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The scope of the presented thesis, it is aimed to obtain highly accurate yield
estimation by applying Artificial Neural Networks (ANN) and Simple Linear
Regression (SLR) methods on sunflower parcels in a certain area using Sentinel-
1 Synthetic Aperture Radar (SAR) and Sentinel-2 optical satellite images. The
2018 Sentinel-1 and Sentinel-2 satellite images of the sunflower farming region
in the Zile district of Tokat province were examined. First, the Normalized
Difference Vegetation Index (NDVI), Normalized Difference Vegetation Red-
Edge-1 (NDVIR1), Optimized Soil-Adjusted Vegetation Index (OSAVI), and
Inverted Red-edge Chlorophyll Index (IRECI) were obtained from Sentinel-2
satellite images. Then, the correlations between these indices and reference yield
data were examined separately. The highest correlation in all examined
vegetation indices examined was determined on 30 June, 8 July, and 10 July.
Using the SLR method, OSAVI (R?=0.75 RMSE=22.47 kg) gave the best result
during the heading period on 30 June. However, when the indices are processed
as a single input value in the ANN method, the best result is obtained from NDVI
(R?=0.76 RMSE=22.07 kg) in the 30 June heading period. The ANN method gave



better results than the linear regression method on all dates. The best estimation
study was made with the ANN method in the NDVI and NDVIR1. When the four
indices were processed together as input values, the best result was again
obtained during the heading period on 30 June (R?=0.78 RMSE=21.59 kg). In the
ANN method, it was concluded that using the indices together as inputs reduces
the error rate in yield estimation. The phenological stages and yield values of the
sunflower plant were determined with high accuracy by the ANN method.
Secondly, backscattering and coherence values obtained from Sentinel-1
satellite images produced close values in both VH and VV polarizations in most
of the dates considered, but in the ANN method, VV polarization produced better
values than VH polarization. When the yield estimation was made with the
backscatter values, the best result in the ANN method was obtained in the VV
polarization on June 29 (R?=0,09 RMSE=42,46 kg). When the yield is estimated
with the coherence values, the best result was obtained on the 5th of July-11th
in the VV polarization (R?>=0.01 RMSE=46.24 kg). The results showed higher
errors compared to optical data. When the R? value and the average RMSE are
compared with the values obtained from the indices values, it is seen that the
contribution of the backscatter and coherence values is very little or not in the
yield estimation. The use of backscatter and coherence values alone in the yield
estimation is not recommended for this study. Lastly, when the values obtained
from optical and SAR satellites are used together, the best result was obtained
during the heading period between 29 June - 5 July (R?=0.67 RMSE=26.83 kg).
The estimated yield values were found with acceptable accuracy. However, the

values did not improve.
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OZET
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Tez Danismani: Dog. Dr. Saygin ABDIKAN

2023

Sunulan tez kapsaminda, Sentinel-1 Sentetik Acikli Radar (SAR) ve Sentinel-2
optik uydu goruntulerini kullanarak belirli bir alandaki aygigedi parsellerinde
Yapay Sinir Aglari yontemi (YSA) ve Lineer Regresyon yéntemi uygulanarak
verim tahmininin yiksek dogrulukla elde edilmesi hedeflenmistir. Tokat ilinin Zile
ilcesinde yer alan aycicegi tarim bolgesinin 2018 yilina ait Sentinel-1 ve Sentinel-
2 uydu goéruntileri incelenmistir. ilk ®nce, Sentinel-2 uydu gdrintilerinden
Normallestirilmis Fark Bitki Ortiisii indeksi (NDVI), Normallestiriimis Fark Bitki
Ortlisti Kirmizi Kenar 1 Indeksi (NDVIR1), Optimize Edilmis Toprak Ayarl Bitki
Ortlisti Indeksi (OSAVI) ve Ters Kirmizi Kenarli Klorofil indeksi (IRECI) elde
edilmistir. Daha sonra bu indeksler ile referans verim degerleri arasindaki
korelasyonlara ayri ayri bakilmistir. incelenen tiim bitki indekslerinde en yiiksek
korelasyon 30 Haziran, 8 Temmuz ve 10 Temmuz tarihlerinde elde edilen
verilerle belirlenmistir. Lineer regresyon metodunda en iyi sonucu, OSAVI
(R?=0,75 RMSE=22,47 kg) 30 Haziran tarihinde gigcek tablasi olusum déneminde
vermistir. Ancak, YSA yonteminde indeksler tek girdi degeri olarak isleme
alindiginda , en iyi sonug¢ 30 Haziran tarihinde gigek tablasi olusum ddéneminde
NDVI'dan (R?=0,76 RMSE= 22,07 kg) alinmigtir. YSA yontemi, lineer regresyon

