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Tarimda Sulama Goletlerinin iklim Uzerine Etkilerinin

Uydu Goriintileri ve

Meteorolojik Verilerle Karsilastirmal Olarak incelenmesi

Abdurahman Yasin Yigit*1”, Oguz Simsek2”, Halil ibrahim Senol3

1Mersin Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Béliimt, Mersin, Tiirkiye
2Harran Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Béliimii, Sanlurfa, Tiirkiye
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Anahtar Kelimeler:
Kuraklik
Kuraklik Analizi

Tarimsal Sulama Goletleri

Arazi Simiflandirmasi

Mikro Iklim Diizenlemesi

0z

Bu ¢alisma, Tiirkiye'nin Akdeniz Boélgesi'nde yer alan Mersin ili 6rneginde, tarimsal sulama
goletlerinin bolgesel iklim, bitki ortiisii ve su kaynaklari tizerindeki uzun vadeli etkilerini uydu
goriintiileri ve meteorolojik verilerle incelemektedir. Calismanin metodolojisi, 1985-2023
yllar1 arasindaki Landsat uydu verileri ile meteorolojik veri setlerinin entegrasyonuna
dayanmaktadir. Arazi siniflandirmasi i¢cin nesne tabanl goriintii isleme teknikleri kullanilarak
bitki oOrtiisiiniin ve su kiitlelerinin degisimleri haritalanmis, siniflandirma dogrulugu hata
matrisi ve farkll dogruluk metrikleriyle degerlendirilmistir. Ayrica, kuraklik analizinde
Standartlastirilmis Yagis indeksi kullanilarak Mann-Kendall, Spearman Rho ve Sen Slope gibi
trend analiz yontemleriyle kuraklik egilimleri incelenmistir. Sonuglar, 1985 yilinda 51 olan
sulama goleti sayisinin 2023'te 1935’e ¢iktigini ve bu artisin NDVI degerlerindeki ylikselisle
birlikte bitki ortiisiiniin korunmasina katki sagladigini ortaya koymaktadir. Kuraklik
analizleri, calisma bolgesinde kurak doénemlerin bitki ortiisiine olan olumsuz etkilerinin
sulama goletleri sayesinde azaldigini gdstermektedir. Ozellikle mikro iklim iizerinde
diizenleyici bir etkisi olan bu géletler, yar1 kurak bolgelerde tarimsal liretim stirdiiriilebilirligi
icin stratejik bir su yonetimi araci olarak degerlendirilmektedir. Bu bulgular, tarimsal sulama
goletlerinin su kaynaklarinin siirdirilebilir yonetimi, iklim degisikligi ile miicadele ve
cevresel direnci artirma gibi konularda 6nemli bir potansiyele sahip oldugunu géstermektedir.
Bu kapsamda, yar1 kurak ve kurak boélgelerde sulama goletlerinin sayisinin artirilmasi ve bu
yapilarin planlamasinda iklim dostu yaklasimlar benimsenmesi 6nerilmektedir.

Comparative Investigation of the Effects of Irrigation Ponds on Climate in Agriculture
Using Satellite Imagery and Meteorological Data

Keywords:

Drought

Drought analysis
Agricultural irrigation
ponds

Land classification
Microclimate regulation

ABSTRACT

This study examines the long-term effects of agricultural irrigation ponds on regional climate,
vegetation cover, and water resources in the Mersin province, located in Turkey's
Mediterranean region, using satellite imagery and meteorological data. The methodology of
the study is based on the integration of Landsat satellite data and meteorological datasets from
1985 to 2023. Object-based image processing techniques were employed for land
classification to map changes in vegetation and water bodies, and classification accuracy was
evaluated using an error matrix and various accuracy metrics. Additionally, drought trends
were analyzed using the Standardized Precipitation Index and trend analysis methods such as
Mann-Kendall, Spearman Rho, and Sen's Slope. The results reveal that the number of irrigation
ponds increased from 51 in 1985 to 1,935 in 2023, contributing to the preservation of
vegetation cover as indicated by rising NDVI values. Drought analyses indicate that the adverse
effects of drought periods on vegetation cover have been mitigated by these irrigation ponds
in the study region. These ponds, with their regulatory effect on the microclimate, are
considered a strategic water management tool for the sustainability of agricultural production
in semi-arid regions. The findings demonstrate the significant potential of agricultural
irrigation ponds for sustainable water resource management, climate change mitigation, and
environmental resilience. In this context, it is recommended to increase the number of
irrigation ponds in semi-arid and arid regions and adopt climate-friendly approaches in the
planning of these structures.
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1. GIRIS

Su, yeryluziindeki en o6nemli yasam
kaynaklardan biridir. Yenilenebilir bir kaynak olsa
da siirli olmasi ve artan su ihtiyaci, su kaynaklarinin

strdiiriilebilir yonetimini gliniimiiziin en acil
onceliklerinden biri haline getirmistir
(Koutsoyiannis, 2011). Bu baglamda, tarimsal

tiretimde verim ve kalitenin arttirilmasi i¢in hayati
onem tasiyan sulamada kullanilan suyun miktari,
zamani ve yontemi kadar kalitesi de biiyiik 6nem
tasimaktadir (Huang vd., 2024; Malakar vd., 2019;
Gurgili ve Ul, 2024)). Kurak ve yar1 kurak
iklimlerde, sulama suyu temininde siklikla distk
kaliteli su kaynaklarinin kullanimi yaygindir
(Kabaday1 ve Kaya, 2023). Tuzlu sular ve drenaj
sular1 gibi bu tiir su kaynaklar1 mahsul verimini
diisirmekte ve toprak ekosistemini olumsuz
etkilemektedir (Adanali, 2022; Atic1 vd., 2024). Bu
durum, gida giivenligi ve tarimsal stirdiirtlebilirlik
acisindan 6nemli bir tehdit olusturmaktadir.

