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MONITORING OF CROP GROWTH PARAMETERS
USING TEMPORAL SAR AND OPTICAL REMOTE SENSING DATA
IN THE KARASAI DISTRICT, ALMATY REGION

Using Remote sensing data is essential in monitoring agricultural crop phenology and food security.
The availability of optical and SAR imagery can provide the best insights into understanding the behavior
of temporal characteristics of phenological stages of multiple agricultural crops. The study was carried
out in the region situated in the Karasai district of Almaty region using the temporal Sentinel-1 data and
Sentinel-2 optical data during the growth period of agricultural crops. NDVI values from the Sentinel-2
and Multitemporal VH/VV backscatter intensity from Sentinel-1 SAR with the sample data were used to
characterize the backscatter and vegetation stage behavior of multiple crops. Crop growth parameters
were calculated using Google Earth Engine platform. Google Earth Engine is a cloud-based platform
that allows users to visualize and analyze satellite images of the Earth and make geospatial analysis. The
results indicate that the phenological stages of the agricultural crop growth cycle may be recognized
and distinguished based on the temporal variations of NDVI values and in SAR parameters that were de-
tected. Also according to the result of the study it is visible that the trend charts of backscattering values
are quite correlated with the NDVI value. NDVI with backscatter values of VV/VH can be considered as
one of the beneficial tools for distinguishing and analyzing the phenological changes of different types
of agricultural crops.

Key words: crop growth parameters, backscatter intensity parameters, NDVI, Sentinel-1, Sentinel-2.
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AAmartbl 00AbIcbI Kapacai ayAaHbIHAQ YaKbITLLA PAAMOAOKALIMSIABIK, XKoHe
KALLUbIKTbIKTAaH 30HATAYAbIH, ONMTUKAAbIK, OeiiHeAepiH rnaiAaAaHa oTbIpbIr,
ASHAI AAKbIAAAPADIH, ©CY NMapameTpAepiH 6akbiray

KawbIKTbIKTaH 30HATAY AepekTepiH MalAaAaHy ayblA LIAPYaLbIAbIFbIHbIH, ASHAI AQKbIAAAPbI-
HblH (DEHOAOIMSCbIH GaKkblAQy >XOHe asblK-TYAIK KayirCi3airiH Kamramacbi3 eTy YuliH MaHbI3Abl.
OnNTUKAAbIK, >K8HE PAAMOAOKALMSABIK, KECKIHAEPAIH BOAYbI BipHeLLle ayblA LAPYaLLbIAbIFbIHBIH ASHA]
AAKBIAAAPBIHBIH, (DEHOAOTUSABIK, KE3EHAEPIHIH YaKbIT CcMMaTTaMaAapblHa >KaKCbl TYCiHYre MyMKIHAIK
Gepeai. 3epTTey ayblA LLAPYyaLUbIAbIFbIHbIH ASHAI AAKbIAAAPbIHLIH BEreTaumsAblK, Ke3eHiHae Senti-
nel-1 yakbIT apaabIk, cypeTTepiH >kaHe Sentinel-2 onTUKaAbIK, AEPEKTEPIH NanAaAaHa OTbIPbIN, AAMATbI
06AbIChl Kapacar ayaaHbl )KaAnakcai ayblAbIHAQ OPHAAACKAH eTiHLIIAIK aAKAObIHAQ XKY3€ere acbIpbIAAbI.
Sentinel-2 cypettepiHeH aabiHFaH NDVI MaHaepi >kaHe Sentinel-1 paanoAoOKaUMSABIK, CypeTTepiHeH
anbiHFaH VH/VV kepi walibipay KapKbIHAbIAbIFbIHbIH, KOM YaKbITTbIK, KepceTkilTepi GipHelle ASHAI
AAKBIAAAPABIH, Kepi Liallblpay KepceTKilTepi MeH BereTaumsAblK, KyWiHiH cMnaTTamacbliH cunarrtay
YWiH narAaAaHbIAAbl. ASHAI AaKbIAAApPAbIH ecy napameTpAaepi Google Earth Engine naatcopmachl
apkbiAbl ecenteaai. Google Earth Engine-6yA namaasaHywiblia@pra >KEpPAIH CMYTHUKTIK CypeTTepiH
BU3yaAM3aLMsIAQyFa XKOHe TaAAayFa XKoHe reoKeHICTIKTIK TaAAdy JKacayFa MYMKIHAIK 6epeTiH ByATTbI
naaTcopma. HaTmkeAep ayblA LAPYaLLbIAbIFbIHBIH ASHAT AAKbIAAAPbIHBIH, 6CY LIMKAIHIH, (PeHOAOTUSABIK,
ke3eHaepiH NDVI MaHAepiHiH yakpbITla BapuaumgaAapbl MEH pasap napameTpAepi HerisiHAe TaHyfa
KaHe axkblpaTyFa 6oAaTbiHbIH kKepceTeai. CoHAal-aK, 3epTTey HaTMXKeAepi GoMbIHLIA Kepi Lwallbipay
MOHAEPIHIH TpeHATIK rpadmktepi NDVI MaHAepiMeH eTe CoMKec KeAeTIHAIrH kepyre 6oAaapbl. VV/
VH «kepi watwbipay MaHaepi 6ap NDVI apTypAi aybiA WapyawlbIAbIFbIHBIH ASHAI AAKbIAAAPbBIHbIH,
(PEHOAOTUSIABIK, ©3repiCcTepiH aXblpaTy >OHe TaAAdy YLIiH ManAaAbl KypaAAapAbiH 6ipi petiHae
KapacTbIPbIAYbl MYMKiH.

