BILIM-TEKNOLOJI-YENILIK
EKOSISTEMI DERGISI

JOURNAL OF SCIENCE-TECHNOLOGY-INNOVATION ECOSYSTEM

E-ISSN : 2757-6140 Cilt | Volume: 6 Sayi | Issue: 1 Yil | Year: 2025




JOURNAL OF SCIENCE-TECHNOLOGY-INNOVATION ECOSYSTEM
BILIM-TEKNOLOJI-YENILIK EKOSISTEMI DERGISI

JSTIE 2025, 6(1)

Bilim-Teknoloji-Yenilik Ekosistemi Dergisi (BITYED) yilda ki kez (Haziran ve Aralik) yayinlanan
uluslararasi veri indeksleri tarafindan taranan hakemli bir dergidir. Gonderilen makaleler ilk olarak
editorler ve yazi kurulunca bilimsel anlatim ve yazim kurallar1 yoniinden incelenir. Daha sonra uygun
bulunan makaleler alaninda bilimsel ¢alismalar1 ile taninmig iKi ayr1 hakeme gonderilir. Hakemlerin
kararlar1 dogrultusunda makale yayimlanip yayimlanmaz karari alinir.

Bilim-Teknoloji-Yenilik Ekosistemi Dergisi’nde yaymlanan makalelerde fikirler yalnizca yazar(lar)ina
aittir. Dergi sahibini, yayinciy1 ve editorleri baglamaz. Bu sayida yer alan tiim ¢aligmalar bagvuru aninda
ve yayimn Oncesi olmak iizere iki kez iThenticate uygulamasi araciligiyla benzerlik taramasindan
gecirilmistir.

OPEN ACCESS

Journal of Science-Technology-Innovation Ecosystem (JSTIE) offers free, immediate, and unrestricted
access to peer reviewed research and scholarly work. Users are allowed to read, download, copy,
distributed, print, search, or link to the full texts of the articles, or use them for any other lawful purpose,
without asking prior permission from the publisher or the author.

Articles published in the Journal of Science-Technology-Innovation Ecosystem are Open-Access,
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.
All rights to articles published in this journal are reserved and archived by the Journal of Science-
Technology-Innovation Ecosystem, Canakkale Onsekiz Mart University-TURKIYE.

Bu dergide yer alan makaleler ‘Creative Commons Attribution (CC BY 4.0) Lisans1’ ile lisanslanmuistir.

Bilim-Teknoloji-Yenilik Ekosistemi Dergisi (BITYED)
Canakkale Onsekiz Mart Universitesi, Bilim ve Teknoloji Uygulama ve Arastirma Merkezi
(COBILTUM)
Terzioglu Kampiisii, 17100 — Canakkale —- TURKIYE
Telefon: +90 (286) 218 00 18 Dahili: 24006, Fax: +90(286) 218 19 48
Web: http://bityed.dergi.comu.edu.tr / E-mail: bityek@comu.edu.tr

ISSN: 2757-6140 (Online)


https://www.ithenticate.com/
https://www.openaccess.nl/en
https://creativecommons.org/licenses/by/4.0/ 

JOURNAL OF SCIENCE-TECHNOLOGY-INNOVATION ECOSYSTEM
BILIM-TEKNOLOJI-YENILIK EKOSISTEMI DERGISI

Volume 6 o Issue 1 ® Year 2025 / Cilt 6 @ Say1 1 e Y1l 2025

Sahibi / Owner

Prof. Dr. Ramazan Ciineyt ERENOGLU
Canakkale Onsekiz Mart Universitesi Rektorii

Bas Editor / Editor-in-Chief

Dog. Dr. Firat ALATURK
Bilim ve Teknoloji Uygulama ve Arastirma Merkezi

Editorler / Editors
Prof. Dr. Sermet KOYUNCU
Dog¢. Dr. Aygca AYDOGDU EMIR
Dog. Dr. Emre OZELKAN
Dr. Ogr. Uyesi Baboo ALI
Dr. Ogr. Uyesi Fatih SEZER
Dr. Ogr. Uyesi Savas GURDAL