metodundan tum tarihlerde daha iyi sonug vermistir. En iyi tahmin ¢alismasi NDVI



ve NDVIR1 verileriyle sinir agi yontemiyle yapiimistir. Dort indeks birlikte girdi
degeri olarak isleme girdiginde, en iyi sonu¢ 30 Haziran (R>=0,78 RMSE= 21,59
kg) tarihinde yine gigek tablasi olusum déneminde alinmistir. YSA yonteminde,
indekslerin girdi olarak birlikte kullaniimasi, verim tahmininde hata oranini
azalttigr sonucuna varilmistir. YSA ydntemi ile aygicedi bitkisinin fenolojik
asamalari ve verim degerleri yuksek dogrulukla belirlenmistir. Daha sonra,
Sentinel-1 uydu goruntulerinden geri sagilim ve uyumluluk degerleri hem VH
hemde VV polarizasyonunda Uretilmistir. Ele alinan ¢ogu tarihte, incelenen
polarizasyonlar birbirlerine yakin degerler Gretmistir ancak YSA yonteminde, VV
polarizasyonu VH polarizasyonuna gore daha iyi degerler tUretmistir. Geri sagilim
degerlerleri ile verim tahmini yapildiginda, YSA metodunda en iyi sonug 29
Haziran VV polarizasyonunda alinmistir (R>=0,09 RMSE= 42,46 kg). Uyumluluk
degerleri ile verim tahmini yapildiginda en iyi sonu¢ 5 Temmuz-11 Temmuz
tarihinde VV polarizasyonunda alinmistir (R>= 0,01 RMSE= 46,24 kg). Bulunan
sonuglar kabul edilebilir dogrulukta bulunmamistir. R? degeri ve ortalama RMSE,
indeks degerlerinde elde edilen degerlerle kiyaslandiginda geri sagilim ve
uyumluluk degderlerinin verim tahmininde katkisnin ¢ok az yada olmadigi
gorilmustir. Geri sagilim ve uyumluluk degerlerinin tek basina verim tahmininde
kullaniimasi bu c¢alisma igin dnerilmemektedir. YSA yontemiyle, optik ve SAR
uydularindan elde ettigimiz degerler birlikte kullanildiginda, en iyi sonu¢ 29
Haziran- 5 Temmuz tarihinde gigek tablasi olusum déneminde alinmistir (R>=0,67
RMSE= 26,83 kg). Tahmin edilen verim degerleri, kabul edilebilir dogrulukta

bulunmustur. Ancak degerler iyilesmemistir.
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1. INTRODUCTION

1.1 Purpose and Scope

It has become very difficult to ensure food safety, due to the increasing population
and negative meteorological effects. Therefore, it is very important to provide the
timely processing of agricultural products and reliable information about crop
development. The evolving era and technology aim to learn as quickly as possible,
reliably, and easily. For this, remote sensing technologies, which provide us with
the necessary facilities and are used in smart agriculture applications, seem to be
a very good option. Remote sensing technology by satellite is providing more and
more accurate and reliable results by using various methods for these
requirements. One of the most widely used areas of remote sensing techniques is
agricultural applications. Such as the phenological time of the plant, yield
estimation, creating a product mold, increasing product yield, and determining soill
salinity [1]. For example, vegetable oils are especially important in people's
nutrition. Sunflower (Helianthus annuus L.), is one of the world’s leading sources
of vegetable oil production. It is an oilseed plant with a wide planting area and
production in the world. The sunflower plant can grow in moist and dry conditions
and provides easy adaptation to the soil. This is the advantage of the sunflower
plant [2]. The ongoing climate changes around the world are causing extreme
temperatures, drought, and salinity, which are certain stress components in
agriculture. These effects decrease the yield and cause crop loss [3]. Particularly,
salinity is one of the factors leading to a decrease in sunflower production by more
than 60% worldwide [4]. The salinity tolerance of sunflower is 8.4 dS / m- 1, and
an increase in each salinity unit relative to the tolerance level reduces the yield
amount of sunflower seeds by about 5% [5]. Therefore, it is very important to get
the maximum yield from the sunflower plant. The use of remote sensing techniques
has become quite widespread in order to make faster and more reliable yield

estimates.