Su mevcudiyeti acgisindan, Turkiye yillik
yaklasik 643 mm yagis almakta ve bu da yilda
ortalama 501 milyar m3 suya karsilik gelmektedir
(Aktas, 2014). Bu suyun 274 milyar m3'ii toprak ve
su ylizeyleri ile bitkilerden buharlasma yoluyla
atmosfere geri donmekte, 69 milyar m3'i yeralti
sularini beslemekte, 158 milyar m3 'l ise irili ufakli
akarsular vasitasiyla kapali havzalardaki deniz ve
gollere akmaktadir. Yeralti sularini besleyen 69
milyar m3 suyun 28 milyar m3 'i kaynaklar
vasitasiyla yiizey sularina tekrar katilmaktadir.
Ayrica, komsu iilkelerden yaklasik 7 milyar m3/yil su
gelmektedir. Su, yasamin saglikli bir sekilde
strdiiriilebilmesi i¢in insan hayatinda ¢ok 6nemli bir
gereksinimdir.

Tiirkiye'nin toplam su potansiyeli zaman i¢cinde
azalmaktadir (Merdan, 2024). Suyun genel kullanim
amaglar;; igme ve ginlik kullamim, hayvan su
ihtiyaci, tarimsal sulama, balik yetistiriciligi,
endiistriyel ihtiyaclar, rekreasyon, su tasimaciligi vb.
olarak siralanabilir. Bunlardan en 6nemlisi tarimsal
sulamadir. Sulama, tarimsal tiretimde verimi ve Uriin
kalitesini artirir. Tarimsal sulama goletlerinin
cevresel ve iklimsel etkileri {zerine yapilan
¢alismalar siirlh kalmakta ve ¢ogu arastirma
yalnizca sulama goletlerinin kisa vadeli tarimsal
verimlilik tizerindeki etkilerine odaklanmaktadir.
Ancak, bu goletlerin boélgesel iklim ve bitki ortiisii
tizerindeki uzun vadeli sonuglar1 yeterince
arastirllmamistir. Literatiirde, bu kapsamda uydu
goriintiileri ve meteorolojik verileri birlikte
kullanarak yapilan uzun dénemli analizlerin eksikligi
goze carpmaktadir. Bu c¢alisma, bu eksikligi
gidermeyi amaclayarak, sulama goletlerinin iklim ve
cevresel degiskenler fUzerindeki uzun vadeli
etkilerini ¢ok boyutlu olarak ortaya koymaktadir.

Yeterli ve kaliteli su bulunamadiginda,
sulamaya uygun olmayan tuzlu sular ve drenaj sulari
sulama i¢in kullanilmaktadir (Zaman vd. 2018).
Sulama suyunun dinamik kullanimi, bitkinin su

69

tiikketimine gore sulama yapilmasini
gerektirmektedir. Ayrica, suyun kit oldugu
bolgelerde su tasarrufu saglamak icin asir1 su ile bitki
ve toprak yapisina zarar vermemek icin bitkinin su
tiilketimi hesaplanmali, kontrollii ve diizenli bir
sekilde su verilmelidir. Su kaynaklarinin yonetimi ve
kullanim alanlarinin uygun sekilde belirlenmesi
giinimiizin en Onemli sorunlarindan biridir
(Andriushchenko vd., 2019). Ornegin Abera vd.
(2021), ¢alismalarinda, 1986-2016 yillar1 arasinda
Etiyopya'nin Tana Goli Havzasi'ndaki sulama
genislemesini ve su kaynaklarina olan etkilerini
incelemektedir. Landsat uydu goriintiileri ve tematik
haritalarla yapilan smniflandirma, sulanan tarim
arazilerinin %>55'ten %65'e yukseldigini
gostermektedir. Sulama suyu tiiketimi, biiyiik dl¢iide
artis gostererek 1986'da 0.380 km3'ten 2016'da
0.798 km?'e ulasmustir. Ancak mevcut su kaynaklari,
planlanan sulama genislemesini destekleyemez. Bu
nedenle, daha verimli sulama teknolojilerinin
uygulanmasi ve alternatif su kaynaklarinin
bulunmasi gerekli oldugu vurgulanmistir.

Ozellikle tarimsal sulama ve gida iiretim
faaliyetlerinin  yayginlastirilmas:  icin  ¢esitli
yontemler 6n plana ¢ikmaktadir. Ancak, kullanilan
yontemlerin bazi avantaj ve dezavantajlar1 oldugu
goriilmektedir. Tarimsal sulama icgin yeralti suyu
kaynakli kuyular kullanilsa da yeralti suyunun
yetersiz  oldugu yerlerde farkli yontemler
gelistirilmistir. Tarimsal sulama amaciyla cesitli
fiziksel su toplama alanlar1 olusturulmaktadir
(Angelakis vd., 2020). Bunlardan en Onemlisi,
tarimsal sulama disindaki faaliyetlerde de
avantajlara sahip olan barajlardir. Barajlar tarimsal
sulama, kentsel temiz su temini, enerji tiretimi gibi
cesitli alanlarda kullanilabilmektedir.

Bir diger kullanim alani ise sulama kanallaridir.
Bu kanallar da tarimsal sulama ve kentsel temiz su
temini icin kullanilmakla birlikte kanal tiplerine gore
dezavantajlari olabilen bir su depolama ve aktarma
yontemidir. Bir diger tarimsal su depolama yontemi
olan goéletler, arazi egimlerinden ve su toplama
cizgilerinden yararlanarak arazinin sekli nedeniyle
toplanan  suyun tarimsal sulama  amach
kullanilmasini1 saglar. Faydali bir yontem olarak
goriilse de arazinin dogal egiminde suyun hareketini
engelledigi i¢in nehirlerin beslenmesinde sorunlara
yol agabilmekte ve bunun sonucunda bazi goller
kuruyabilmektedir.

Bu c¢alismada incelenecek olan yagmur
suyundan su depolayan tarimsal sulama goletleri,
tamamen bolgesel olarak tarimsal sulamaya katki
saglamak amaciyla ciftgiler tarafindan olusturulan
goletlerdir. Glinlimiizde iklimsel nedenlerden dolay:
su kaynaklarinin etkilenmesi nedeniyle bu géletlerin
kullanimi artmistir. Goletler, 6zellikle tarimsal
sulama saglamasi ve cevresel etkileri nedeniyle
o6nemli bir arastirma konusudur. Ayrica, iklime bagh
parametreler ve uzaktan algillamaya dayali bitki
deseni olusumlari incelenerek bu goletlerin faydalari
arastirilabilir.