Onursal Editor / Honorary Editor
Prof. Dr. Ahmet GOKKUS

Alan Editorleri / Associate Editors

Prof. Dr. Deniz Anil ODABASI
Prof. Dr. Derya SURGIT
Prof. Dr. Mehmet Segkin ADAY
Prof. Dr. Sibel MENTESE
Dog. Dr. Ali KARANFIL
Dog. Dr. Cemil TOLU
Doc. Dr. Melis INALPULAT
Dog. Dr. Muhittin KARAMAN
Dog. Dr. Sahin KOK
Dr. Ogr. Uyesi Abdul HADI
Dr. Ogr. Uyesi Emin YAKAR
Dr. Ogr. Uyesi Enis ARSLAN
Dr. Ogr. Uyesi Gizem AKSU
Dr. Ogr. Uyesi M. Burak BUYUKCAN
Dr. Ogr. Uyesi Mehmet Ali GUNDOGDU
Dr. Ogr. Uyesi Sefa AKSU
Dr. Duygu ALGAN
Dr. Ugur SARI



JSTIE 2025, 6(1)

Uluslararasi Editorler Kurulu / International Editorial Board

Prof. Dr. Cedomir RADOVIC - Institue for Animal Husbandry, Belgrade-Serbia

Prof. Dr. Daniele BRUNO - University of Insubria, Varese Italy

Prof. Dr. Marcela Andreata KOREN - Krizevci University of Applied Sciences, Croatia

Prof. Dr. Mariyana IVANOVA - University of Agribusiness and Rural Development, Bulgaria
Prof. Dr. Tatjana JELEN - Krizevci University of Applied Sciences, Croatia

Assoc. Prof. Dr. Aynur HASHIMOVA - Sumgait State University, Azerbaijan

Assoc. Prof. Dr. Haneef Ur REHMAN - University of Turbat (UoT) Kech Balochistan, Pakistan
Assist. Prof. Dr. Asmat ULLAH - Kasetsart University Bangkok, Thailand

Assist. Prof. Dr. Muhammad Sharif BUZDAR - Balochistan Agriculture College Quetta, Pakistan

Teknik Editorler / Technical Editors
Dog. Dr. Ali KARANFIL - Canakkale Onsekiz Mart Universitesi
Dr. Ogr. Uyesi Sefa AKSU - Canakkale Onsekiz Mart Universitesi

Dil Editorleri / Language Editors

Dr. Abdul HADI
Dr. Baboo ALI
Dr. Ugur SARI

Yazim Editorleri / Copy Editors

Dog. Dr. Sahin KOK - Canakkale Onsekiz Mart Universitesi
Dr. Ogr. Uyesi Mehmet Ali GUNDOGDU - Canakkale Onsekiz Mart Universitesi

Istatistik Editorleri / Statistical Editors )
Dr. Ogr. Uyesi Aykut OR - Canakkale Onsekiz Mart Universitesi
Dr. Ogr. Uyesi Zeynep GOKKUS - Kastamonu Universitesi

Mizanpaj Editorleri / Layout Editors

Dog. Dr. Melis INALPULAT - Canakkale Onsekiz Mart Universitesi

Ece COSKUN - Doktora Ogrencisi - Canakkale Onsekiz Mart Universitesi
Hakan NAR - Doktora Ogrencisi - Canakkale Onsekiz Mart Universitesi

Yaz lsleri / Secretariat
Dr. Ogr. Uyesi Baboo ALI
Zir. Yiik. Miih. Hatice Simay SARI



Bilim K

Prof. Dr

Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Dog. Dr.

JSTIE 2025, 6(1)

urulu / Scientific Board

. Ali KOC - Eskisehir Osmangazi Universitesi

Cem OZKAN - Ankara Universitesi

Dingay KOKSAL - Canakkale Onsekiz Mart Universitesi
Hiiseyin CAVUS - Canakkale Onsekiz Mart Universitesi

[Than CELIK - Samsun Universitesi

Iskender TIRYAKI - Canakkale Onsekiz Mart Universitesi
Kemal Melih TASKIN - Canakkale Onsekiz Mart Universitesi
M. Kerim GULLAP - Atatiirk Universitesi, Erzurum

Mustafa KIZILSIMSEK - Kahramanmaras Siit¢ii imam Universitesi
Mustafa TAN - Atatiirk Universitesi, Erzurum

Ramazan CAKMAKCI - Canakkale Onsekiz Mart Universitesi
Songiil CAKMAKCI - Atatiirk Universitesi, Erzurum

Tolga BEKLER - Canakkale Onsekiz Mart Universitesi

Alper SAGLIK - Canakkale Onsekiz Mart Universitesi

Dog. Dr. Erkan BIL - Canakkale Onsekiz Mart Universitesi

Dog. Dr
Dog. Dr
Dog. Dr
Dr. Ogr.
Dr. Ogr.