Crop yield estimation is seen as an important requirement for taking precautions
against drought in advance, ensuring food security for many years, monitoring
plant agriculture in fast and large areas, and increasing the well-being of farmer

families. In crop yield estimation studies, yield estimation is most often performed



based on land reports, but this method is a time-consuming, costly method with a
high tendency to error [6]. Crop yield estimation and growth phases can be
performed with both optical and Synthetic Aperture RADAR (SAR) satellites.
Optical and SAR data can be used together to complement each other, depending
on the study’s conditions. Optical sensors operating in the optical wavelength
portion of the electromagnetic spectrum are placed in satellite systems that allow
viewing all or part of the earth. Different spectra represent different landforms. They
can be distinguished by processing satellite images. These high resolution images
are highly preferred in agricultural applications due to their low cost, ease of
processing, and short-term reproducibility. Vegetation indices are obtained by
different combinations formed between different bands in optical satellite images
and the proportioning of these combinations to each other. Vegetation indices play
a crucial role in monitoring changes in vegetation [7]. In yield estimation studies,
vegetation indices are preferred because they give highly accurate results. The
most widely used of these is the Normalized Difference Vegetation Index (NDVI),
presented in 1974 [8]. Different vegetation index types can be used in crop yield
estimation studies and other agricultural application studies. The vegetation index
types to be used should be determined by the purpose of the study [9,10]. The
Optimized Soil-Adjusted Vegetation Index (OSAVI) is one of the indices that, like
the NDVI, is used as a predictive indicator of crop growth. Product phenology plays
an important role as a series of growth stages and in determining the grain yield of
a single product property [11]. The study conducted by Marino and Alvino (2019)
also confirmed the ability of OSAVI to take into account the brightness of the soil
[11]. The Inverted Red-Edge Chlorophyll Index (IRECI) highlights the amount of
chlorophyll. Frampton et al. (2013) evaluated the biophysical variables with
Sentinel-2 images. They stated that the IRECI was better than the NDVI in
measuring the chlorophyll content of the canopy and showed high performance in
the study [12]. Optical satellite images have also some disadvantages. As the
optical satellites have passive sensors, they use the sun as an energy source and
are affected by weather conditions, and can not be used at night. SAR satellite
images are formed by determining the ratio between the electromagnetic energy
sent to the earth's surface and the electromagnetic energy returned to a receiver
[13]. The satellite sends the energy generated by itself to the Earth, and the energy
scattered back is detected and recorded numerically through an antenna. The
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energy returned to the sensor is called backscatter [14]. Backscatter is an
important quantity that shows the reflectance values of the parcels opened on the
radar image relative to each other. It is used as an important value in determining
the different phenological stages of the crop in agricultural monitoring applications
[15]. For example, Nasirzadehdizaji et al. (2021), confirmed that there is a high
correlation between the backscatter value obtained from the Sentinel-1 radar
satellite image and the growth stage of the crops [15]. The coherence value
produced from several SAR images at different times can be used as a
guantification to determine the signal-to-noise ratio [16]. For example, Amherdt et
al. (2022) investigated the contribution of the coherence value to the backscatter
value obtained from the Sentinel-1 satellite image for soybean and maize analysis.
Consequently, C-band and VV polarized data may be a suitable parameter to map
soybean and maize, while adding coherence to the backscatter information.
However, they concluded that when the preferred variables for classification are a
combination of dual-polarized (VV and VH) backscattering, it is not relevant to add
coherence because of less enhancement and high computing overhead [17].
Unlike optical satellites, SAR satellites use their energy sources. They may perform
day or night and are unaffected by the weather, but radar systems, display errors
due to topographic effects, and speckle-noise effects on images are
disadvantageous compared to optical systems and their processing and evaluation

are a bit more complex [18].