Turkish Journal of Remote Sensing
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Kaur vd. (2024), Hindistan'in Mahatma Gandhi
National Rural Employment Guarantee Act programi
kapsaminda insa edilen tarla havuzlarinin tarimsal
verimlilik lizerindeki etkisini incelemektedir.
Sonuglar, tarla havuzlarinin 6zellikle muson
mevsiminde ve kurak yillarda tarimsal iiretimi
artirdigin1 ve kurakliga karsi duyarliligl azalttigini
gostermektedir. Muson sonrasi ve yaz tarim
sezonlarindaki etkiler daha disiik seviyede
bulunmustur. Arastirma, tarla havuzlarina sahip ve
sahip olmayan alanlarn karsilastirmak icin uzaktan
algilama verilerini kullanarak, bu yapilarin tarimsal
verimlilikteki roliinii ortaya koymaktadir (Kaur vd.,
2024).

Staccione vd. (2021), calismalarinda Lamone
Nehri havzasindaki dogal su tutma goletlerinin
tarimsal su yonetimi iizerindeki etkilerini analiz
etmektedir. Goletlerin su dengesine katki saglarken

ekosistemi nasil iyilestirdigini, sulama i¢in su
teminini artirarak tarimsal iretime katkida
bulundugunu incelemislerdir.  Ayrica, iklim

degisikligi senaryolar1 altinda goéletlerin hidrolojik
etkileri degerlendirilmektedir. Yatirim
maliyetlerinin ekonomik faydalarla nasil
dengelendigi ve yenilik¢i tesvik modelleriyle bu tiir
doga temelli ¢coziimlerin uygulanmasinin
desteklenebilecegi tartisilmaktadir. Sonu¢ olarak
sulama icin daha fazla su, ek tarimsal iiretimi
destekleyebilirken, goletlerin daha ekolojik odakl

tasarimi, peyzaj ekolojik iyilestirmelerini
destekleyebilecegi vurgulanmistir (Staccione vd.,
2021).

Vico vd. (2020), iklim degisikligi ve diizensiz
yagislarin tarimsal su ihtiyacin1 karsilamadigi
bolgelerde ciftlik goletlerinin kullanimini
incelemistir. Ciftlik goletleri, yeralti suyunun asiri
kullanimini azaltarak siirdirilebilir bir su kaynagi
sagladigi calismada vurgulanmistir. Ancak, goletlerin
dogru boyutlandirilmasi ve yonetimi kritik 6neme
sahiptir. Calismada, ortalama verim maksimize
edilmesi ve minimum kabul edilebilir verimin
saglanmas1 icin ¢iftlik goletlerinin en wuygun
boyutunu belirleyen bir model gelistirilmistir.
Simiilasyonlar, risk azaltma ve verim maksimize
etmenin zor uzlastifin1 géstermektedir (Vico vd.,
2020).

Literatiirde heniiz ¢ok fazla arastirmaya konu
olmayan tarim goletleri veya havuzlarl i¢in en
kapsaml arastirmay1 ise Lopez-Felices vd., (2020)
yapmislardir. Calismalarinda, sulama goletlerinin
tarimsal su  kaynaklarinin  siirdiriilebilirligi
lizerindeki etkisini incelemekte ve son 20 yildaki
arastirma  dinamiklerini ~ degerlendirmektedir.
Belirledikleri anahtar kelimelere gore sulama
goletleri hakkindaki makalelerin sistematik ve
bibliyometrik analiziyle, bu konuda artan bir
arastirma ilgisi oldugu ortaya konulmustur (Lopez-
Felices vd., 2020).

Arastirmalar, savunmasiz bolgelerde
stirdiiriilebilir  kalkinma, tarimsal iyilestirme,
cevresel etki degerlendirmesi ve su kaynaklarinin
ortak yonetimi gibi konulara odaklanmaktadir.

70

Ancak, sulama goletlerinin tarimda kullanim
kapasitesi, ciftcilerin tutumlar1 ve sistemlerin
ekonomik fizibilitesi konusunda literatiirde

bosluklar tespit edilmistir. Buna ek olarak, bu
alanlarin hem uzaktan algilama hem de meteorolojik
veriler ile Kkarsilastirmali  analizleri iceren
calismalara fazla odaklanilmamaistir.

Tarimsal sulama goletlerinin iklimsel ve
cevresel etkilerini Tiirkiye 6zelinde ele alan uzun
donemli ¢alismalarin sinirli olmasi literatiirde
belirgin bir eksiklik olarak 6ne ¢cikmaktadir. Tiirkiye,
su kaynaklarinin giderek daha fazla baski altinda
oldugu bir bolge olarak, tarimsal sulama goéletlerinin
etkilerinin daha kapsamli bir analizine ihtiyag
duymaktadir.

Bu ¢alismada da Tiirkiye’de sulama goletlerinin
dagihmi ve tarimsal siirdirilebilirlik iizerindeki
uzun donemli etkilerini incelemek amaciyla Mersin
ili calisma alani olarak belirlenmistir. Mersin ili
ozelinde yapilan analizler ve Tiirkiye'ye odaklanan
kapsamli degerlendirmelerle, iilkenin tarimsal
sturdirilebilirlik ve su yonetimi agisindan Kkarsi
karsiya oldugu sorunlara yonelik 6zgiin bir katki
sunmaktadir.

Ayrica, bolge c¢alisma bolgesi icerisinde
konumlanmis meteoroloji gozlem istasyonlarinda
kaydedilen uzun yillara ait yagis verileri kullanilarak
boélgenin meteorolojik kurakligt sadece yagis
parametresine dayali Standartlastirilmis Yagis
Indeksi (SYi) yontemiyle analiz edilmistir. Elde
edilen 12 aylik SYI zaman serilerinde meydana gelen
degisimin incelenmesi i¢in parametrik olmayan
yontemlerden ve olduk¢a sik kullanilan Mann
Kendall ve Spearman Rho yontemleri kullanilmistir
(Gumus vd., 2022; Achite vd., 2023; Celebioglu ve
Tayang, 2024). Zaman serisinde meydana gelen
degisimlerin biiytkligiiniin belirlenmesinde Sen’in
egim metodundan yararlanilmistir (Sen ve Sisman,
2024; Kartal ve Emiroglu, 2024). Bu bolgeye ait 40
yulik meteorolojik parametreler ve uydu verileri
analiz edilmistir.

