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Abstract. In this article the distribution of the values of the NDVI on the territory
of the Razdolnensky district of the Republic of Crimea in January-June 2018 are
discussed — a number of maps are given and the dynamics of changes in the values of
the NDVI are shown. For each analysis date, the average, maximum and minimum
values of the NDVI are calculated and the distribution of the NDVI values over the
range of values in the Razdolnensky region of the Republic of Crimea in January-June
2018.
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Introduction

Razdolnensky district is located in the north-west of the Republic of Crimea on
the coast of the Gulf of Karkinitsky. It borders in the north with the Krasnoperekopsky
district, in the south with the Chernomorsky region, in the east with the Pervomaisky
district, and in north-west, it is washed by the Black Sea. The area of Razdolnensky
district is 1231 square km (4.7% of the total area of the Republic of Crimea). The
administrative center of the region is Razdolnoe, the distance from which to the capital
of the Republic of Crimea, Simferopol’, is 135 km. The municipality includes 41
settlements: two urban-type settlements (Razdolnoe and Novoselovskoe) and 39
villages [1-2]. The territory of the Razdolnensky district of the Republic of Crimea is
actively investigated by the scientific school of structural landscape geography
V.I. Vernadsky Crimean Federal University [3-8]. The area has a complex landscape
structure, represented by hydromorphic and upland landscape levels. In the structure of
nature management of the Razdolnensky district of the Republic of Crimea, agricultural
land dominates - 91.5%, including arable land 76.6% of the total area of the region.
Only 3.3% of the area is occupied by natural landscapes. The rest of the territory (5.2%)
is occupied by residential and industrial facilities [7].

Materials and methods

The theoretical basis for the use of vegetation indices laid and described in [9-16].
Among vegetation indices, in practice, the value of the NDVI is actively used.
Lupyan E.A. with co-authors use the NDVI to analyze the development of winter crops
in the southern regions of the European part of Russia [17]; Savin I. with coauthors
assess the quality of arable land [18]; Terekhin E.A. assess for the typification of their
crops in the Belgorod region [19]; Rulev A.S. with co-authors analyze the dynamics of
natural vegetation in the Trans-Volga region of the Volgograd region [20]; Chin L.H.
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and Melnikova E. B. monitor the dynamics of vegetation cover [21]; Kurganovich K. A.
and Golyatina M.A. analyze changes in climatic characteristics [22], etc.

For the territory of the Crimean Peninsula, the scientists Research Institute of
Agriculture of Crimea and V.I. Vernadsky Crimean Federal University actively use
methods that use the values of vegetation indices in the calculations: Kargashin P.Ye.
with co-authors investigated the values of NDVI in the territory of the Saki district, the
urban district of Saki and the urban district of Yevpatoria of the Republic of Crimea
[23]; Dunaeva E.A. investigated the values of NDVI on the territory of the
Krasnogvardeysky District of the Republic of Crimea [24]; Popovich V.F. investigated
the values of NDVI on the territory of Krasnogvardeysky district [25] and
Krasnoperekopsky district [26] of the Republic of Crimea; Pashtetsky V.S. and
Dunaeva E.A. investigated the values of NDVI on the territory of the Krasnogvardeysky
district of the Republic of Crimea [27]; Tabunshchik V.A. with co-authors investigated
the values of NDVI in the territory of Razdolnensky district of the Republic of Crimea
[5-6]; Ulyantseva Yu.O. investigated the values of NDVI on the territory of the Crimean
peninsula [28], Bondarenko M.A. and Mikhailov V.A. investigated the NDVI values on
the southeastern slope of Babugan-Yayla [29].

The purpose of the work is to consider the dynamics of changes in the values of
the NDVI in the territory of Razdolnensky district of the Republic of Crimea for the
period from January to July 2018.The object of study is the territory of the
Razdolnensky district of the Republic of Crimea. The subject of the research is the
values of the NDVI on the territory of the Razdolnensky district of the Republic of
Crimea for the period from January to July 2018. Research methods — literary-
analytical, historical, geo-information, mathematical, statistical, etc.

For the calculations of the NDVI values in the Razdolnensky district of the
Republic of Crimea for the first half of the year (January-July) in 2018, the archive of
multichannel satellite images Sentinel-2 (shooting scene T36TWR) completely covering
the territory of the studied area was used. As already noted earlier in [12], the selection
of satellite images suitable for the study with minimum cloudiness values suitable for
the study — less than 1% was made (Table 1).

However, it should be noted that the spatial-temporal differentiation manifests
itself in the distribution of the cloud field, which brings certain difficulties in the
selection of satellite images for January, February and March 2018, since cloudiness in
most cases reaches more than 50%, which makes it difficult to analyze the values of
vegetation indices for the territory of the Razdolnensky district of the Republic of
Crimea as a whole, but are suitable for analyzing selected key areas. At the same time
for individual months there are scenes of space images with clouds only more than 1%,
which were also taken into account, in the absence of a better source material.