Due to the various limitations of optical and SAR satellites in yield estimation
studies, there is a growing interest in the joint use of both for agricultural purposes.
For this purpose, there are many studies in which optical and radar satellites are
used together in agricultural applications [18]. Fiezal et al. (2016) estimated the
yield of crop maize plants using the artificial neural network method using optical
(Spot-4/5, Formosat-2) and microwave (TerraSAR-X, Radarsat-2) satellite images.
They determined that for the maize plant, the optical satellite gave the best
estimation result in the red wavelength, and the adaptation of the backscatter
values remained lower in the yield estimation [19]. In their study, Ranjan and Parida
(2021) tried to estimate the yield estimation of rice crops using three different
methods using MODIS satellite from optical satellites and Sentinel-1 satellite

images from radar satellites together. As a result of this, they stated that when they



used the Multiple Linear Regression (MLR) models according to the optical image,
they got better results than the radar image based on the SAR satellite [22]. The
preferred method as well as the satellite image used in crop yield estimation
studies can positively affect yield estimation. Artificial Neural Networks (ANN) and
linear regression are broadly preferred in agricultural applications, especially for
yield prediction. Simple Linear regression (SLR) is a conventional method, it
establishes a linear relationship between satellite images and vegetation indices,
phenological stages of plants can be examined and yield estimation can be
studied. ANN is a relatively new method compared to the SLR method [23]. ANN
symbolically represents interconnected processing neurons or nodes in the human
brain, and is used to develop the relationships between variables and the models
created [24]. ANN is a trial and error method that has many features of the human
brain, it is a method that learns with experience, they make new inferences by
reducing the previously learned information to general. In many studies, it has been
stated that the inferences made with this method give high accuracy. Ballesteros
et al. (2020) used multispectral images obtained with an Unmanned Aerial Vehicle
(UAV) and compared the ANN and other linear modeling techniques to estimate
the yield of the Vineyard. As a result, they stated that the ANN technique gave
much better results than other SLR models [25]. Ashapure et al. (2020) presented
a machine-learning approach for cotton yield estimation which has been developed
using multi-temporal remote sensing image acquired by a UAV system. Three
categories of product attributes generated from UAS data were used in the
proposed model's ANN to predict efficiency. The performance of the ANN model
was compared with Support Vector Regression (SVR) and Random Forest
Regression (RFR). The comparison results revealed that the ANN model performs
better than SVR and RFR. It was stated that the ANN model technique of their
cotton yield estimation is a safe model that can be used in crop yield estimation
[26].

1.2. Aim of the thesis

The study aims to obtain accurate yield estimation and phenological time by
applying the ANN method on sunflower parcels in a certain area using Sentinel-
1C-band data and multi-spectral Sentinel-2 satellite images. In addition, it is aimed

to examine the relationship between vegetation indices calculated by creating time



series and yield. The main objectives of the research can be listed in detail as

follows;

e Performing high-accuracy yield analysis using optical and radar satellites
together with NDVI and NDVIrel, which are highly accurate spectral index
options in the field of agriculture, and IRECI and OSAVI, which are index
types that have not been studied much before.

e Investigation of the contribution of Sentinel-1 and Sentinel-2 satellites in
achieving high accuracy results in yield analysis with the ANN method.

e Investigation of the effects of using vertical-vertical (VV) and vertical-
horizontal (VH) images of SAR satellite.

e Contribution of coherence feature derived from multi-temporal VV and VH
data.

e Determination of the most appropriate phenological time in yield estimation.

e In addition, it is aimed to investigate to what extent this study can contribute

to local institutions and organizations.

In this study, using backscatter, and coherence of Sentinel-1 and 4 vegetation
indices of Sentinel-2 satellite data will be produced separately for each image. By
using the ANN method, yield estimation will be made on the test parcels where the
sunflower plant gives the highest correlation in the phenological growing stage.
The SLR and ANN methods were compared.

1.3 Thesis Structure

There are seven chapters in the thesis. The first part presents the role of remote
sensing in agriculture and summarizes the purpose of the study. The second part
includes the studies done with optical and SAR satellite images in the past and
reveals the difference in this study. The third part covers the study area and
materials and examines the optical and SAR satellites and the data we obtained
from these satellite images. In the fourth part, the preprocessing steps of satellite
images are explained. The fifth part examines the result of the study separately
and together for optical and SAR satellites. The sixth chapter includes discussion,

and the seventh and final chapter contains general conclusions and future work.