Bolgesel iklim degisikligi ve tarimsal sulama
goletlerinin insa oranlar1 ve dagilimlari incelenmis
ve bu veriler 1s181nda tarimsal sulama goletlerinin su
kaynaklarinin siirdiiriilebilir yonetimi ve tarimsal
tiretimde su kalitesinin 6nemine dikkat ¢ekilecektir.
Bu arastirma, tarimsal sulama goletlerinin iklim
degiskenleri tlizerindeki uzun vadeli etkilerini ve
tarimsal stirdiiriilebilirlige katkilarini analiz ederek
literatiire dnemli bir katki saglamaktadir. Sulama
goletlerinin cevresel ve iklimsel sonuclarini daha
genis bir perspektifle degerlendiren bu c¢alisma,
mevcut arastirmalardaki eksiklikleri giderme amaci
tasimaktadir ve bu yoniyle literatiirdeki énemli bir
boslugu doldurmaktadir.

2. MATERYAL ve METOT
2.1. Calisma Alam

Bu ¢alisma, Tiirkiye'nin Akdeniz Bélgesi'nde yer

alan Mersin iline bagh Silifke ilcesinde
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gerceklestirilmistir. Calisma alani, yaklasik olarak
36°52'50.42"K ve 34°18'36.07"D koordinatlarinda
bulunmakta ve Toros Daglari'nin giiney eteklerinde
yer almaktadir (Sekil 1). Bolge, tipik Akdeniz iklimi
ozelliklerine sahiptir; yazlar sicak ve kurak, kislari
tlman ve yagish gecmektedir. Bolgedeki yillik
ortalama sicaklik 18-20°C arasinda degisirken, yillik
ortalama yagis miktar1 600-700 mm civarindadir.
Ancak son yillarda iklim degisikliginin etkisiyle
sicaklik artis1 ve dlzensiz yagislar dikkat
¢cekmektedir.

Calisma alani, tarimsal {iretimin yogun oldugu
bir bolgedir ve bu alanda sulama goletlerinin
kullanimi yaygindir. Ozellikle, kurak dénemlerde
sulama goletleri bolgedeki tarimsal faaliyetlerin
devamliligr i¢in kritik 6neme sahiptir. Goletlerin
olusturulmasi, tarimsal sulama igin siirekli bir su
kaynagi saglamakta ve irin verimliligini
artirmaktadir. Bolgedeki baslica tarimsal {riinler
arasinda narenciye, zeytin, domates ve diger
sebzeler bulunmaktadir. Silifke bdlgesinin tarim
alanlarinda, su kaynaklarinin  siirdiirilebilir
kullanimi giderek énem kazanmaktadir. Bu nedenle
bolge halki kurakligin etkisini en aza indirmek igin
tarim arazileri lizerine sulama goletleri insa ederek
triinlerini sulamaya devam etmektedir. Bu da bu
bolgenin sec¢ilmesinde dnemli bir faktordiir. Calisma
alani ilk olarak arazi smiflandirmasina tabi
tutulmustur. Bu amagla, ¢alisma alani ti¢ sinifa (ekili
alan - yesil alan - ormanlik alan) ayrilmistir.
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Sekil 1. Calisma Alani

2.2. Veri

Bu calismada, tarim alanlarindaki sulama
goletlerinin ¢evresel etkilerini analiz etmek icin
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uydu goriintiileri ve meteorolojik veriler bir arada
kullanilmistir. Uydu gorintiileri olarak Landsat
platformu tercih edilmistir. Landsat, 50 yili askin
stiredir diinya genelinde ¢evresel degisimleri izleme
amaciyla yiiksek ¢oziiniirlikli gorintiiler sunan bir
platformdur. Landsat 5 ve Landsat 8 uydularindan
elde edilen veriler, genis zamansal kapsami ve farkl
spektral bantlar1 sayesinde bitki ortiisii saghgini,
arazi degisikliklerini ve su kaynaklarini analiz etmek
icin idealdir. Calismada, bu uydu verilerinin tercih
edilme nedeni o6zellikle tarim ve c¢evre
calismalarinda sik¢a kullanilan Normalize Edilmis
Fark Bitki Ortiisii indeksi (Normalized Difference
Vegetation Index/NDVI) gibi gostergeleri liretme ve
uzun donemli egilimleri inceleme imkéani
sunmasidir.

Meteorolojik veriler ise ¢alismanin odaklandig
bolgedeki uzun vadeli iklim degiskenlerini izlemek
icin kullanilmistir. Bu veriler, sulama goletlerinin
bolgesel iklim tizerindeki etkilerini degerlendirmek
amaciyla elde edilmistir ve analizlerde kullanilmak
tizere ilgili istasyonlardan temin edilmistir.
Meteorolojik verilerin uzun yillara yayilan kapsami,
¢alisma alanindaki kuraklik ve yagis egilimlerinin
incelenmesine olanak tanimistir.

Landsat Misyonu, Diinya'y1 50 yil1 askin siiredir
gozlemleyen ve gezegenimizin degisimini izleyen bir
uydu programidir. ABD Jeoloji Arastirmalari
Kurumu (United States Geological Survey/USGS) ve

Ulusal Havacilik ve Uzay Dairesi (National
Aeronautics and Space Administration/NASA)
tarafindan ortaklasa yiiriitilen bu program,

Diinya'nin en uzun siliredir devam eden uydu
gorlintileme programlarindan biridir. Landsat
uydulari, yeryiiziiniin her noktasim1 16 gilnliik
araliklarla tarayarak zamansal ve mekansal yiiksek
¢oziinlrlikli goriintiiler sunar (Oguz, 2016;
Erdogan vd., 2022). Bu goriintiiler, ormancilik, tarim,
jeoloji, su kaynaklar ve sehir planlamasi gibi cesitli
alanlarda arastirma ve uygulama i¢in kullanilir (Roy
vd., 2014; Bandyopadhyay vd., 2023). Bu platformun
tercih edilmesinde; Landsat uydularinin, Diinya'nin
yluzeyini farkli dalga boylarinda (bantlarda)
algilayan cesitli sensérler tasimasi, uzun zamandir
(1972'den beri veri toplamaktadir) devam eden veri
setine sahip olmasi ve acgik erisim politikasi
sayesinde USGS tarafindan {cretsiz olarak
kullanilabilir olmasi etken olmustur.