To analyze the values of the NDVI on the territory of the Razdolnensky region of
the Republic of Crimea, 16 space multichannel images were used from January to June
2018 (Table 1), including 1 satellite image for January, 1 for February, 1 for March, 5 —
for April, 3 — for May, 5 — for June 2018.
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Table 1.
The main dates of filming and cloudiness on satellite images of the T36TWR
survey square of the Sentinel-2 satellite used in the work, in percent (compiled by
the author, according to [31])

No Data Satellite Cloudy, %
1. 2018.01.02 Sentinel-2A 9,2
2. 2018.02.06 Sentinel-2B 0,1
3. 2018.03.21 Sentinel-2B 2,6
4. 2018.04.10 Sentinel-2B 0,0
5. 2018.04.15 Sentinel-2B 0,0
6. 2018.04.22 Sentinel-2A 0,0
7. 2018.04.27 Sentinel-2B 0,1
8. 2018.04.30 Sentinel-2B 0,0
9. 2018.05.05 Sentinel-2A 0,1
10. 2018.05.12 Sentinel-2A 6,6
11. 2018.05.30 Sentinel-2B 0,1
12. 2018.06.01 Sentinel-2A 0,7
13. 2018.06.06 Sentinel-2B 0,8
14. 2018.06.14 Sentinel-2A 0,1
15. 2018.06.19 Sentinel-2B 0,0
16. 2018.06.24 Sentinel-2A 0,0
Compiled by the author

Results and discussion

All considered satellite images have minimal cloudiness, which allows them to be
used to calculate the values of NDVI. As a result, maps of NDVI values were
constructed (Fig. 1-4). Consider them in more detail. For each considered date, the
maximum, minimum and average values of the NDVI, the amplitude of NDVI values,
the variance and the standard deviation of NDVI values were analyzed. The results
obtained are presented in table 2.
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Fig. 1. NDVI value on the territory of Razdolnensky district of the Republic of Crimea
02 January, 06 February, 21 March and 04 April 2018. Compiled by the author

Fig. 2. NDVI value on the territory of Razdolnensky district of the Republic of Crimea
15, 22,27, 30 April 2018. Compiled by the author
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Fig. 3. NDVI value on the territory of Razdolnensky district of the Republic of Crimea
05, 12, 30 May and 01 June 2018. Compiled by the author

Fig. 4. NDVI value on the territory of Razdolnensky district of the Republic of Crimea
06, 14, 19, 24 June 2018. Compiled by the author
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As can be seen from table 2 for all the considered dates, the maximum values of
NDVI are more than 0.7. However, these values refer to extreme values of the
amplitude and, in general, do not carry any information about the sampling of values,
since this information may contain a single pixel or the minimum number of pixels.
Therefore, it is advisable to use the average NDVI values for analysis. Average values
in winter have minimum values (0.17 in January and 0.21 in February), then they
increase in spring (0.26 in March, 0.35-0.41 in April, 0.32-0.40 in May), and gradually
decrease in June from 0.29 to 0.19. Thus, for the period under consideration, the
maximum values of NDVI fall at the end of April and the beginning of May.

Table 2.
Minimum, maximum, average values, amplitude, dispersion and standard
deviation of NDVI values on the territory of Razdolnensky district of the Republic
of Crimea
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2018.01.02 -0,55 0,75 1,30 0,17 0,01 0,12
2018.02.06 -0,57 0,72 1,29 0,21 0,02 0,13
2018.03.21 -0,54 0,80 1,34 0,26 0,02 0,16
2018.04.10 -0,54 0,84 1,39 0,32 0,04 0,20
2018.04.15 -0,51 0,84 1,35 0,35 0,04 0,20
2018.04.22 -0,57 0,85 1,42 0,35 0,04 0,20
2018.04.27 -0,52 0,86 1,38 0,37 0,04 0,20
2018.04.30 -0,58 0,88 1,46 0,41 0,05 0,21
2018.05.05 -0,44 0,84 1,29 0,37 0,03 0,18
2018.05.12 -0,53 0,85 1,38 0,40 0,03 0,17
2018.05.30 -0,36 0,96 1,32 0,32 0,01 0,12
2018.06.01 -0,50 0,82 1,32 0,29 0,01 0,11
2018.06.06 -0,50 0,76 1,25 0,23 0,01 0,10
2018.06.14 -0,46 0,82 1,28 0,21 0,01 0,09
2018.06.19 -0,42 0,90 1,32 0,20 0,01 0,09
2018.06.24 -0,52 0,84 1,36 0,19 0,01 0,10

Compiled by the author
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Table 3.