2. RELATED WORK

In the literature, there are many studies on agricultural product detection by remote
sensing methods. These studies are promising for agricultural product detection.
Therefore, in recent years, like all other agricultural products, studies on the

sunflower plant have increased.

In the field of crop agriculture, many different studies such as yield estimation,
creation of time series, determination of phenological phases of the product, length
determination, estimation of leaf area index, and determination of soil salinity have
been carried out and different methods have been developed. Sometimes only
optical images, sometimes SAR satellite images, and sometimes both satellite
images were used in the studies and the results were examined. These studies
carried out cover different remote sensing techniques and different methods from

the past to the present.

Fieuzal and Baup (2016) estimated leaf area index (LAI) and crop height (CH) of
sunflower plant using optical and SAR satellite images from selected sunflower
fields from Southwest France. They used TerraSAR-X, Radarsat-2, Alos,
Formosat-2 and Spot-4/5 satellites and benefited from NDVI and Modified
Triangular Vegetation Index (MTVI2). As a result, they obtained the highest results
for Lun, Chr polarization and NDVI for LAl and CH. But, they stated that more

analysis is required to obtain more accurate and precise results [27].

Wenzhi et al. (2017) also investigated the effectiveness of statistical models
created by Partial Least Squares Regression (PLSR) and ANN in predicting the
yield of sunflower plants. Data from two years of sunflower field trials on plant
growth under various salt levels and nitrogen (N) application rates were utilized to
calibrate and validate statistical models in Hetao Irrigation District, Inner Mongolia,
China. Precise indices as inputs for the estimation of seed yield with the PLSR
model, all measured indices used in comparison with a comparable accuracy (Root
Mean Square Error (RMSE) = 0.81 t ha-1 and Coefficient of Determination (R?) =
0.77) (RMSE) = 0.93 t ha-1, R? = 0.69). They concluded that ANN outperforms
PLSR for estimated yield in different combinations, therefore it is a method that
can be used to determine yield [28].



Ameline et al. (2018) estimated the yield of maize plants using an agro-
meteorological model, using data from the Southwest of France, using Landsat-8
optical satellite imagery and Sentinel-1 SAR satellite image. As a result, they stated
that the estimation was lower with the use of these two satellites together, but it

was an acceptable result [20].

Narin (2019), determined NDVI and NDVIrel from Sentinel-2 images gave high
accuracy when RMSE values are taken into account in the phenological stages of
sunflower crop yield estimation by linear regression method [6].

Narin et al. (2021), examined the relationship between NDVired and NDVI
obtained from the Sentinel-2 satellite. They examined Linear Regression,
Convolutional Neural Networks (CNN), and ANN techniques using vegetation
indices and estimated the yield of sunflower plants. As a result of this study, they
obtained the best results with the CNN approach using NDVI with RMSE 20,874
Kg/da on 30 June 2018 and stated that there was no critical difference between
the indices, and they obtained the finest outputs with the CNN method [29].

Alebele et al. (2021) estimated rice grain yield by Gaussian kernel regression
method with Sentinel-1 interferometric coherence data using the red edge
difference vegetation index (RDVI1) and various indices obtained from Sentinel-2
optical satellite images. As a result, they concluded that the coherence values can
be used in the analysis of phenology levels of the crop and the Gaussian kernel

method can be used as a preferred method in yield estimation studies [21].

Narin and Abdikan (2022) determined the phenological growing stages of the
sunflower plant and estimated the yield by utilizing the seasonal Sentinel-2 images
and producing ten different indices from these images. They reported that the best
estimate was made by NDVI on 30 June (RMSE=10.80 kg/da and R?=0.74). They
came to the conclusion that Sentinel-2 satellite data might be utilized to monitor
the growth of the sunflower plant and to gather yield information roughly three

months prior to harvest. [30].