Landsat platformu, su ana kadar toplamda 9
uyduya sahiptir. Her Landsat uydusu, Diinya'nin
ylzeyini farkli dalga boylarinda (bantlarda)
algilayan c¢esitli sensorler tasir. Bu, arastirmacilarin
yeryiziiniin farkli o6zelliklerini, o6rnegin bitki
ortlisiinli, topragi ve su Kkiitlelerini daha iyi
anlamalarim saglar. Bu ¢alismada uzun yillara ait
veriler tercih edildiginden Landsat-5 TM ve Landsat-
8 uydu goriinti verileri kullanilmis olup Kirmizi-
Yesil-Mavi-NIR-SWIR bantlar1 kullanilmistir.
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Tablo 1. Calismada kullanilan uydu verilerinin 6zellikleri

Platform Tarih Yoriinge/Dizi  Bulutluluk orani (%)
17.06.1985 28.06.1994 09.07.2003 176/35 0
22.06.1986 27.06.1995 06.07.2004 176/35 0
09.06.1987 01.06.1996 13.07.2005 176/35 0
27.06.1988 26.06.1997 16.07.2006 176/35 0

Landsat 5 TM 16.06.1989 26.07.1998 18.07.2007 176/35 0
03.07.1990 12.07.1999 18.06.2008 176/35 0
20.06.1991 30.07.2000 01.08.2009 176/35 0
08.07.1992 15.06.2001 24.07.2010 176/35 0
25.06.1993 26.06.2002 13.07.2011 176/35 0
29.06.2013 27.06.2017 21.06.2021 176/35 0
19.06.2014 04.07.2018 29.06.2022 176/35 0

Landsat 8 TM 13.06.2015 17.06.2019 14.07.2023 176/35 0
04.06.2016 09.07.2020 176/35 0

Cozlfl(g:ll;ﬁiaém) Spektral Coziinirlik (um)
Kirmizi - Yesil -
Mavi - Yakin Kirmizi Yesil Mavi Yakin Kizil6tesi
Kizil6tesi
Landsat 5 TM 30 0.63-0.69 0.52-0.6 0.45-052 0.76-0.9
Landsat 8 TM 30 0.63-0.67 0.53-0.59 0.45-0.51 0.85-0.88
Calisma kapsaminda iklim degisikliginin ve fotograflar1 gibi yiiksek ¢oziiniirlikli verilerin

tarimsal sulamanin etkileri arastirildigi icin nispeten
bulutlulugun az oldugu Haziran-Temmuz aylar
arasina ait veriler kullanilmistir. Bulut etkisinden
kacinmak i¢in ¢alisma tarihi genis tutulmustur.
Calismada kullanilan verilere ait bilgiler Tablo 1'de
aktarilmistir.

Uzaktan algilamada dogru siniflandirilmis bir
sonu¢ elde etmek biiylik dnem tasimaktadir. Bu
dogruluklar smiflandirici se¢imi, egitim verisinin
kalitesi, veri heterojenligi, veri seti ve referans
haritalar vb. gibi cesitli faktorlerden
etkilenmektedir. Siniflandirma ydntemi olarak, uydu
gorilintiileri 6nce nesne tabanl bir siniflandirma
algoritmasi kullanilarak segmentlere ve daha sonra
indeks kullanilarak siniflara ayrilmistir.

2.3. Smiflandirma

Detay ¢ikarma ve smiflandirma calismalari i¢in
literatlirde bircok yontem bulunmaktadir (Blaschke
vd., 2014; Ma vd., 2017; Luo vd., 2020). Siniflandirma
calismalar1 genellikle piksel tabanli ve obje tabanl
olmak tizere iki ana yaklasima ayrilmaktadir. Piksel
tabanl siniflandirma, her bir pikselin spektral
ozelliklerine dayali olarak siniflandirilmasidir (Guan
vd., 2014; Senthilkumaran & Vaithegi, 2016). Bu
yontem, daha basit bir yaklasim sunar (Gupta &
Bhadauria, 2014; Tehrany vd., 2014; Khatami vd.,
2016). Obje tabanh smiflandirma ise, gorintiideki
homojen objeleri veya segmentleri tanimlayarak
smiflandirir ve piksel seviyesinden daha yiliksek
dogrulukla arazi ortiisii siniflarini temsil eder (Wei
vd.,, 2005; Gupta & Bhadauria, 2014; Ozturk &
Colkesen, 2024).

Bu calismada obje tabanli siniflandirmanin ilk
asamasl olan segmentasyon islemi, eCognition
Developer  yazihmi  ile  gergeklestirilmistir.
eCognition yazilimi, uydu goriintiileri ve hava
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analizinde gii¢lii ve esnek bir aragtir (Hossain vd.,
2016; Hossain & Chen, 2019). Obje tabanh goriintii
analizi yaklasimini kullanan bu yazilim, ¢ok
¢oziinlrlikli  segmentasyon  algoritmasi ile
gorlintiiyi homojen segmentlere ayirarak, analiz
edilen nesnelerin daha anlamli siniflar olusturmasini
saglar (Baatz., 2000; Definiens, 2012). Bu sayede,
yalnizca piksel degeri degil, ayn1 zamanda nesnelerin
geometrik ve yapisal oOzelliklerine goére de
siniflandirma yapilabilmektedir; bu da daha yiiksek
dogruluk oranlari elde edilmesine yardimci olur
(Bergsjo, 2014). Ayrica, eCognition yaziliminin esnek
ve kullanici dostu arayiizii, analistlerin
segmentasyon ve siniflandirma parametrelerini
kolayca ayarlamasina olanak taniyarak analiz
stirecini hizlandirir. Yazilimin ¢ok katmanli veri
entegrasyonunu desteklemesi sayesinde
multispektral, hiperspektral ve diger veri tiirleri ayni
anda analiz edilebilir, bu da smiflandirma
dogrulugunu artirir (Carleer & Wolff, 2006; Blaschke
vd.,, 2011). eCognition ayrica, modiler yap1 ve
otomasyon secenekleri ile biiyiik veri setlerinde
zamandan tasarruf saglar ve kullanicilarin
tekrarlayan islemleri otomatiklestirmesine imkan
tanir. Destek Vektoér Makineleri, Rastgele Orman ve
Karar  Agaclar1  gibi  c¢esitli  siniflandirma
algoritmalarini desteklemesi sayesinde, projeye en
uygun algoritmanin sec¢ilmesine olanak taniyan bu
yazilim, uydu goriintiilerinde detayl analiz yapmak
isteyen arastirmacilar i¢in ideal bir segenek sunar.

