classes that are well distinguishable on digital
image, as well as the fact that crops location in the fields is known.
Detection of agricultural crops in QGIS was carried out using algorithm of trained classification of
satellite image. For this purpose, the Semi-Automatic Classification Plugin was used. Classification
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was made according to the maximum likelihood rule. As identification mask, the vector layer of
agricultural crops borders was used. In the «ROI creation» tab, the following information was entered:
serial number and information about macroclass and class.
To carry out semi-automatic classification on the «ROI creation» tab, one macro class was selected
– «agro». It includes 2 classes - winter crops and spring crops. For semi-automatic classification of
satellite images, training samples, so-called reference polygons, were created.
Satellite images were selected, based on information on onset timing of phenological phases of
agricultural crops, prevailing on the territory of Krymskorozovskoerural settlement.
Normalized differential VI of vegetation NDVI was used as agricultural crops state indicator, to
obtain the values of which, according to the data from SA of Sentinel-2 family, 4 and 8 spectral bands
are used with spatial resolution of 10 m/pixel.
To study the relationship of NDVI index on agricultural crops with physical and geographical
conditions of Krymskorozovskoe rural settlement, the area relief was analyzed and main relief
morphometric indicators were determined. SRTM (Shuttle Radar Topography Mission) data were used
as the initial materials for relief study.
3. Results and Discussions
Knowledge of the field gradients is necessary for correct field distribution in crop rotation and for
selecting the direction of main cultivation (see Fig. 2). Any crops can be cultivated on slopes up to 3°.
On flat lands with steepness from 0 to 1°, there are no restrictions on sowing technology and soil
cultivation selecting. On sloping lands with a steepness of 1 to 3°, it is necessary to observe sowing
and cultivation across or at permissible angle to the slope. Lands with a slope of 3-5° are used in field
crop rotations with exclusion of row crops and implementation of anti-erosion agricultural complex.
Lands with a slope of 5-7° are used in soil-protective crop rotations and perennial grasses. Figure 2
shows the processed data of the territory gradients and the slopes exposure of Krymskorozovskoe rural
settlement.

Figure 2. Map of slopes and exposition of agricultural fields of
Krymskorozovskoerural settlement.
Slope exposure has a significant impact on the microclimatic conditions and the intensity of soil
washout, the distribution and properties of biogeocenoses. For example, the slopes, located to the
north, are predominantly colder and more humid, the soil on them is thicker, and the southern slopes
are usually dry and warm and are characterized by a less thick soil cover.
Based on the classification of satellite images, the fields, where winter and spring crops are
cultivated, have been identified. Figure 3shows the result of this classification.
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Figure 3. Result of identification of agricultural crops sowings.
Errors in agricultural crops detection are associated with small contour of some fields, which made
the classification process difficult. The accuracy of crop identification, based on Sentinel-2 images,
was 87%, which indicates sufficiently high reliability of the obtained classification map. Identification
of winter and spring crops using high spatial resolution data (Sentinel-2) made it possible to clarify the
location of crops in the fields. Compared to the map of winter and spring crops, detected on the basis
of MODIS low spatial resolution data, presented on the VEGA-Science operational satellite
monitoring service, identification, using high spatial resolution data (Sentinel-2), is more accurate.
State of agricultural crops in the context of the fields of Krymskorozovskoe rural settlement of the
Belogorsky district of the Republic of Crimea is shown in Figure 4.

Figure 4. Cartogram ofagricultural crops state.
The result of the quality crops assessing is the Integrated classification of agricultural crops state
(see Figure 5). The combination of two types of classifications of crops state (qualitative state of crops
and deviation from the norm) makes it possible to assess the state of crops in a more comprehensive
way. Based on these data, it is possible to conclude about the qualitative state of agricultural crops.
The state of agricultural crops was also determined taking into account their deviation from the
average long-term norm (according to the VEGA-Science service): <(25%); (25%) - (-15%); (-15%) (-5%); (-5%) - 5%; 5% - 15%; 15% - 25%; > 25%.
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Figure 5. Integrated classification of agricultural crops state.
Based on the substitution of the NDVI index maximum values into the regression equation, the
yield value for 2019 was predicted for each field of winter wheat (Table 1).
Table 1. The results of forecasting the yield of winter wheat for 2019.
Field No.
7
23
24
28
33
36
37

Predicted yield, c/ha
20.6
22.8
18.5
22.8
18.5
23.8
27.0

Actual yield, c/ha
23.0
21.6
25.4
31.1
18.4
21.9
28.3

Deviation, +/- c/ha
+2.4
-1.2
+6.9
+8.3
-0.1
-2.1
+1.3

The analysis of table 1 show that the obtained values of yield can change because of the influence
of certain factors (temperature, amount of precipitation, etc.). At the same time, when determining the
predicted yield, it is important to use maximum values of crop development index NDVI (from the
flowering phase to the achievement of milky-wax ripeness). A rather large deviation of the forecasted
yield of winter wheat for fields № 24 and № 28 is associated with their location on elevated
territory [45].
4. Conclusion
Availability of up-to-date data on agricultural crops location together with data from monitoring their
state and meteorological conditions makes it possible to predict crop yields by districts and region as a
whole, to obtain estimates of the possible profitability of a significant agribusiness sector for various
water supply conditions, and to optimize the structure of cultivated areas. Based on the classification
of satellite images, it seems possible to monitor crops and assess their state not only at the farm level,
but also at the regional level.
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