Amankulova et al. (2022) used Sentinel-2 images to determine sunflower yield with
RFR, in the study they conducted in Mezohegyes, Hungary. They used Sentinel-2
images obtained between April and September. They stated that the best time to

estimate sunflower yield from Sentinel-2 images was between 85 and 105 days at



the flowering stage, with high accuracy with RMSE values ranging from 121.9 to
284.5 kg/ha for different test areas. They concluded that they could predict

sunflower yield 3-4 months before harvest [31].

Cui et al. (2022) studied to estimate soil salinity under sunflower cover by taking
aerial images of four growing stages of sunflowers from six study areas between
July and September 2021 in Hetao Irrigation Zone in Inner Mongolia Province,
China, with a UAV. They investigated the correlation between vegetation indices
(VIs), salinity indices (SIs), electrical conductivity (EC), leaf area index (LAI), plant
height (H), three crop parameters and Soil Salt Content (SSC). Optimal
parameters were determined and the SSC prediction model was created using
ANN, Radom Forest, and MLR algorithms, respectively. As a result, they
determined that ANN and Random Forest method outperform MLR in SSC
prediction application and ANN is the best prediction model for the four growth

stages of sunflowers [32].

Khalifani et al. (2022), determined sunflower seed yield in both normal and salinity
stressed conditions, using MLR, ANN, and CNN approaches. They then
determined the most effective parameters defined in both conditions. As a result,
they concluded that head diameter parameter was the characteristic of sunflower
seeds that had the most influence, and that, when compared to MLR and ANN, the

CNN approach provided the most accurate prediction for sunflower seed [33].

Bognar et al. (2022) determined the yield estimation of corn, winter wheat,
sunflower, and rapeseed in Hungary with 16 different vegetation indices using the
MODIS optical satellite. As a result, they concluded that the yield accuracy can be
increased by adding meteorological data [34].

A.Sadenova et al. (2022) conducted a study in East Kazakhstan applying the
Gaussian function and Levenberg-Marquardt approach, they determined the yield
of sunflower with NDVI over a 7 day period. They determined that the estimation
error, depending on the week, varied between 0.67% and 10.7% each year, for the
examined period. This was considered a respectable accuracy in seasonal

analysis [35].

Abdikan et al. (2023), used Sentinel-1 and Sentinel-2 satellite images, to estimate
the crop height of sunflowers. They used SLR, MLR, ANN, EXtreme Gradient



Boosting (XGBoost), and CNN methods. As a result, the best models in all four
methods were constructed using rvh, concluding that NDVIred contributed more
from their previous work than NDVI. They determined that the ANN gave the
minimum error (RMSE = 3.083 cm) for the stem elongation span, while the second
best result was given at the flowering stage of the CNN (RMSE = 8.731 cm) [36].



3. STUDY AREA AND MATERIALS

This study was carried out on 48 sunflower parcels in the south of the Zile district
of Tokat province. Study area parcels were taken from the study of Narin (2019)
[6]. Sentinel-1 with Sentinel-2 satellite images, which contain 48 sunflower parcels,
were downloaded taking into account certain periods. The coherence and
backscatter values were obtained from the Sentinel-1 image and the four index
values (NDVI, NDVR1, IRECI, and OSAVI) were obtained from the Sentinel-2
satellite image. In this section, the study area, the phenological stages of the

sunflower plant, and the satellites used are explained in detalil.

3.1 The Study Area

The test site was chosen from the cropland of Tokat province located between the
Fatih and Kursunlu villages of the Zile district. Zile is one of the oldest settlements
in Anatolia, it is Turkey's 169th-largest district in terms of area [37]. Zile Province
is between 39° 52' and 40° 55' north latitudes and 35° 27' and 37° 39' east

longitudes.