TyiiiH ce3aep: ASHAI AAKbIAAAPAbIH ©CYy MapaMeTpAepi, Kepi Lallblpay KapKbIHABIAbIFbIHbIH,
napametpaepi, NDVI, Sentinel-1, Sentinel-2.
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MOHMTOPUHI NapameTpPoB POCTa 3€PHOBbIX KYAbTYP C MCMOAb30BaHMEM
BPeMeHHbIX PaAApPHbIX M ONTUYECKUMX CHUMKOB AMCTAHLLMOHHOIO 30HAMPOBAHUSA
B Kapacaiickom paitoHe AAMaTHMHCKOM o6AacTH

McnoAb3oBaHme AaHHbIX AMCTAHLMOHHOTO 30HAMPOBaHMS MMEET BaXKHOe 3HaueHue AAS MOHUTO-
pyHra (PeHOAOTUM CEAbCKOXO3SIMCTBEHHBIX KYAbTYP M 06GecrnedeHuns npoAOBOAbCTBEHHOM 6e3onac-
HOCTU. AOCTYMHOCTb ONTUYECKMX M PAAAPHbIX M306pakeHui MoXKeT 0b6ecneumnTb Ayullee NoHUMaHMe
NMoBeAEHMSs BPEMEHHbIX XapakTepucTUK (PEHOAOrMYECKMX CTaAMIA HECKOABKMX CEAbCKOXO3SMCTBEHHbIX
KYAbTYp. lMccaepoBaHME MPOBOAMAOCH B MECTHOCTM, PacCroAo>KeHHoM B KapacaickoM paiioHe
AAMaTMHCKOM 06AaCTH, C UCMOAb30BAHMEM BPEMEHHbIX CHUMKOB Sentinel-1 1 onTuyeckux AaHHbIX Sen-
tinel-2 B nepuoa BereTaumm CeAbCKOXO3SMCTBEHHbIX KYAbTYp. 3HadyeHns NDVI u3 cHmumkos Sentinel-2
1 MHOFOBPEMEHHbIE MOKa3aTeAN MHTEHCMBHOCTM o6paTHoro paccestus VH/VV 13 papapHbIX CHUMKOB
Sentinel-1 ¢ BbIGOPOUHBIMM AQHHBIMKM MCTIOAB30BAAUCH AASI XaPAKTEPUCTUKM MoKasaTeAern 06paTtHOro
paccesiHMsg U MOBEAEHWS BEreTalMOHHOrO COCTOSIHUSI HECKOABKMX CEAbCKOXO3SMCTBEHHBIX KYAbTYP.
B kauecTtBe mapameTpoB pocTa 3epHOBbIX KyAbTYpP ObIAM BbIAEAEHbI MOKa3aTeAM BereTalMOHHOro
nmHeakca NDVI 1 nokasatean 3HadeHus obpatHoro paccesiins VV/VH [Mapametpbl pocta 3epHOBbIX
KYAbTYpP OblAM paccuMTaHbl C MPUMMEHEHMEM aAropuTMa Ha g3bike JavaScript B naatgopme Google
Earth Engine. Google Earth Engine — 310 06AauHas naatpopmMa, KOTopasi MO3BOASIET MOAb30BaTEASIM
BM3yaAM3MPOBaTh M aHAAM3UPOBATb CMYTHMKOBbIE CHUMKM 3EMAM 1 MPOBOAMTb reONpPOCTPAHCTBEHHbIN
aHaAun3. Pe3yAbTaTbl MokasbiBaloT, UTO (DEHOAOMMYECKME CTAAMM LIMKAQ POCTa CEAbCKOXO3SMCTBEHHbIX
KYAbTYP MO>XHO pacro3HaBaTb M pa3AMyaTb HAa OCHOBE BPEMEHHbIX Bapuaumii 3HaveHnin NDVI n
napamMeTpoB pasapHbIX CHUMKOB. Tak>Ke Mo pe3yAbTaTaM MCCAEAOBAHWUS BUAHO, UTO rpachmkm TPEHAOB
3HaueHU 0O6PATHOrO paccesiHusl BIIOAHE KOPPeAnpytoT co 3HadeHusimn NDVI. NDVI co 3HaueHusmm
obpartHoro paccesHus VV/VH MOXHO paccMaTprBaTtbh Kak OAMH M3 MOAE3HbIX MHCTPYMEHTOB AAS
pasAMuMs U aHaAM3a (PEHOAOTMYECKMX U3MEHEHMI PAa3AMYHBIX BUAOB CEAbCKOXO3SMCTBEHHbIX KYABTYP.

