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Abstract

The barley crop is widely used in the economic life of humanity and is characterized by great
ecological plasticity. It is a good competitor to other cereals, which is why it is extremely suitable for
growing in organic farming. The multispectral data obtained from the COPERNICUS Sentinel-2
satellites has proven in numerous scientific works its applicability to support crop monitoring. In that
way, that data is invaluable in optimizing the production processes. In this study, a comparison was
made between satellite data products derived from the COPERNICUS Sentinel-2 optical and Sentinel-
1 SAR data, as well as studying their statistical relationship with the yield of the organically grown
barley. The spatial resolution of all products is 10 m. The utilization of both satellite data types for
monitoring and forecasting the yield of organically grown barley has been verified. The BBCH-41
phase was found to be the most suitable for the utilization of Sentinel-2 optical data to generate a
different set of vegetation indices for yield prediction. In that phase, most of the tested vegetation indices
showed successful yield prediction. The most relevant is the Green Chlorophyll Vegetation Index
(GCVI; r = 0.80), which has the highest correlation with the yield. Considering SAR data, the
backscatter in co- and cross-pol were derived in terms of Sigma-Nought. The Radar Vegetation Index
in dual-pol (dRVI) was also calculated. As reported in other studies, a correlation is observed between
dRVI and vegetation indices (e.g., NDVI). Whole output SAR products are sensitive to the geometrical
properties of the crop and represent in various extent the phenological development of the organic
barley. In this regard, SAR data complements optical data and provides reliable information on crop
conditions during periods of high cloud cover. Bearing in mind that very often these periods coincide
with phenological phases that are critical in crop development.

Introduction

Barley remains an important crop for feeding the population, especially in
dense and poor population areas such as Asia and North Africa, with an increased
interest in it worldwide due to its good nutritional qualities [1]. Besides nowadays
satellite data find various applications for monitoring objects in outer space such as
the moon [2], but also a great application for observations of the earth, such as
atmospheric pollution [3], management and monitoring of landfills [4], glaciers and
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permafrost [5], monitoring of fires and the processes of restoration of territories after
fires [6], one of the main applications is for crop monitoring [7]. The application of
such data in agricultural management could foster decision-making, mostly in
organic agriculture [8]. The combined use of Sentinel-1 and Sentinel-2 data allows
monitoring of plant growth conditions with high spatial resolution [9]. In scientific
literature, active microwave systems, such as Synthetic Aperture Radar (SAR) [10],
are also well utilized in agricultural studies. The high utilization value of the
C-band COPERNICUS ESA'’s Sentinel-1 SAR (S1) satellite system with its dual-
polarization capabilities has proven its sensitivity to the geometrical structure of
crops by means of the dual-pol Radar Vegetation Index [11]. Also, S1
dual-polarization SAR has been successfully utilized in land cover mapping of the
natural scatterers, especially crops [12]. By understanding the temporal behavior of
the SAR backscatter from S1 of the cross-pol (VH) with respect to the co-pol (VV),
a conclusion may be drawn about the crop development during the growing season
[13]. Because of that sensitivity, SAR data also find high feasibility in classifications
and phenology phases determination of different types of crops [14]. Furthermore,
the combination of optical and radar data shows susceptibility of distinguishing
different types of cereal crops [15]. This type of data is used in predicting wheat
yields grown under conventional farming conditions [16]. The SAR systems are
valuable in the monitoring of agricultural crops, since unlike the optical ones,
measurements are not affected by meteorological conditions, nor depend on a
celestial body for illumination, for the sake of active microwave systems [17].

The general objective of the study is to test which satellite data type, provided
by S1 or S2, is more suitable to be used in monitoring organic barley yield, and how
much the calculated indices correlate with the biophysical parameters.