. Onder GURSOY - Sivas Cumhuriyet Universitesi

. Sercan KARAV - Canakkale Onsekiz Mart Universitesi

. Ugur SIMSEK - Igdir Universitesi
Uyesi Aliye Asli SONSUZ - istanbul Medipol Universitesi
Uyesi Hiilya HANOGLU ORAL - Mus Alparslan Universitesi



JSTIE 2025, 6(1)

The Journal of Science-Technology-Innovation Ecosystem is indexed by the following data indices.
Bilim-Teknoloji-Yenilik Ekosistemi Dergisi asagidaki veri indeksleri tarafindan taranmaktadir.

Academic
Resource
Index
ResearchBib

UNIVER

Eurasian
E S I Scientific SITEITS
Journal TBI|-|BEL|EOK
www.ESJIndex.org mdex

GENT
ZEITSCHRIETEN '!AT
/ DATENBANK ==

l’j\ WorldCat A

~

" A

EurO INDEX @iﬁﬁPEﬁHFIl‘.L.‘E

E il

{) IPIndexing

Indexing Portal



https://ezb.uni-regensburg.de/ezeit/detail.phtml?bibid=AAAAA&colors=7&lang=en&jour_id=513835
https://journalseeker.researchbib.com/view/issn/2757-6140
https://esjindex.org/search.php?id=7147
https://lib.ugent.be/en/catalog/ejn01:5490000000155939?i=0&q=Bilim-Teknoloji-Yenilik+Ekosistemi+Dergisi
https://zdb-katalog.de/title.xhtml?idn=1328665267&view=full&direct=true
https://search.worldcat.org/title/1417779039?oclcNum=1417779039
https://cosmosimpactfactor.com/page/journals_details/9082.html
https://europub.co.uk/journals/journal-of-science-technology-innovation-ecosystem-J-31134
https://journals.indexcopernicus.com/search/details?id=67893
https://iijif.com/journals-master/
http://gias.ge/Home/JournalListDetail/2803
https://ipindexing.com/journal-details/Journal-of-Science-Technology-Innovation-Ecosystem/2159
https://www.sindexs.org/JournalList.aspx?ID=9235

JSTIE 2025, 6(1)

Certificates of Indexing / Indeks Sertifikalari

Indexing Portal

( [PIndexing

CERTIFICATE FOR INDEXING (IPI Value2023)
This Certificate is Awarded to

Journal of Science-Technology-Innovation Ecosystem

E-ISSN: 2757-6140

Evaluation of the above journal for the year 2023
has been accepted and indexed in IP Indexing.

IPI Value of the above journal for the year 2023

2024-07-01 2025-06-30
Date of Issue Validity Date

IPI Value is valid for one year from the issuance of Certificate.

e

N

Evaluation Head

www.ipindexing.com

Certificate of Indexing

This is fo certify that
SCI Journal of Science-Technology-Innovation Ecosystem
ISSN: 2757-6140

is being indexed by Journament

Indexing stared on: April 15, 2024 Journament
Certificate issued on: December 17, 2024

Verffication link: https:fjournament comfjournal/32508




J. Sci. Tech. Innov. Ecosyst. - Bil. Tek. Yen. Ekosist. Derg.

iz m
ASEKIZ Mag,
o Gy,

Journal of Science-Technology-Innovation Ecosystem

(Bilim-Teknoloji-Yenilik Ekosistemi Dergisi)

JSTIE: MID1722025

2025, 6(1): 17-28 e-ISSN: 2757-6140

Wheat and Barley Cultivated Area Determination Using NDVI Threshold

Values and Google Earth Engine

Neslisah Civelek** @, Melis Inalpulat?*® , Levent Gen¢>* >

!Canakkale Onsekiz Mart University, School of Graduate Studies, Dept. of Geographical Information Technologies, Canakkale, Tiirkiye
2Canakkale Onsekiz Mart University, Faculty of Agriculture, Department of Agriculture Structures and Irrigation, Canakkale, Tiirkiye
3Canakkale Onsekiz Mart University, Faculty of Architecture and Design, Dept. of Urban and Regional Planning, Canakkale, Tiirkiye