KatoueBble caoBa: [MapameTpbl pocTa 3epHOBbIX KYAbTYP, NapaMeTpbl MHTEHCMBHOCTM 06paTHOro

paccesHus, NDVI, Sentinel-1, Sentinel-2.

Introduction

One of the essential components of crop
management is knowing agricultural growing
trends and crop spatial distribution. For effective
farmer and decision-maker interventions during
the phenological phases, such as fertilization,
pesticide  application, and irrigation, crop
phenology monitoring and the detection of the main
phenological stages are essential (Xie et al., 2022).
Additionally, the temporal and spatial variances of
phenology changes can be valuable information
for the differentiation of various vegetation types,
particularly crops.

Due to the lower economic efficiency, bigger
area, and significant seasonal and spatial variation,
obtaining crop information using traditional survey
methods is quite problematic. The more efficient
method for resolving this issue is using remote
sensing technology (Kumar et al., 2021) So far, the
monitoring of plant dynamics has been hampered by
the unavailability of satellite time series with high
temporal and spatial resolution. A new era began with
the launch of the first Sentinel satellite, developed

by the European Space Agency, which provided
a large and unprecedented amount of free data for
the operational needs of the Copernicus program.
Sentinel-1A, the first SAR satellite launched in April
2014, has started to provide a multi-temporal series
of SAR images (C-band) with an excellent time
interval of 12 days. For Sentinel-1B, launched in
April 2016, data delivery is expected every 6 days.
Sentinel-2A, the optical satellite launched in June
2015, provides data every 10 days. For Sentinel-2B,
the time interval is 5 days (Veloso et al., 2021).
Vegetation indices are typically used to monitor
crop phenology in optical satellite images. Optical
data (such as Sentinel-2, Landsat 8, and MODIS)
have been widely utilized to investigate the
relationship between plant optical characteristics
and photosynthetic activity (Veloso et al., 2021).
Due to its strong correlation with several biophysical
measures, including leaf area index, leaf nitrogen
content, and grain yield NDVI is one of the most
widely used vegetation indices (Venancio et al.,
2020). For example, Kganyago (2021) analyzed
the changes in the winter-planted areas between the
reference year (2019) and COVID-19 year (2020)
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using Sentinel-2 Multispectral Imager (MSI) data
and Google Earth Engine (GEE) Cloud Computing
Platform.