Zile district is located 67 kilometers west of Tokat province in the central Black
Sea. The weather in the region is hot and dry during the summer season and
snowy and cold in winter. From June to September the weather is hot. From
December to February the weather is cold. It is usually rainy in April, May, June,

November, and December.
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Figure 3.1. Tokat Province Zile District

The average air temperatures of the Zile district by month are shown in Figure 3.2
[38].
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Figure 3.2. Average Air Temperatures of Zile District

The average cloudy, sunny, and rainy days of Zile District are shown in Figure 2.3
[39].
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Figure 3.3. Cloudy, sunny, and rainy days in the Zile District

The cadastral borders of 48 sunflower parcels, which are considered the study
area, between Fatih and Kursunlu villages, on the Google Earth image (blue

polygons) are shown in Figure 2.4.
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Figure 3.4. Google Earth view of 48 parcels of the sunflower field
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3.2 Phenological Stages of the Sunflower Plant

Sunflower, which has a wide cultivation area and production in the world, is also
used as an important raw material in the oil industry, cosmetics, and chemical
industries. It is a nutritious animal feed due to its high content of protein,
carbohydrates, fat, and phosphorus [40]. In 2021, 49.27 million tons of sunflower
was produced. And most of it was used for oil production [41]. The sunflower plant
Is an annual and summer plant. It is grown in temperate climatic regions where the
average temperature in July does not fall below 18-19 °C. It is a relatively drought-
resistant plant due to its strong and deep root system. Sunflower does not like very
humid areas, in case of high relative humidity, it is affected by the negative effects
of diseases that cause rot [42]. Sunflowers can adapt to different soil types. For
example, it can grow in sandy or clay soils. Deep, and rich in organic matter,
alluvial soils are very suitable for sunflower cultivation, but it is difficult to grow in
soils with high salinity. For the germination of sunflowers, the minimum soil
temperature should be 8-10 °C. Sunflower is resistant to cold, but it is highly

affected by frost which occurs when the temperature drops below -4 °C [43].

The appearance of the sunflower plant at each stage is shown in Figure 3.5.

Figure 3.5. The view of the sunflower plant at each stage [6].

The stages shown in Figure 3.5 were evaluated in the code scale of Biologische

Bundesanstalt, Bundessortenamt and CHemical industry(BBCH). The BBCH code
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is classified under 8 main headings. These are the stages of soil preparation-
planting, leaf development, root elongation, flower tray formation, flowering, fruit
ripening, ripening, and harvesting, respectively [44]. The planting of the sunflower
plant is usually done in early April-mid-May. Early sowing significantly increases
yield. Harvest operations are applied at the end of August and the beginning of
September. Approximately four months later from the planting process, the
sunflower plant begins to be harvested [6]. Yield information for each parcel is

given in the appendices.

3.3 Optical Remote Sensing Data

In the study, 23 level-2A optical images of Sentinel-2 satellites from 2018 were
used. The selected display dates cover the leaf development stage of the
sunflower plant through to the harvest stage. Selected optical image dates are

shown in Table 3.1.

Tablo 3.1: Available optical image dates

Satellite name Image Date Satellite Name Image Date
Sentinel-2A 26 April 2018 Sentinel-2B 13 June 2018
Sentinel-2A 29 April 2018 Sentinel-2B 30 June 2018
Sentinel-2B 4 May 2018 Sentinel-2A 8 July 2018
Sentinel-2B 14 May 2018 Sentinel-2B 10 July 2018
Sentinel-2B 16 May 2018 Sentinel-2A 18 July 2018
Sentinel-2B 24 May 2018 Sentinel-2A 25 July 2018
Sentinel-2A 26 May 2018 Sentinel-2A 14 August 2018
Sentinel-2B 3 June 2018 Sentinel-2A 17 August 2018
Sentinel-2A 5 June 2018 Sentinel-2A 24 August 2018
Sentinel-2A 8 June 2018 Sentinel-2A 27 August 2018
Sentinel-2B 10 June 2018 Sentinel-2B 1 September 2018
Sentinel-2A 13September 2018
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The Sentinel-2 satellite is a Multi-Spectral image acquisition satellite used to
provide optical images supported by European Space Agency (ESA). Multi-
spectral images obtained by satellite sensors can display visible and infrared
wavelengths separately. The satellite has 13 spectral bands which have various
spatial resolutions [45]. Each image representing a wavelength range is called a
band. Sentinel-2 is frequently preferred in monitoring applications because of its
high imaging frequency, spatial resolution options, and coverage area [13]. As the
spatial resolution increases, it becomes easier to detect the reflection values of
objects. The distinguishability of objects from each other is increased, therefore,
interpretation becomes easier. The size of the objects affects the reflection values
of the pixels that make up the image [46]. The reflection properties of objects
participate in the reflection value of pixels and these values are used in determining

the phenological stage of the plant and in yield estimation studies.