4Canakkale Onsekiz Mart University, Computer-Agriculture-Environment-Planning (ComAgEnPlan) Study Group, Canakkale, Tiirkiye

Article History
Received: 14/02/2025
Accepted: 10/04/2025
Published: 12/04/2025

Research Article

Abstract: This study aims to determine the optimal imaging time for detecting wheat and barley (W-B)
cultivated areas using Sentinel-2 images and NDVI-based threshold values (December 2018-June 2019) via
Google Earth Engine (GEE). The study was conducted in Mahmudiye village, situated to Canakkale province,
Tiirkiye. Randomly selected parcels (RSP) were determined through ground surveys were used to obtain
monthly minimum and maximum NDVI thresholds (NDV Iminand NDVImax). Monthly NDVI threshold-based
W-B maps were produced. In addition to the month-based maps, the areas that meet all the threshold conditions
for all months at once were also mapped. The predicted and actual inventory of W-B areas were compared for
identification of the most appropriate imaging time within the growing season. Findings have shown that using
the image acquired in April gave the most satisfactory W-B area prediction with an overestimation of only 53
pixels. Use of NDVImin and NDV Imax thresholds for prediction of W-B cultivated areas and yield predictions
considering imageries acquired in April strongly suggested for more precise estimations under similar climate
conditions, whereby the method provides more time and labor-effective investigations in comparison with
land use land cover classification methods.

Keywords: GEE, imaging time, NDVI threshold values, Sentinel-2, Wheat-Barley

NDVI Esik Degerleri ve Google Eart Engine Kullanilarak Bugday ve Arpa Yetistirilen Alanlarin
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Belirlenmesi

Oz: Bu ¢aligma, Sentinel-2 uydu goriintiileri ve NDVI tabanl esik degerler kullanilarak (Aralik 2018-Haziran
2019) bugday ve arpa (B-A) ekim alanlarinin tespiti i¢in en uygun goriintiileme zamanini belirlemeyi
amaglamaktadir. Caligma, Tirkiye’nin Canakkale iline bagli Mahmudiye kdyiinde gergeklestirilmistir.
Rastgele segilen parseller (RSP), arazi ¢aligmalar ile belirlenmis ve aylik en diisiik ve en yiiksek NDVI esik
degerleri (NDVlen disik V& NDVI en yiiksek) elde edilmistir. Bu esik degerler kullanilarak her ay i¢in B-A alani
tahmin haritalar1 tretilmistir. Ayrica, tiim aylara ait esik kosullarii ayni anda saglayan alanlar da
haritalandirilmistir. Tahmin edilen ve ger¢cek B-A alan envanter degerleri karsilagtirilarak yetistirme sezonu
icinde en uygun goriintiileme zamani belirlenmistir. Bulgular, Nisan ayinda elde edilen goriintiiniin
kullaniminin, sadece 53 piksel fazla tahmin ile en tatmin edici B-A alani tahminini verdigini gdstermistir.
Benzer iklim kosullar1 altinda, arazi kullanim ve arazi ortiisti siniflama metotlarina gére daha zaman- ve emek
efektif incelemeler saglayan NDVlen disik V€ NDVI en yiiksek esikleri metodu géz 6niine alinarak B-A yetistirilen
alan ve verim tahminlemelerinde, daha hassas tahmin eldesi ig¢in Nisan ayinda alinan goriintiilerin kullanimi
Onerilmektedir.

Anahtar Kelimeler: Bugday-Arpa, GEE, goérintiileme zamani, NDVI esik deger, Sentinel-2
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Introduction

Agricultural activities play a key role in Tiirkiye’s socio-economic status since the suitability of climate,
soil and topographic conditions enable the growth of various agricultural products. ldentifying cultivation areas
for specific products is important for future planning and management strategies, such as crop rotation decisions,
yield and production estimates. There is a great variety of products, whereas wheat and barley (W-B) production
constitute a considerable part of the cultivation areas. According to Turkish Statistical Institute (TSI) data, the
total agricultural areas cover approximately 240 million hectares, whereby 42.37% of the areas consisted of W-B
cultivated areas (TSI, 2023). On the other hand, Food and Agriculture Organization (FAO) reported that national
and global events together with the impacts of changing climate, led to a reduction in W-B production in Turkey
in 2022 and 2023, as well as in many other countries (FAO, 2024). However, W-B products still known to have
a key role in nutrition; thus, production and demands should be well-evaluated to ensure balance. Hence,
identification of production areas and spatio-temporal changes presents a priority for forecasting yield (Campos
etal., 2019; Ayub et al., 2022), import and export amounts in specified regions (Balambar et al., 2021).