SAR data is less frequently employed in
agricultural areas than optical data. However,
recently, with a new generation of high-resolution
SAR data, particularly since the Copernicus
program Sentinel-1 C-band high spatial-temporal
resolution images became available, SAR data
has started to attract interest, especially for its
benefit of having its source of energy, making it
almost independent of weather conditions (Elders
et al., 2022). Evaluation of the backscattering
coefficient features at a different stage of growth
is an alternative for other crops (Tuvdendorj et al.,
2022). Thus, in the study (Nasirzadehdizaji et al.,
2019) multi-temporal polarimetric Sentinel-1 SAR
images were used to examine the various crop
varieties’ temporal backscatter changes and crop
growth stages. According to the reported variations
in backscatters, they discovered that important
information regarding crop status may be retrieved
from the backscattering analysis, such as estimating
irrigation and harvesting time. A vegetation index
from dual-pole (DpRVI) SAR data was published
by Mandal et al. (2020) comparing the cross and co-
pole scattering ratio, the dual-pole radar vegetation
index (RVI), the polarimetric radar vegetation index
(PRVI), and the dual polarization SAR vegetation
index (DPSVI) with the temporal Compare analysis
of biophysical variables of plants at different
phenological stages. Compared to other indices,
the results showed that the DpRVI index has a high
correlation and good retrieval accuracy with the
biophysical parameters of the selected plant species
(Nasirzadehdizaji et al., 2019).

The superiority of Synthetic Aperture
Radar (SAR) technology has created various
opportunities in agricultural studies, mainly
for crop monitoring and management. Thus,
Nasirzadehdizaji et al. (2019) observed that
polarimetric composite images for different
dates are useful to roughly identify plant species
and have been validated by the application of
classification methods in the study area. Gansukh
et al. (2020) monitored wheat using normalized
differential vegetation index, vegetation water
content, and backscatter value from VV, and
VH channels in Bornuur Soum of Tuv Province,
Mongolia. Umutoniwase et al. (2021) indicated
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that the backscatter coefficient of the VH
polarization and the polarimetric decomposition
parameters showed high sensitivity to rice growth.

Sentinel-1 has been used in numerous studies to
classify crops to avoid S2 constraints. According to
various research studies, using S1 and S2 images as
input can result in high accuracy (Tuvdendorj et al.,
2022).

The availability of a powerful processing
framework is crucial for making approaches
operationally applicable. The Google Earth Engine
(GEE), which allows for the cloud-based processing
of petabytes of satellite data, has recently become
known as a tempting high-performance computing
platform. GEE offers robust computational capacity
for processing data at a global scale and even
enables the development and training of well-known
machine learning algorithms (Salinero-Delgado et
al., 2022)

This paper aims to analyze temporal variations
of NDVI time series from available cloud free
Sentinel-2 optical data, Multi-temporal C-band VH
and VV polarized Sentinel-1 SAR data of corn,
spring oats, oats, winter wheat, sugar beet, soy,
spring barley, corn, safflower, winter barley, and
the correlation of their trend behavior. The ability
of these data to distinguish between the crops was
investigated.

To monitor the phenology of agricultural crops,
LLP “Kazakh Research Institute of Agriculture and
Plant growing” was chosen as the object of study
(Figure 1). The Institute is located 22 km west of
Almaty and 4 km east of Kaskelen.

The territory of the institute is located on the
foothill plain of the Zailiysky Alatau, within 700-
800 m above sea level, and represents the watershed
of the Aksai and Kaskelen rivers. From north to
south, it is crossed by the Kazachka River with
steep steep banks, with a narrow floodplain (50-100
m), often swampy. The depth of groundwater in the
middle part of the territory (along the valleys and
logs) is 5-6 m, and in the hilly-ridged part it is 10-20
m or more (Erlepesov M.N, Tegisov T.A. 1975).

Materials and methods

All the calculation in this study was made ac-
cording Google Earth Engine which represents
magnificent and powerful tool for cloud stored data
calculation of space images.
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Figure 1 — Location of the study region and representation of the crop areas

15

16 wvar 52 = senti2

17 .filterMetadata('CLOUDY PIXEL PERCENTAGE', 'less than', 10)
18 _filterDate('2021-04-81', '2021-89-38')

19 .filterBounds(regions);

20

21

22 ~ function maskS2clouds(image) {

23 var ga = image.select('QAGE");

24

2L var cloudBitMask = 1 << 108;

26 var cirrusBitMask = 1 << 11;

27

28 var mask = ga.bitwiseAnd(cloudBitMask).eq(@)