Distribution of the territory of the Razdolnensky district of the Republic of Crimea on various ranges of the NDVI discrete scale
for the considered period (as a percentage of the total area of the area)
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Let us consider in more detail the distribution of the values of the NDVI over the
range of values of the discrete NDVI scale. The results of the distribution are presented
in Table 3. In January-February, the NDVI ranges from 0.066—0.1 over the greater
territory of the Razdolnensky district (more than 14%). In the first half of April, in most
parts of the Razdolnensky region of the Republic of Crimea, most of the values fall
within the range of values from 0.1-0.2, in the second half of April — 0.5-0.6; in the first
half of May and the middle of June — 0.5-0.6; the second half of June — from 0.25-0.15.

Given the above, it can be argued that the distribution of the values of the NDVI
over the territory of the Razdolnensky district of the Republics of Crimea is spatially
non-uniform. Additionally, to illustrate this, a profile was constructed along the line A-
B (Fig. 5, 6). As can be seen from Figure 5, the maxima and minima are clearly visible,
which clearly indicate whether there is a photosynthetically active phytomass in the area
under consideration. If we take into account that the main units of the agricultural
pattern are fields that represent typical agricultural landscapes, then using a series of
such graphs, we can analyze the use or non-use of land in agriculture. So if there is a
relatively flat curve in a certain part of the graph, this indicates that the values are
homogeneous on one field and the photosynthetically active phyto mass is present or
not. At the same time, it should be noted that the peaks between two adjacent fields,
where the NDVI values are minimal, can correspond to the NDVI values for the forest
belts and, according to this feature, their interpretation is possible.

Fig. 5. Geographical position of the A-B profile on the territory of Razdolnensky
district of the Republic of Crimea. Compiled by the author
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Fig. 6. Profile of NDVI index values for May 05 2018 on the territory of RazdoInensky
district of the Republic of Crimea on the A-B line. Compiled by the author

However, in order to estimate the dynamics of the values of the NDVI for a
particular plot, it is necessary to use averages, since it is completely impossible to take
into account the entire set of values falling on a certain area and this is associated with
large labor costs and time expenditures even taking into account processing by
electronic computing equipment. So for the territory of the Razdolnensky District of the
Republic of Crimea, ten control plots were randomly selected, representing agricultural
fields (Fig. 7), and the average NDVI for each plot for the period under review was
analyzed. The results are reflected in the graph (Fig. 8).

Fig. 7. Geographical position of the considered location in the territory of Razdolnensky
district of the Republic of Crimea. Compiled by the author
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Fig. 8. Average values of NDVI for ten location in the territory of Razdolnensky district
of the Republic of Crimea. Compiled by the author

As can be seen from Figure 8, in most cases (6 out of 10), from January to early
May there is a gradual increase in the average values of the NDVI, and then there is a
decline. The maximum average values for such plots are more than 0.4, which indicates
the active use of plots in agriculture, i.e. the active phase of the growth of green
phytomass was recorded. Only in one case out of ten the NDVI values are less than 0.2,
which most likely indicates the absence of clear signs of phytomass growth and non-use
of the territory in the period under consideration. However, in most of the Razdolnensky
district of the Republic of Crimea, agricultural land is actively used in the production of
crop products.

Conclusions

For the territory of the Razdolnensky region of the Republic of Crimea, a set of
maps reflecting the spatial distribution of the NDVI vegetation index from January to
June 2018 was built using the latest geo-informatics methods (software package
Quantum GIS) and high-resolution satellite imagery. The average values of the NDVI
on the territory of the Razdolnensky district of the Republic of Crimea for the period in
question range from 0.17 to 0.41, and the maximum values in some cases reach 0.96.
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Annomauusn. B cmamve paccmompeno pacnpedenenue 3uavenuti unoekca NDVI
Ha meppumopuu Pazdonvnenckozo paiiona Pecnyonuxu Kpwvim 6 sineape-urone 2018
200a — NPUBOOUMCs psd Kapm U NOKA3AHA OUHAMUKA UBMEHEeHUsl 3HAYeHUl UHOeKCa
NDVI. JIna xascooii 0amsl aHanu3a npouzeeoeH pacuem cCpeoHux, MAKCUMATbHbIX U
MuHUMAanbhoix 3uadenui unoexca NDVI u pacnpeodenenue snauenuti unoexca NDVI no
ouanazouy 3Hawenull Ha meppumopuu Pazoonvnenckoeo paiiona Pecnyonuxu Kpviv 6
saneape-urone 2018 2ooa.

Knrwoueevie cnosa: Kpvim, Kpwvimckuii nonyocmpos, Pazoonvnenckuii paiioH,
Pecnybonuxa Kpvim, pacmumenvrnocms, secemayuonnsiii unoexc, I UC, NDVI.
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