Remote sensing imageries with different spatial, spectral and temporal resolutions have long been used for
identification of W-B production areas (Gumma et al., 2022). The use of different techniques, algorithms, and
indices are well documented in the literature (Meraj et al., 2022; Wang et al., 2022). Recent improvements in
cloud-based applications for image processing, namely Google Earth Engine (GEE) have accelerated the number
of studies due to the advantages of time-effective processing and reduced requirements of data storage (Tian et
al., 2019; Cheng et al., 2022). Plant indices are important parameters in crop monitoring and agricultural practices
(Qiao et al., 2024). Moreover, among the various indices for investigating specific characteristics of plants,
Normalized Difference Vegetation Index (NDVI) is known to be one of the most widely used vegetation indices
(Rouse et al., 1973). The sensitivity of shortwave and near-infrared bands for identification of vegetation has
yielded successful results for determining wheat yield over large areas (Wu et al., 2020; Zhang et al., 2023). Qi et
al. (2022) achieved a high accuracy (92%) in classification model for detecting wheat areas in the Shandong
region of China. Shin et al. (2022) developed crop (W-B) classification models based on Sentinel-2 data in the
southern part of the Republic of Korea using Deep Neural Networks (DNN), Machine Learning (ML) regression
approaches, and five different indices, including the NDVI index, and achieved an accuracy of 89% for barley,
and 45% for wheat. However, more time- and labour-effective methods are required since the classification
procedures are laborious and time consuming. A simple and easy-to-understand model using minimum and
maximum NDVI threshold (NDVImin and NDV Imax) values were used in different studies. For instance, Toscano
et al. (2019) and Bouras et al. (2023) used NDVI values collected from reference parcels considering W-B
phenological stages in the southern region of South Korea to identify the optimum time for W-B monitoring and
yield estimation.

This study aims to determine the appropriate image timing for identifying W-B cultivation areas based on
NDVlmin and NDVImax threshold values collected from randomly selected parcels (RSP), which were sampled
during ground surveys, using GEE. The study was conducted within the boundaries of Mahmudiye village,
Canakkale province, Tiirkiye. Data were collected using Sentinel-2 images from the RSP. The NDVI maps for
each month were produced, monthly NDV I i and NDV Imax threshold-based W-B prediction maps were obtained,
and consistency between actual and predicted values were evaluated to highlight the optimum imaging time for
W-B prediction under similar conditions.

Materials and Methods

Materials

Study Area

The study was conducted in Mahmudiye village, located in Ezine District of Canakkale province (39° 51’
52.92" N - 26° 14' 39.66" E) (Figure 1). The survey area covers approximately 3200 hectares. The study area is
under the impact of typical Mediterranean climate whereby the average temperature and precipitation range
between 15-16°C and 500-700 mm, respectively, enabling the growth of several agricultural products. A major
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part of the study area is covered by agricultural lands, whereby the most widely cultivated agricultural products

are wheat, barley, tomatoes, and paddy rice.
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Figure 1. Location of the study area.

Data Processing

Sentinel-2 satellite collect data with an optical sensor via 13 spectral bands, with spatial resolution ranging
between 10 and 60 m (Zhang et al., 2023). In present study, red (band 4) and near-infrared (band 8) bands with
10 m spatial resolution were used for NDVI calculation. The acquisition dates of imageries were selected
depending on cloud cover threshold (under 10%) and growth stages of the W-B. Depending on the criteria, the
images of December 17, 2018; January 06, 2019; February 05, 2019; March 17, 2019; April 26, 2019, May 28,
2019, 2019, and June 07, 2019 were used to achieve the aims.