29 .and(qga.bitwiseAnd{cirrusBitMask).eq(@));

39

31 return image.updateMask({mask).divide(10060)

32 .select("B.*").copyProperties(image, ["system:time start"]);
33 1

34

35~ var addNDVT = function(image) {
36 wvar ndvi = image.addBands(image.normalizedDifference(['B8', 'B4']).rename( 'NDVI'));

i 37 return image.addBands(ndvi)
38 1
39
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Figure 2 — The code for analysis Sentinel 2 data
In this study Sentinel 2 and Sentinel 1 space Samples Selection and Set
images were used. Calculation of NDVI and VV/ Initially, the shapefiles of the study area were
VH backscattering coefficient values were made  created in ArcGIS from the map of crop types 2021
with the code. See figure 2 and figure 3. conducted by LLP “Kazakh Research Institute of
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Agriculture and Plant growing” with the WGS 84
UTM 43N zone projection system and imported into
the Google Earth Engine code editor.

Table 1 — Area of study regions

Type of crop The study area (sqm)
corn 65314.16
oats 17567.43
Winter wheat 746078.42
Winter barley 28992.38
safflower 20695.03
Sugar beet 43946.25
soy 575686
spring oats 170888.66
spring barley 319976.71

The main sample types are winter barley,
safflower, corn, spring barley, soy, sugar beet,
winter wheat, oats, and spring oats. The area of each
study region is represented in Table 3.

Sentinel 2 data preprocessing

The Sentinel 2 data were filtered by choosing
images with clouds less than 10% from April to

September 2021. The clouds were masked with
maskS2clouds function. The shapefiles were
merged into one variable, called “region” and then
the boundaries were buffered (-10m) to take more
precise areas of the crops. Then the Sentinel 2 data
were filtered by choosing images with clouds less
than 10% from April to September 2021. The clouds
were masked with maskS2clouds function. See
Table 1.

Vegetation index calculation (NDVI)

Spectral vegetation index NDVI (Rouse, J.W
et al., 1974) was calculated in GEE with function
addNDVI (See Table 2) using the surface reflectance
values of the crops.This indice was formulated by
using the following equation:

NDVI =rNIR —rRed
rNIR + rRed

where rRed, rNIR are the surface reflectance values
of Band 4 (red, 0.64-0.67 pum), Band 5 (near-
infrared, 0.85-0.88 um) in the Sentinel-2 images.

Sentinel 1 data preprocessing

The Sentinel 1 data were filtered by choosing
images from April to September 2021.

The preprocessing of VV/VH backscattering
analysis data were made according the code in GEE
(See Figure 3).

4
5  var regionsl = corn.merge(oats).merge(soy).merge(spring_barley)
6 .merge(spring_oats).merge(sugar_beet).merge(winter_wheat)
7 .merge(safflower) . .merge(winter_barley);
8
i 9 wvar regions = regionsl.map(addbuffer)
18
i 11 Map.centerObject(regions)

[
(¥

Map.addLayer(regions, {}, 'regions')

i 15 51 = S1.filterDate('2021-94-01', '2021-09-30')

17 /f Filter the Sentinel-1 collection by metadata properties.

18 wvar vvVhIw = S1

19 // Filter to get images with VWV and VH dual polarization.

20 _.filter(ee.Filter.listContains('transmitterReceiverPolarisation’, 'WV')})
21 _filter(ee.Filter.listContains( transmitterReceiverPolarisation’, 'VH'))
22 /f Filter to get images collected in interferometric wide swath mode.

23 .filter(ee.Filter.eq('instrumentMade', "IW'));

25 // Separate ascending and descending orbit images into distinct collections.

26 wvar Slasc = wwWhIw.filter(

27 ee.Filter.eq( ' orbitProperties_pass', 'ASCENDING'));
28 3
KEMEPTOIAH 5L TepekTbi
PaxaT \ C
casxannapbl "
o = prenu
AnTein JKannakcan R
=1 [M-36 ~ ;
AnManbi6ak == Paibimbek 2
=3
KymToFaH

AbBai

Figure 3 — The code for analysis Sentinel 1 data
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Results and discussion

In this section, the results of the study are re-
ported. The preliminary results obtained from Sen-
tinel-1 and Sentinel-2 have been presented as well
as the spatial distribution of the study areas (Section
3.1, Section 3.2) in the Karasai region from April
to September 2021. Temporal profiles of crops are
also presented in these sections as a scatter plot is

shown. The graphs were obtained in Excel as a re-
sult of exporting values in CSV format from Google
Earth Engine.