Materials and Methods
Study area

This study was conducted in the agricultural year 2022-2023, with the study
area located in the land of the village of Byala Reka, Parvomay municipality region,
Plovdiv in South-Central Bulgaria. The ground yield data are collected from an
organically certified field planted with barley, which is part of the farm of ET
"Borislav Slavchev"”, Fig. 1.
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Fig. 1. Map of the location of the study field

Methodology

The general aim of the methodology is to test statistical correlation between
satellite observables from optical and SAR data, and in-situ measurements of
biological and physical parameters of organic barley, during its phenological phases.
The common methodology is presented in Fig. 2.
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Fig. 2. Methodology that aims to derive correlation results from satellite data
with the in-situ measurements
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Phenological observations

Registration of the main phenological phases was made using the BBCH
scale-BBCH-41 early boot stage and BBCH-51 beginning of panicle emergence [18].
The onset of each phase is when 25% of the plants have entered it. Reporting takes
place when 75% of plants are covered in the relevant phase. In the EOS Crop-
monitoring platform in phenological phase tillering BBCH-21, three pixels were
selected in the field with vegetation index NDVI values of 0.8, 0.7, and 0.6,
respectively. The pixels have a size of 20 m x 20 m, and in each of them, a sample
site with dimensions of 10 m x 10 m is organized. Upon reaching the technological
maturity phase, BBCH-99, GPS coordinates were taken at the four ends of the trial
site, and all plants of 4 plots, each sized 0.25 m x 0.25 m.

Biometric measurements

Biometric studies were made using the methodology of Shanin (1977) [19].
Before harvesting, all plants of 0.25 m x 0.25 m in 4 replicates are taken in the three
different levels of the NDVI vegetation index. In each plot all plants were counted,
and on 25 plants the following indicators were tracked: Plant height (cm); Class
length (cm); Grains in the class (humber); Grain mass in the class (g); Biological
yield (kg/da); Physical qualities of the grain; Mass per 1000 grains (g) for four
replicates.

Optical data

In the GIS environment, the pixel values for each of the sample sites in the
field were extracted from the generated vegetation indices (V1) for all of the studied
fields by means of the optical data from S2 and SAR from S1. Hence, the following
vegetation indices were utilized in the study: GCVI, SR, OSAVI, and EVI2.
Furthermore, thematic maps were elaborated for the field studied, together with the
corresponding VI (Fig. 3). In the next step, yield maps for the field under
investigation were elaborated using VI and yield data.
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Fig. 3. GCVI index calculated from S2 data, with test area boundary overlaid

SAR data

Radar measurements from the Copernicus mission Sentinel-1 C-band dual
polarization SAR instrument were used to complement the study. Ground Range
Detected (GRD) products are utilized in ascending (ASC) and descending (DESC)
orbits, which refers to an early morning acquisition at about 4 h local time, and
afternoon acquisition at about 16 h local time. The approach considers orbit
averaging of two adjacent acquisitions in the span of four months during crop
development, having the following dates corresponding to the in-situ measurements:

- 5.3.2023 (ASC), 6.3.2023 (DESC)

- 17.4.2023 (ASC), 18.4.2023 (DESC)
- 29.4.2023 (ASC), 30.4.2023 (DESC)
- 23.5.2023 (ASC), 24.5.2023 (DESC)

Radar processing comprises Sigma-Nought calculation for both polarizations,
Lee-speckle filter with a window size of 3 x 3, conversion of linear values to decibels
(dB), and terrain correction. The dual-pol Radar Vegetation Index (dRVI) is then
calculated from both polarizations [11]. SAR processing is held in ESA SNAP
software, represented in Fig. 4.

86



. Speckle Calc Stat
Calibrate — il —> dRVI —> Geocode —> todB — Mean dRVI

Fig. 4. Processing steps of SAR dual-poi data from S1, in SNAP

An orbit averaging is performed from ASC and DESC orbits, representing
the final SAR estimation of the organic barley during terrain campaigns (Fig. 5).
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Fig. 5. The orbit-averaged dRVI index, calculated from S1 SAR GRD products at the test
area with organic barley, covering four time periods from March to May 2023

Statistical analyses

In the proposed methodology, statistical relationships are studied with optical
but also with SAR observables. Spatial statistical analysis is held in QGIS and
ArcGisPro©, where buffers with a radius of 10 m around the in-situ points are
created to be used as “zones” in the concurrent zonal statistics. Furthermore, values
of VI and dRVI are extracted in MS Excel format for concurrent correlation analysis.

Considering the SAR data, two statistical tests are performed. The first
considers the statistical mean metric from correlation with productivity crop
parameters by the closest SAR measurements around the reference in-situ date. The
second test considers standard deviation and variance metrics.