The Sentinel-2 data were processed using the GEE open-source cloud-based platform, which provides
computation and analyzing geospatial data easily, without requiring user preprocessing (Aghlmand et al., 2021).
The GEE platform enables rapid computation of various processes, thus, commonly preferred to be used for
environmental monitoring and modelling through remote sensing data.

Methods

The study was completed in three stages (Figure 2), and the methods are detailed below. In the first stage,
NDVI of each pixel were calculated, and the NDVI maps were generated. The second stage involved the
determination of monthly NDVI maximum and minimum thresholds, and the creation of monthly W-B maps
depending on determined NDVI thresholds. Finally, the third stage included validation and the identification of
the best image timing.
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Figure 2. Flow chart of the study.

Generation of NDVI Maps

The NDVI maps of the study area were composed using red and near-infrared bands of each date through
the following equation (Eg. 1). The NDVI values range between -1 and 1 whereby higher values represent dense
vegetative cover.

NDVI = NIR—-RED (1)

NIR+RED

Producing NDVI Threshold-Based W-B Prediction Maps

Among the cultivated parcels, 20 parcels were randomly selected and digitized into a vector layer using
ArcGIS (10.7). After the digitizing process, the vector layer overlapped with NDVI maps and randomized training
polygons, which consisted of at least 9 pixels, were collected from each parcel vector. The average NDVI values
of training polygons were calculated to ensure capture of the variability. Finally, the maximum and minimum
thresholds from NDVI values of training polygons were identified (NDVIminand NDVIma) for each month. The
threshold values of NDVIninand NDV Imax Were used to obtain prediction maps for W-B cultivated areas for each
month depending on the formula. Accordingly, if a pixel (p) has a value ranging between NDV Imin and NDV I nax,
the pixel (p) acknowledged as W-B, otherwise, other land use or land cover type (O). In addition to monthly maps,
pixels that meet the threshold requirements in all months were presented within an individual map (Eq. 2).

W, NDVI o =p = NDVI,in
0, otherwise

f(NDVI) = { (2)

Reliability of Prediction Maps

The reliability of threshold-based prediction maps was assessed depending on the coherencies between
actual inventory records of 2019 and predicted W-B areas. Village-level inventories were obtained from the
Canakkale Provincial Directorate of Tiirkiye Ministry of Agriculture and Forestry (CPDAF, 2019).

Results and Discussion
The NDVI maps of each month are given below, whereby black squares represent RSP depending on
ground surveys for collecting NDVI threshold values (Figure 3 a-g). As it can be seen, NDVImin and NDV Imax
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values in the study area range between 0.12 and 0.36 in December (2018), 0.15 and 0.39 in January (2019), 0.20
and 0.74 in February (2019), 0.52 and 0.85 in March (2019), 0.52 and 0.85 in April (2019), 0.16 and 0.77 in May
(2019), and 0.20 and 0.59 in June (2019), respectively. Previous studies have shown that, phenological stages of
W-B can be determined using NDVI with higher accuracy in comparison with other vegetation indices (Yang et
al., 2019). Therefore, monthly monitoring of NDV1 values provides valuable information on the maturity level of
plants and became an important indicator.
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Figure 3. Randomly Selected Parcel (RSP), Normalized Difference Vegetation Index (NDVI), (@) NDVImin and NDVImax values in
December, (b) NDVImin and NDVImax January, (¢) NDVImin and NDV Imax February, (d) NDVImin and NDVImax March, () NDVImin and
NDV Imax April, (f) NDVIminand NDVImax May and (g) NDV Imin and NDV Imax June.

Threshold methods are commonly used for determination of specific crops in many areas of the world, and
the main issue is known to be the determination of the accurate thresholds. The parameters are usually manually
prepared depending on the phenological stages of the considered plant (Wang et al., 2015; Wang et al., 2019; Li
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et al., 2021). There are different methods for identifying the more appropriate threshold values. In the present
study, NDV Inminand NDV Imax reference threshold values were collected from overlay analysis using NDVI maps
and RSPs that were defined during ground surveys (Table 1). Accordingly, NDVImin values ranged between 0.12
(December 2018) and 0.73 (May 2019), while NDV Imax Values seemed to change from 0.36 (December 2018) to
0.88 (May). Similar results were found for winter wheat in the Thessaly plain, central Greece, between 2018 and
2019 growing season, whereas the highest NDVI values were obtained from the image acquired in April
(Cavalaris et al., 2021). Moreover, the findings of the study were also coherent with the NDVI values mentioned
by Yang et al. (2019); the minimum and maximum NDVI values of different months were ranged between
approximately 0.18 and 0.80, respectively.