NDVI temporal analysis of crops

The NDVI value for major crops area —
corn, oats, soy, spring barley, spring oats, sugar
beet, winter wheat, safflower, and winter bar-
ley — between April and September 2021 was
mapped in Figure 2 and Figure 3.
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Figure 4 — Spatial distribution of NDVI values in the study region from April to July

For visual interpretation, the NDVI values are
divided into four classes. The difference between
dark and light green in each image indicates the veg-
etation stage.

It is obvious that NDVI varies throughout the
growth cycle by viewing the images through their
acquisition dates.

Through the visual interpretation, it is evident that
the greenest values (>0,6) belong to oats (June), corn
and soy (from July to September). For most of the
crops from April to the beginning of May, the NDVI
values are slightly green <0,2 which indicates the
earlier stages of growth period while from June start
decreasing which indicates the decline in vegetation.
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Figure 5 — Spatial distribution of NDVI values in the study region from August to September
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The spectral plot for studying major crops is
shown in Figure 6. In the plot, the germination is
marked by the beginning of the rising spectral profile.
From Figure 4, it is evident that the germination
time for most of the crops is late April (Apr 30).
The maximum biomass period according to the plot
and Table 2 occurs approximately in June for spring
barley(0,446), safflower(0,333), winter wheat(0,351),

winter barley(0,421), oats(0,699), late July for sugar
beet (0,548), during July for corn(0,665) and late
August for soy (0,883). Leaf senescence is evident
in late August for soy and corn, mid-September for
sugar beet, and July for oats, spring oats, spring
barley, winter barley, winter wheat, and safflower.
These differentiating spectral characteristics were
taken advantage of by distinguishing various crops.

Table 2 — Mean NDVI values of the crops grown in the Karasai district

date corn oats soy 15)1;21125 s;());i:;g sugar beet :vvilrlletzz' safflower :)V;:::;
Apr 30 0,169 0,165 0,146 0,154 0,194 0,135 0,223 0,152 0,167
May 5 0,217 0,243 0,19 0,22 0,263 0,212 0,262 0,211 0,239
Jun 24 0,431 0,699 0,345 0,446 0,524 0,504 0,351 0,333 0,421
Jul 24 0,665 0,319 0,827 0,281 0,251 0,548 0,198 0,207 0,183
Jul 29 0,656 0,285 0,802 0,232 0,141 0,477 0,18 0,169 0,167
Aug 18 0,648 0,151 0,883 0,235 0,147 0,514 0,154 0,143 0,176
Aug 23 0,642 0,154 0,881 0,237 0,147 0,479 0,15 0,128 0,182
Sep 7 0,461 0,177 0,615 0,207 0,145 0,472 0,134 0,143 0,11
Sep 17 0,382 0,183 0,448 0,189 0,132 0,443 0,134 0,145 0,107
Sep 27 0,213 0,164 0,21 0,151 0,121 0,318 0,122 0,13 0,111

Therefore, in the early stages of growth, healthy
vegetation had a limited growth rate that was related
to the NDVI since the photosynthetic process
was constrained by many variables, including
temperature and chlorophyll concentration. Then,
because of the appropriate temperatures, rising
chlorophyll content, and other factors, the growth
rate rose. Due to a lack of nitrogen, a lack of water,
a change in temperature, etc., the development rate
slowed down in the later stages (Lambers et al.,
2008).

Spatial distribution and the temporal variations
of the backscattering intensity of crops

The sensitivity of C-band Sentinel-1 SAR
to crop phenological stages in our test site was
demonstrated by visual interpretation of multi-

temporal images of VH and VV backscattering
power (see Figure 7 and Figure 8). The difference
between the dark gray and the white in each
image indicates the VH backscattering intensity
and the contrast between dark blue and light blue
is shown by the values of VV backscattering
intensity.