Segmentasyon isleminde o0lgek, sekil ve
kompaktlik gibi parametreler kullanilarak goériinti
farkl alt béliimlere ayrilmistir. Bu ¢alismada 6lgek
parametresi gorsel olarak degerlendirilerek 10
olarak  belirlenmis, sekil ve  kompaktlik
parametreleri ise 0.5 olarak uygulanmistir (Benz vd.,
2004).
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Segmentasyon islemi tamamlandiktan sonra,
segmentlerin homojenligi ve boyutlar1 gorsel olarak
incelenmis ve her segmentin cesitli spektral,
tekstiirel ve sekil o6zellikleri arastirilmistir. Bu
ozellikler arasinda ortalama yansima degerleri,
NDVI, sekil metrikleri (kompaktlik, uzunluk-genislik
orani vb.) ve tekstiirel metrikler bulunmaktadir.
Siniflandirma asamasinda kullanilan egitim veri seti,
ekili alan - yesil alan - ormanlik alan olarak

ayrilmistir.  Siniflara ait o6rnek segmentlerden
manuel olarak etiketlenmistir.

Calismamizda kullanilan siniflandirma
algoritmalar literatiirde ayrintil sekilde

degerlendirilmis olup, cesitli simiflandirma teknikleri
dikkate alinmistir. Rastgele Orman algoritmasi
genellikle yiiksek dogruluk oranlari saglarken, karar
agaclar1 basit veri kiimelerinde daha hizli sonuglar
sunar. Ancak, karar agacglar1 asir1 6grenmeye
yatkindir. K-En Yakin Komsu ve Naive Bayes gibi
algoritmalar ise daha kiigik veri kiimeleri ve
bagimsiz 6zellikler varsayimi altinda iyi sonug verir.
Bu c¢alismanin amaci ve veri yapisi goz oniinde
bulunduruldugunda, ekili alan - yesil alan - ormanlik
alan olarak ayrilmistir. Siniflar1 ayirt etme kabiliyeti
nedeniyle Destek Vektor Makineleri tercih
edilmistir. Destek Vektor Makineleri algoritmasi,
ozellikle az sayida ve spektral olarak benzer
siniflarin  ayriminda yiiksek dogruluk saglamasi
nedeniyle bu c¢alismada etkili bir ¢6ziim
sunmaktadir.

Gorinti siniflandirma islemi tamamlandiktan
sonra, elde edilen sonuglarin dogrulugunu
degerlendirmek  6nemlidir. Dogruluk analizi
yapmak, siniflandirma sonuglarinin ne kadar dogru
oldugunu degerlendirmek ig¢in kritik bir adimdir.
Dogruluk analizi, siniflandirilmis verilerin, bilinen
dogrulukta referans veri seti ile karsilastirilmasi ile
gerceklestirilir. Dogruluk analizinde kullanilan 195
nokta, calisma alaninin biyukligi ve
siniflandirmanin dogrulugunu saglamak amaciyla
her bir sinifa yeterli sayida nokta diisecek sekilde
orantili olarak belirlenmistir. Bu 6rnekleme ydntemi,
her sinifin dogruluk degerlendirmesini desteklemek
amaciyla yapilmistir ve ti¢ sinifin her birine dengeli

sekilde dagitilmistur.
Dogruluk analizinde, siniflandirma modelinin
performansini  degerlendirmek amaciyla hata

matrisi kullanilmistir. Hata matrisi, simiflandirilan
her bir smifin dogru ve yanhs smiflandirma
durumlarint  ayrintii  bir  sekilde  gosterir.
Calismamizda ii¢ sinifin dogruluk degerlendirmesi
yapilmistir. Siniflandirma sonuglarinin dogrulugunu
kontrol etmek i¢in bilinen siniflara ait referans
alanlar1 secilmistir. Bu alanlar, her sinif icin temsil
edici ve belirgin net olan alanlardir. Daha sonra
dogrulama alanlarini temsil eden bir katman
olusturulmus ve bu katmanda her sinifa ait 6rnek
alanlar (poligonlar veya noktalar) manuel olarak
etiketlenmistir. Hata matrisi, siniflandirma sonuclari
ile dogrulama veri seti arasindaki dogrulugu
karsilastirmak icin  kullanilan bir tablodur.
eCognition, hata matrisi olusturmak icin yerlesik
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araglar saglar. Hata matrisi ayrica dolayli olarak
yanlis siniflandirma oranlarini gdsteren bir tablodur.
Her bir referans sinifi i¢in yanlis siniflandirma
sayisinl ve yanlis siniflandirilan nesnelerin hangi
siniflara atandigini gosterir ve her bir sinifin hangi
diger siniflara karistirildigini belirlemeyi saglar.
Hata matrisi kullanilarak c¢esitli dogruluk
metrikleri  hesaplanabilir. ~ Dogruluk  analizi
metrikleri, siiflandirma sonuglarinin performansini
degerlendirmek i¢in kullanilan temel olciitlerdir.
Calismada; Genel dogruluk, Kesinlik, Geri Cagirma ve

Belirlilik  metrikleriyle  birlikte F1  skoru
hesaplanmistir ve sirasiyla Denklem 1-5'te
sunulmustur.

Genel Dogruluk: Hata matrisinde dogru
siniflandirilan tiim o6rneklerin toplaminin, tiim

orneklerin toplamina oranlanmasiyla elde edilen bu
metrik, siniflandirma modelinin genel basarimini
yansitir. Calismamizda elde edilen genel dogruluk
degeri, siniflandirma isleminin genel olarak basarili
oldugunu gostermektedir.

Genel Dogruluk = TP+ TN (1)
enet VOBTUMME = TP Y TN + FP + FN

Kesinlik: Modelin, belirli bir simfta pozitif
olarak siniflandirdig1 6rneklerin gercekte de o sinifa
ait olma oranini gosterir. Bu, yanlis pozitifleri
azaltmak i¢in 6nemli bir metriktir.