Table 1. Monthly NDVIminand NDVImax threshold values.

Years Months NDV Imin Threshold Value NDVImax Threshold Value
2018 December 0.12 0.36
January 0.15 0.39
February 0.20 0.74
March 0.52 0.85
2019
April 0.73 0.88
May 0.16 0.77
June 0.20 0.59

Considering these predetermined thresholds from the individual images, W-B and barley parcels were
prediCted and mapp6d, nam6|y NDVlthreshoId—December (Figure 4 a), NDVlthreshoId—January (Figure 4 b), NDVlthreshoId—February
(Figure 4 c), NDVlreshold-march (Figure 4 d), NDV linreshotd-aprit (Figure 4 €), NDV lireshoid-may (Figure 4 f) and
NDV lnreshold-aune, (Figure 4 g). Furthermore, a single map has been created that separately satisfies the NDV I min
and NDV Imax threshold conditions for each month at once (NDV linreshold-combined) (Figure 4 h).
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Figure 4. W-B areas determined according to NDV Imin and NDV Imax threshold values. (a) NDV lthreshold-December, (D) NDV lthreshold-sanuary (D),
(c) NDV lthreshold-February, (d) NDV lttreshold-March, (€) NDV lthreshold, (f) NDV lthreshold-may and (g) NDV ltnreshold-sune, () NDV lthreshold-Combined.

Depending on the monthly and combined prediction maps, W-B cultivated areas were calculated (da), and
compared with actual inventory data of CPDAF to evaluate coherency between actual and predicted values (Tablo
2). Inventory data has shown that W-B cultivated parcels cover 5510 da area. Examination of NDVI threshold-
based maps has shown that W-B cultivation areas were predicted as 21964 da depending on the December (2018)
image, 18350 da depending on the January (2019) image, 22749 da depending on the February (2019) image,
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11668 da depending on the March (2019) image, 6041 da depending on the April (2019) image, 25328 da
depending on the May (2019) image, and 21593 da depending on the June (2019) image. Briefly, use of month-
based NDVI thresholds lead mostly to exceed overestimation of W-B areas, except NDV lireshoia-aprit. MoOreover,
use of NDV linreshold-combined Values resulted in underestimation of W-B areas (2363 da).

Table 2. NDVIminand NDVImax based W-B areas (da).

NDVI Threshold

W-B December = January = February March April May June Combined
Area
(da) 21.964 18.350 22.749 11.668 6.041 25.328 21.593 2.363

The cultivation area of a specific product that is calculated through remotely sensed data usually differs
from official inventories at national- or regional-level (Li et al., 2021), due to cumulative effects of spatial
resolution-related issues. Therefore, the study focused on a small-scale evaluation of the method. The method
provided reliable results at village-level coherency between Sentinel-2 derived NDVI threshold-based cultivated
area and the local inventory records in April, answering the research question on selection of the optimum imaging
time for W-B area determination within a growing season.

Conclusion

The optimal imaging time for identifying W-B areas in a growing season was investigated through NDV I min
and NDVImax threshold values. For this purpose, monthly NDVI thresholds were obtained from selected W-B
parcels identified during ground surveys in 2019. NDVI threshold-based monthly prediction maps, as well as the
combined NDVI thresholds map that meets all months NDV1 threshold requirements at one query, were generated
in GEE. The predictions for W-B cultivated areas were compared to actual W-B cultivation areas using inventory
records to identify more appropriate acquisition time for Sentinel-2 images to perform more realistic W-B
predictions. Findings of the study revealed that the use of NDVI thresholds mostly resulted in extremely
overestimated W-B areas. Depending on these findings, it can be clearly seen that the image acquired in April
gave the most coherent value with actual W-B cultivation areas with a difference of approximately 53 pixels.
Moreover, the study provided a simpler identification of W-B areas in comparison with land use land cover
classification, which is a more time consuming and laborious method. Therefore, the study is believed to serve as
a baseline for future research, which may be conducted under similar climate conditions and growth periods.
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