The backscattering intensity values of crops
as the NDVI values trend varies throughout the
growth cycle. According to the maps and the charts
it is obvious that in the period of the growth cycle,
the higher values belong to soy and corn. And the
lower values for both backscattering values for most
of the crops are observed in April, between August
and September, and in June for VV backscattering
intensity.
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Figure 7 — Monthly interval spatial distribution of the VH backscattering coefficient values
in the study region using Sentinel-1 images from April to September
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Figure 8 — Monthly interval spatial distribution of the VV backscattering coefficient values
in the study region using Sentinel-1 images from April to September

If to look at the chart (Figure 9), it is evident that
the remarkable increase of backscattering intensity
of VH is observed in late May reaching a high stage
on 21 May with the corresponding values (as shown
in Table 3) of -18,85,-16,53,-18,97,-17,194,-16,82,
-18,798, -17,246,-17,632,-17,661 dB for corn, oats,
soy, spring barley, spring oats, sugar beet, winter
wheat, safflower, winter barley respectively. This
change implies the period of the beginning of full
biomass period (21 May). In the period of higher
biomass values for most of the crops according to

Figure 7 and Table 2, it is observed that relatively
higher values are obtained on 26 June with the values
of -18,27 dB for corn, -18,8 dB for oats, -20,24 dB
for soy, -20,078 dB for spring barley,-19,383 dB for
spring oats,-18,116 dB for sugar beet, -20,268 dB
for winter wheat, -19,517 dB for safflower. Through
the period between July and August, most cereals
have lower marks, while soy and corn experienced
higher values compared with the other crops, with
soy having the highest value of -14,389 dB on 20
July.
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Figure 9 — The backscatter values (dB) of crops on multi-temporal Sentinel-1 images in VH polarization

Similar to the VH backscattering coefficient  -11,404 dB for spring oats, -9,729 dB for sugar beet,
(Figure 10), the VV backscattering coefficient -9,652 dB for winter wheat, -9,323 dB for safflower,
values also significantly increase at the beginning  -10,246 dB for winter barley on 21 May. Same as
of the chart reaching the highest values (as shown  in Figure 7 from June to September it is observed
in Table 4) of -8,581 dB for corn, -10,93 dB for  that VV exhibited lower values, while corn and soy
oats, -7,467 dB for soy, -9,457 dB for spring barley,  obtained higher values compared to other crops.
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Figure 10 — The backscatter values (dB) of crops on multi-temporal Sentinel-1 images in VV polarization
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The
valuable

radar backscattering
information about

intensity gives
the shapes and
properties of the crops. SAR sensors are sensitive

to significant crop structural elements like height,
shape, leaves, and stems in crop fields (Soria-Ruiz
et al., 2007).

Table 3 — Backscatter intensity values of temporal VH band for the crops in the Karasai district region from April to September 2021

Date corn oats soy :)I::lzi s[:);i:;g sugar beet Vvt]ilrltz: safflower :)V;:lt:;
Apr 3 -21,146 -20,266 -21,811 -21,513 -20,997 -21,544 -21,904 -22,222 -21,776
Apr 15 -23.919 -24,406 -24,28 -22.911 -24,447 -24,321 -23,551 -24,979 -24,452
Apr 27 -23.91 -25,02 -24,44 -23,967 -24,503 -24,964 -22,527 -24,546 -23,45
May 9 -22,98 -20,67 -24,4 -21,73 -21,098 -24,074 -20,802 -24,703 -22,663
May 21 -18,85 -16,53 -18,97 -17,194 -16,82 -18,798 -17,246 -17,632 -17,661
Jun 2 -21,29 -21,68 -21,55 -20,914 -21,533 -21,389 -20,499 -20,02 -21,255
Jun 14 -19,56 -20,29 -20,55 -21,087 -22,055 -20,809 -20,486 -19,437 -21,159
Jun 26 -18,27 -18,8 -20,24 -20,078 -19,383 -18,116 -20,268 -19,517 -20,139
Jul 8 -18,01 -20,65 -17,12 -21,128 -22,176 -19,394 -22,003 -20,078 -21,769
Jul 20 -17,79 21,5 -14,39 -22,196 -21,999 -19,829 -22,354 -21,84 -22,07
Aug 1 -17,33 -23,25 -16,31 -22,426 -24,26 -19,809 -23,238 -22,597 -23,249
Aug 13 -18,35 -23,45 -15,64 -22,255 -23,805 -20,9 -23,615 -24,088 -22,061
Aug 25 -17,94 -23,15 -16,18 -22,042 -23,567 -20,881 -22,567 -24,056 -21,943
Sep 6 -18,34 -24,01 -16,21 -21,601 -20,678 -19,87 -20,692 -25,016 -20,465
Sep 18 -19,95 -23,14 -16,25 -20,782 -19,368 -20,453 -20,273 -22,255 -19,711
Sep 30 -19,13 -24,36 -22,42 -20,948 -19,347 -20,341 -20,755 -19,985 -20,293