The concurrent correlation analysis, which aims to statistically determine the
most suitable VI for monitoring phenology development of organic barley by means
of remote sensing methods, was conducted in MS Excel. It is assumed that a
Pearson’s correlation coefficient (r) in the range of 0 to 0.33 indicates a weak
correlation, 0.34 to 0.66 indicates a moderate correlation, and 0.67 to 0.99 indicates
a strong correlation [20].
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Results and Discussion

Figure 6 represents the correlations of GCVI, SR, OSAVI, and EVI12 with the
performance elements in phase BBCH-41. From the figure, it is observed that all
four VI are highly correlated with the productivity parameters, such as Plant height
(cm), Number of spike-like stems per m?, as well as the Number of grains per spike.
All that shows the suitability of S2 in the production monitoring of organic barley.

YIELD ORGANIC BARLEY ON S2 DATABECH-41

1.00

0.80

0 |||| IIII ‘||| |I|I IIII ||||

Plant height (cm) Length of ear of Number of spike- Number of grains Weight of grains Yield kg/da
wheat(cm) bearing stems of inthe class in one class (g) gral
m2

0.

o
o

0.

B
=}

0.

=]
o

0.

o

-0.20

-0.40

EGCVI mSR mOSAVI mEVI2

Fig. 6. Correlation of organic barley parameters with S2 data in phase BBCH-41

Figure 7 represents the results of the correlation analysis between the mean
dRVI values calculated from S1. The index was correlated with the BBCH-30, 41,
51, and 77 phases. Itis clear from the figure that the dRVI index has a strong negative
correlation with yield, but only during the last BBCH-77 phase. In addition, the index
also shows a strong negative correlation with the Number of spike-bearing stems of
m?. That gives us the reason to conclude that we can use the dRVI index for better
monitoring of the plant when the crop enters the final phase of its development.
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Fig. 7. Correlation of organic barley parameters with Sentinel-1 mean values

Figure 8 represents the result of the correlation analysis between the standard
deviation of the distribution of dRVI values in the sampling buffer region of the in-
situ data. In the analysis of the data, it is found that the standard deviation shows
very good correlation with the yield in the phases BBCH - 41 and 51, which are
critical phases of the crop development. This is explained by the fact that the
volumetric scattering increases with the development of the crop, which implies a
greater variation of the values in the statistical average region. A growing correlation
convergence with the development of the crop and the standard deviation of dRVI is
also observed, which is also proven by the high correlation dependence with the
Number of spike-bearing stems of m?.
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Fig. 8. Correlation of organic barley parameters with S1 data on standard deviation

Conclusion

From the conducted analysis, it can be concluded that the S2 optical data are
more suitable for the objective of the study, as these data allow monitoring the yield
of organic barley with multiple vegetation indices (VI) during most vegetation
phases. The radar data obtained from S1 complements the analysis for the monitoring
of the organic barley crop while also providing yield information. In spite of this, the
dRVI radar vegetation index is shown to be sensitive to crop development. This
allows us to use this VI to determine when a crop has entered the final phase of its
development.
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CPABHSIBAHE HA JIBA TUIIA CATEJINTHU JAHHU, OIITUYHU
OT SENTINEL-2 U PAAAPHU OT SENTINEL-1 SAR
3A ITIPVIOKUMOCTTA UM 3A TIPEJCKA3BAHE HA TOBUBA
OT BUOJIOI'MYEH EYEMHUK