TP
Kesinlik =

- 2
TP + FP (@)

Belirlilik: Modelin negatif smiflar1 dogru bir
sekilde ayirt etme basarisin1 yansitir. Diger bir
deyisle, belirli bir sinifa ait olmayan 6rnekleri dogru
sekilde siniflandirma oranini ifade eder.

Belirlilik = —~ 3)
G = N T FP

F1 Skoru: Hassasiyet ve belirliligin bir
kombinasyonudur ve her iki metrigin de dengesini
saglayarak modelin genel performansini
degerlendirir. F1 skoru, kesinlik ve geri ¢agirmanin
harmonik ortalamasi olarak elde edilmistir. Calisma
boyunca mikro veya makro modda hesaplama
yapilmadig1 i¢in bireysel kesinlik ve geri ¢agirma
degerleri tizerinden elde edilmistir.

2 x Kesinlik x Geri Cagirma
Flscore = — — (4)
Kesinlik + Geri Cagurma

Geri Cagirma: Pozitif smif oOrneklerinin ne
kadarinin dogru smiflandirildigini  goésteren bu
metrik, oOzellikle eksik siniflandirmalar1 azaltmak
icin 6nemlidir.
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o TP s
Geri Cagirma = TPTFN (5)

Bu denklemlerde:

TP: Dogru Pozitif (Dogru
orneklerin sayisi)

TN: Dogru Negatif (Yanlis siniflandirilmayan
orneklerin sayisi)

FP: Yanlis Pozitif (Yanlishkla pozitif olarak
siniflandirilan érneklerin sayisi)

FN: Yanlis Negatif (Yanlishkla negatif olarak
siniflandirilan 6rneklerin sayisi) (Yigit vd., 2022;
Orhan vd., 2022)

Bu metriklerin smiflandirma  dogrulugu
tizerindeki etkileri, modelin ekili alan - yesil alan -
ormanlik alan olarak ayrilmistir ve simflart ayirt
etmedeki basarisini farkh acilardan
degerlendirmemize olanak tanimaktadir.

smiflandirilan

2.4. Standartlastinnlmis  Yagis Indeksi ve

Kuraklik Trend Analizi

Standartlastirilmis Yagis indeksi (SYI), sadece
yagls verilerine dayali bir yontem olup bu
ozelliginden dolay1 oldukca sik tercih edilen bir
yontemdir (Simsek vd., 2024a; Simsek vd., 2024b).
Bu ydntem uygulanmadan oénce yagis verileri bir
dagilima uydurulur ve normalize edilir. Daha sonra
yeni olusturulan veri setine bu yéntem uygulanarak
kuraklik indis degeri elde edilir. indis degeri,
herhangi bir zaman 6l¢cegindeki yagis degerinin uzun
yillara ait ortalamadan farkinin, uzun yillar veri
setine ait standart sapma degerine bdliinmesiyle
elde edilir. indis degerinin negatif olmasi kurak,
pozitif olmasi ise yagish olarak tanimlanir (Keskiner
ve Simsek, 2023; Simsek vd., 2024a).

Bu kuraklik analiz yonteminde indis
degerlerinin siddetine gore siniflandirilmasi ve indis
degerlerinin araliklar1 Tablo 2’de verilmistir.
Arastirma  bolgesinde  Tablo 3’te  verilen
istasyonlarin 1985 ile 2022 yillar1 arasindaki 38
aylik ortalama yagis verileri kullanilarak bélgenin
kuraklik analizi gerceklestirilmistir. SYI yontemiyle
ele alinan istasyonlarda 12 aylik zaman odlgeginde
indis degerleri hesaplanmis ve meydana gelen lineer
trendler ve Mann-Kendall ve Spearman Rho
yontemiyle elde edilen monotonik trend durumu
degerlendirilmistir.

Herhangi bir zaman serisinde meydana gelen
degisimin belirlenmesi i¢in oldukg¢a sik kullanilan
Mann kendall ve Sperman Rho yo6ntemleri
parametrik olmayan yontemlerdir (Keskiner ve
Simsek, 2024). Zaman serisinde meydana gelen
degisimin belirlenmesinde kullanilan bu yontemler
non parametrik yontemlerdir. Test istatistigi (Z)
degerinin pozitif olmasi zaman serisinde artis
trendini, negatif olmas1 ise zaman serisinde azalis
trendini ifade etmektedir. Z test istatistik degerinin
belirlenen giiven araligi degerinden biyiik olmasi
durumunda bu zaman serisinde istatiksel olarak
anlaml trend varligindan bahsetmek miimkiindiir.
Bu ¢alismada, giiven aralig1 %95 olarak belirlenmis
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ve bu giiven arali@ icin Z degeri +1.96’dir. SYI
yontemiyle ele alinan istasyonlarda 12 aylik zaman
Olceginde indis degerleri hesaplanmis ve elde edilen
SYI zaman serilerine Mann-Kendall ve Spearman
Rho yontemiyle elde edilen monotonik trend
durumu degerlendirilmistir. Ayrica, meteorolojik
kurakliga ait SYI zaman serilerinde meydana gelen
degisimin biiytikliigliinlin belirlenmesinde Sen Slope
yontemi yaygin olarak kullanilan yéntemler
arasindadir (Gumus vd., 2023). Sen slope degerinin
negatif olmasi zaman serinde azalisi, pozitif olmasi
ise zaman serisinde artis1 temsil etmektedir. Degerin
biiylik olmasi artis veya azalisin daha hizli olacagini
anlamina gelmektedir.