In the figures the backscattering values at the
beginning of the growing stage present relatively
similar values and regarding the mid-stage of the
growth period crops have significant differences

in backscatter values due to variations in the
physical characteristics of the crops and the SAR’s
sensitivity to the geometrical features of the

patterns.

Table 4 — Backscatter intensity values of temporal VV band for the crops in the Karasai district region from April to September 2021

Date corn oats soy ;2?125 S[());i:;g sugar beet vv‘;illll;:: safflower :)V::;:;
Apr3 -11,126 -10,689 -10,532 -10,576 -10,001 -11,013 -11,275 -11,396 -11,144
Apr 15 -14,013 -14,246 -12,265 -12,121 -11,535 -13,443 -12,848 -13,923 -14,451
Apr 27 -13,23 -14,99 -13,42 -13,216 -13,662 -13,626 -12,267 -14,355 -13,323
May 9 -12,22 -13,84 -12,24 -12,117 -12,273 -13,029 -11,806 -12,402 -13,137
May 21 -8,581 -10,93 -7,467 -9,457 -11,404 -9,729 -9,652 -9,323 -10,246
Jun 2 -11,99 -15,7 -11,95 -14,062 -15,745 -15,015 -13,555 -11,851 -14,891
Jun 14 -10,95 -15,06 -12,47 -14,208 -15,32 -14,96 -13,553 -10,776 -15,003
Jun 26 -9,245 -13,35 -11,73 -12,233 -13,409 -12,708 -12,846 -10,657 -13,957
Jul 8 -10,4 -13,68 -8,668 -12,548 -14,007 -12,173 -12,852 -11,316 -14,729
Jul 20 -10 -13,21 -8,261 -12,397 -13,418 -11,523 -12,229 -12,47 -14,006
Aug 1 -9,792 -13,47 -9,005 -13,039 -14,07 -11,719 -13,204 -12,746 -14,349
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Table continuation

Date corn oats soy :)I::lléff SI:);itl;g sugar beet vvvvil:l::: safflower :)V:;lt:;
Aug 13 -10,27 -13,93 -8,194 -12,967 -14,253 -11,799 -13,546 -13,423 -13,955
Aug 25 -10,02 -13,73 -8,505 -12,927 -14,317 -11,435 -13,286 -14,131 -14,991

Sep 6 -11,12 -14,83 -9,486 -12,516 -11,485 -11,022 -11,139 -14,418 -10,389
Sep 18 -12,24 -14,37 -10,98 -11,625 -10,637 -11,669 -11,088 -11,001 -10,429
Sep 30 -10,43 -15,1 -13,12 -11,582 -10,4 -11,988 -10,912 -10,202 -10,37

The results also indicate that there is an  soy and corn showed higher NDVI values during the

association between Sentinel-1 SAR backscatter
values and plant variables during the different
phenological stages.

Conclusion

According to the results of the study of satellite
images, the period of higher biomass values for most
crops was observed around in June and NDVI values
ranged from 0,3 to 0,7. Leaf senescence is evident
in late August in soy and corn, mid-September in
sugar beet, and July in oats, spring oats, spring
barley, winter barley, winter wheat, and safflower.
Also, it is observed that among all of the crops oats,

growth stages. The trend charts of backscattering
values are quite correlated with the NDVI values
trend. However, the maximum values for most of
the crops are observed in the period of the beginning
of full biomass and range between -6 and -12 dB
in VV and -20 and -15 dB in VH. Thus, this study
has found that NDVI with backscatter values of
VV/VH can be considered one of the effective tools
for distinguishing and analyzing the phenological
changes of different types of crops. The reviewed
method may be helpful for agriculture managemen
t and monitoring of crop identification and cropland
mapping, crop growth stages, crop damage/health
monitoring, precision agriculture, etc.
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