In this study, Sentinel-2A and Sentinel-2B satellites that started their operations in
2015 and 2017, respectively were used together. These missions are placed in the
same orbit at 180 degrees from each other. This ensures that a 10-day return visit
cycle is completed in 5 days [47]. The band characteristics of both satellites are

shown in Table 3.2.

Table 3.2: Spectral properties of Sentinel-2A/B satellites.

SENTINEL-2
Sentinel-2A Sentinel-2B

Band Resolution | Wavelength | Band Resolution | Wavelength | Band
Name (m) (nm) Width m) (nm) Width
(nm) (nm)

1 60 442.7 27 60 442.2 45

2 10 496.6 o8 10 492.1 o8

3 10 560.0 45 10 559 46

4 10 664.5 38 10 665 39

5 20 703.9 19 20 703.8 20

6 20 740.2 18 20 739.1 18
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7 20 782.5 28 20 779.7 28

8 10 835.1 145 10 833 133
8a 20 864.8 33 20 864 32

9 60 945.1 26 60 943.2 27
10 60 1373.5 75 60 1376.9 76
11 20 1613.7 143 20 1610.4 141
12 20 2202.4 242 20 2185.7 238

Sentinel-2 satellites provide images at different levels. Level-1C has Top-Of-
Atmosphere reflectance. The pre-processing steps should be applied to images at
the level of Level-1C and the image should be improved [48]. Therefore, Level-2A
data with Bottom-Of-Atmosphere reflectance have been also distributed. In this
study, Level-2A level images were used and no additional pre-processing steps

were applied.

In this study, four different indices were used. The indices and bands used are

shown in Table 3.3.

Table 3.3: Indices and Equations

Index Name Equations Reference
NDVI (B8-B4)/(B8+B4) Rouse et al. 1973
NDVIR1 (B8-B5)/(B8+B5) Gitelson et al. 1994
OSAVI (B8-B4)/(B8+B4+0.16) | Rondeaux et al. 1996
IRECI (B7-B4)/(B5/B6) Rondeaux et al. 2013

Vegetation indices are used to increase the distinguishability of land cover in
agricultural applications. They are frequently used because high accuracy results
are obtained in yield estimation studies and other agricultural applications [29, 35].
With the increase in spectral resolution of optical sensors, new indices have started

to be produced by proportioning the bands to each other and they have been tried

16



according to the purpose of the study. Among these indices, OSAVI and IRECI
indices are some of these indices. While the IRECI index highlights the amount of
chlorophyll, the OSAVI index is more prominent in grain yield estimation studies
[11].

3.4 SAR Remote Sensing Data

The backscatter value is measured to distinguish objects from each other. Low
backscatter on a surface or object causes a low pixel value to result in a dark near-
black color, while high backscatter results in a high pixel value, causing the pixel
color to appear close to white [49]. The amount of backscatter is a variable that
can change. This change also depends on some parameters. These are radar
system parameters (frequency, polarization, incidence angle of reflected signals)
and target system parameters (surface roughness ratio, geometric shape,

moisture).

3.4.1 Frequency

Frequency is used to understand the depth to go under the surface of an object
and to measure the surface roughness in absolute (relative) terms [50]. The
wavelengths used in microwave active systems alter according to the response of
the targets in the specified ranges. The X band between the 2.4 cm and 3.75 cm
wavelength range is backscattered from the surface of the targets and is mostly
used for military purposes. The C band, with wavelengths between 3.75 and 7.5
cm, has the ability to reach the near-surface areas of the objects. The L band
wavelength with a range from 15 to 30 cm is especially suitable for the ground
under the vegetation, etc. accessing such objects [51]. In this study, Sentinel-1 C
band (A = 5.5 cm, 5.404 GHZ) images were used.

3.4.2 Polarization

The electromagnetic wave's polarization shows which way the electric field vector
is moving. Polarizations can be horizontal (H), vertical (V), or both horizontal and
vertical. The polarization combinations are VV, VH, HH, and HV. The first letter in
the notations indicates the polarization of the transmitted radiation and the second

letter indicates the polarization of the received radiation.

3.4.3. The Angle Of Incidence Of Reflected Signals
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The angle of incidence