M. Yanes, 3n. Jumumpos
Pe3iome
CeCKOCTONAHCKUTE KYJITYPU OT €YEMHK Ca IIUPOKO U3I0JI3BaHU B UKOHO-

MHYCCKHA KUBOT HAa YOBCUCCTBOTO U CC XapaKTCPU3UPAT C TOJidsMa CKOJIOTMYHa
IJIAaCTUYHOCT. Hopaﬂn ,I[O6pI/IT€ CH MoKa3aTejiv, CHCMHUKDBT € KOHKYPCHT Ha APYTUTC
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3BPHEHH KYJITYPH U € U3KIIOUYUTETHO MOIXOAAI] 32 OTIIIeKAaHe B OMOJIOTHYHOTO
3eMezenre. MynTHCIIEKTpaIHUTE JaHHU OT Sentinel-2, momy4yaBaHu MO Hporpama
KOITEPHUK (COPERNICUS) na EC, ca mokaszamu CBOSTa IPHJIOKHMOCT IIPH
MOHUTOPHHIA Ha 3€MEAEICKUTE KyITypH B MHOTOOPOMHHM HaydHH H3CIICABAHUSL.
Te3u nanHu ca OE3LEHHU 3a ONTHMU3HMPAHE HA TMPOU3BOJICTBEHUTE MPOLECH,
BKJIIOYBAIIM TO3U BUA KyaTypa. Llenta Ha HAcTOAIIOTO M3CiIEABaHE € aHANIN3 HA
MIPHIIOKUMOCTTA Ha carenutauTe JarHu 1Mo mporpama KOIIEPHUK na EC Ha nBara
TUTIA CaTeJIMTHH JaHHU 32 MOHUTOPHHT U MPOTHO3UpaHe Ha J00KMBa OT OMOJIOTHYHO
oTriexaan edeMuk. HampaBeHo € cpaBHeHHE MEXIY CaTeIUTHU AaHHH, MOTyYCHU
OT ONITHYHH CATEIMTHU CEH30pH OT MHCHATA Sentinel-2 U OT pamapHU CaTeIUTHH
cemzopu Tun SAR ot mucusra Sentinel-1. [lpoydena e TsxHaTa cTaTucTHYecKa
Bpb3Ka ¢ J00MBa Ha OHOJOTMYHO OTIVIeXKAAaH edeMuK. IIpocTpaHcTBeHATa
paszenuTesHa ciocoOHOCT Ha BCHUKU U3XOAHU MPOIYKTH OT CaTeIMTHUTE JaHHU €
10 m. VYcranoBuxme, uye @Pazara BBCH-41 ce oxa3Ba Hali-mogxoidina 3a
M3I0JI3BaHETO HA ONTUYHHUTE JaHHH OT Sentinel-2 ¢ 1en reHepupane Ha pa3invyeH
HabOp OT BEreTallMOHHW MHJIEKCH 3a MPOTHO3MpaHe Ha OWOJOTHYHHSA JOOHWB OT
KyJITypaTa €4eMHK, OTIVISKJaHa B YCIIOBHATA Ha OMOJIOTHYHO 3eMmenenue. B to3u
aCIeKT Hal-ToJisiMa MPHUIOKUMOCT TTOKa3Ba 3eJICHUST XJIOpOpHIIeH BereTallioHeH
unnekc unaekc (GCVI), koiito uma Haii-BHCOKa Kopenauusi ¢ J00HBa, KBICTO
koedurmenra Ha [Tuapcwr e (r = 0.80). Ilpu pasrieknaHe Ha pafapHUTE TaHHUA OT
SAR, e uzuucieH PamapHusiT BereTaMOHEH HHAEKC B JBOHHA MOJIIPUMETPHS
(dRVI) B HsIKOJIKO BpeMEeBH MEpHOJIa TI0 BpeMe Ha BereTanus Ha Kyntypara. Kato e
JIOKJIaJIBAaHO M B JIPYrW M3CJIeIBaHMA, ce HaOmomaBa xopenanusa mexny dRVI u
HOPMAaJIM3UpaHHs Pa3IMKOB BEreTallMOHEH MHAEKC Mo onTHuHM aaHHu (NDVI).
HabmonaBa ce, e Bcuuku u3XoMHH SAR mNpoaykTH ca UYyBCTBUTETHH KbM
TeOMETPUYHHUTE CBOMCTBa Ha KyJATypara W B paszfd4Ha CTENeH OTpa3sBaT
(EHONIOTMYHOTO pa3BUTHE Ha PA3MISKIAHMS €UYEMHK, OTIJIEXKJaH B YCJIOBHUS Ha
OHMOIOTMYHO 3eMejeNiie. B To3u KOHTEKCT pagapHuTe naHHU OoT SAR mombiaBar
ONITHYHHUTE TAKWBA, KATO MPEJOCTABAT Ha/eXKTHa MH(PopMaIus 32 PEeHOTOTHIHOTO
CHCTOSIHUE HA 3€MEJCIICKUTE KYITYpH.
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