Tablo 2. SYI yéntemine ait kuraklik siniflar1 ve indis
degerleri aralif

Kuraklik Sinifi indis degeri aralign

Asir1 Kurak SYi<-2.00

Cok Kurak -2.00<SYi<-1.50
Orta Kurak -1.50=SYi<-1.00
Hafif Kurak -1.00=SYi<0
Hafif Yagigh 0<SYi<1.00
Orta Yagish 1.00<SYi<1.50
Cok Yagish 1.50<SYi<2.00
Asin Yagish SYi>2.00

Tablo 3. Meteorolojik istasyon bilgileri

istasyon Ad1  istasyonNo Enlem  Boylam
Anamur 17320 36.0686 32.8649
Erdemli 17958 36.6268 34.3380
Silifke 17330 36.3824 33.9373
Mut 17956 36.6514 33.4339

3. BULGULAR

Tarim alanlari, her zaman iklim, ¢evresel ve
kentsel gelisim gibi uzun ve kisa vadeli degisiklikler
tarafindan cesitli etkilerin tesirinde kalmistir. Tarim
alanlarinda siirdiiriilebilir kalkinma ve c¢evrenin
korunmasi igin bitki deseni degisiminin siirekli
olarak izlenmesi gerekmektedir. Geleneksel olarak,
arazi smiflandirilmast ve tarimsal alanlardaki
degisiklikleri tespit etmek i¢in yerinde saha
arastirmalart kullanilmistir. Ancak, bu geleneksel
yontemle degisikliklerinin kapsamli ve uzun vadeli
izlenmesi maliyetli ve zaman alicidir. Bu baglamda,
uzaktan algilama verileri yer gézlem ¢alismalari icin
en uygun ¢Oziimi olusturmakta ve zamansal
¢oziinlirlik, cok bantli algilama ve goreceli maliyet
kabiliyetleri nedeniyle yaygin olarak
kullanilmaktadir. Tarimsal alanlardaki degisiklikleri
tespit etmek i¢in verilerin hassas bir bicimde analiz
edilmesi ve bunlarin haritalarinin  iiretilmesi
gereklidir. Uzaktan algilama teknikleri ile belirlenen
araziler daha sonra cografi bilgi sistemleri
ortaminda analiz edilerek yillar arasindaki degisim
analiz edilebilir. Bu amagla, oncelikle c¢alisma
alaninin Landsat goriintiileri kullanilarak obje
tabanh siniflandirma yontemiyle arazi
siniflandirilmasi tanimlamasi yapilmistir. Ardindan,
kullanilan siiflandirma yénteminin dogruluk analizi
yapilmis ve belirlenen simniflarin dogruluklar

Turkish Journal of Remote Sensing



Tiirkiye Uzaktan Algilama Dergisi - 2024; 6(2); 68-84

incelenmistir. Son olarak incelenen alanin bélgedeki
istasyonlardan  aliman  meteorolojik  veriler
kullanilarak cesitli kuraklik analizleri
gerceklestirilmistir. Bu analizler sayesinde, tarim
alanlarindaki degisikliklerin nedenleri ve etkileri
daha iyi anlasilabilir ve gelecekteki stirdiiriilebilir
tarim uygulamalari i¢cin 6nemli veriler elde edilebilir.

Sekil 2 ve 3’te calisma alanin yillara gore
siniflandirilmasi verilmis ve incelendiginde, 1985 ile
2023 yillan arasinda ekili arazilerin giderek azaldigy,
yesil alan ve ormanlik alanlarin ise arttig

goriilmektedir. Artan alanlarin ¢ogu orman alanlari
olsa da yesil alanlarinda da artis goériilmistiir ancak
kullanim alanlar1 azalmistir. Diger bir deyisle, tarim
arazilerinin miktar1 artmasina ragmen kullanilan
alanlar pargalanmistir. Niifus, iklim kosullar1 ve
kentlesmenin bu anlamda etkisi fark edilmektedir.
alanlarim

Ayrica biliyik tarim sulamak zor

oldugundan kiicik tarim alanlar1 kullanilmaya
devam etmektedir (Sahin & Kahraman, 2021).
Siniflandirma sonucunda boélgeden elde edilen NDVI
indeks degerlerinde de bir artis gézlenmektedir. Bu
artis kuraklik sonrasinda da devam etmektedir.
Bunun temel nedeni bolgede bulunan 6zel tarimsal
sulama goletleridir. Sekil 4’te yillara gore uydu
goriintilerinden gorsel inceleme sonucu tespit
edilen sulama havuzlarinin giincel say1 ve konumlari
gosterilmektedir. Glincel olarak 2023 yilinda ¢alisma
alaninda 1935 adet sulama havuzu bulunmaktadir.
Bolgede inceleme gerceklestiren resmi kurumlardan
ve uydu goriintiilerinden tespit edilen 1985 yilinda
ise 51 sulama havuzu bulunmaktadir. Yine ayni
sekilde 1990, 2000, 2010, 2015, 2020 yillarinda ise
sirastyla 112, 363, 718, 1227, 1782 adet sulama
havuzu bulunmaktadir.

Sekil 2. Arazi siniflandirmasi (1985-2003)
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Sekil 4. Calisma alanindaki sulama havuzlarinin konumu
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3.1. Dogruluk Analizi

Dogruluk analizi, uydu goriintisi
siniflandirmasinda siniflandirmanin dogrulugunu ve
sonu¢ Uriiniin givenilirligini belirlemek i¢in kritik
bir aractir. Bu analiz, siniflandirilan alanlarin dogru
kullanimin1  ve degerlendirilmesini saglamada
onemli bir rol oynar. Modellerin performansini
cesitli metriklerle degerlendiren bu dogruluk
analizleri, modellerin dogrulugunu ve giivenilirligini
belirlemede yol gosterici olur.

Bu c¢alismada, smiflandirma modelinin
performansint  6lgmek amaciyla Hata Matrisi

kullanilmistir. Hata Matrisi, her bir referans sinifi
icin dogru ve yanls siniflandirilmis nesne sayisini
gostererek  modelin  siniflandirma  yetenegini
ayrintili bir sekilde ortaya koyar. Bu matris temel
alinarak elde edilen dogruluk metrikleri, siniflarin ne
kadar dogru bir sekilde siniflandirildigini ve modelin
genel basarimini degerlendirmek i¢in kullanilmistir.
Calismada kullanilan dogruluk analizi kapsaminda,
Genel Dogruluk, Kesinlik, Belirlilik, F1 Skoru ve Geri
Cagirma gibi metrikler hesaplanmistir. Bu metrikler,
modelin hem genel performansini hem de smiflar
diizeyinde basariy1 detayli bir sekilde analiz etme
imkani sunmustur.

Tablo 4. Arazi siniflandirmasindaki her sinifa ait 1985-2003 yillar1 dogruluk degerleri

Yil Sinif Genel Dogruluk Kesinlik Belirlilik F1 Score Geri Cagirma

Ekili Alan 0.88 0.92 0.93 0.87 0.91

1985 Yesil Alan 0.93 0.83 0.85 0.92 0.88
Ormanlik Alan 0.85 0.86 0.86 0.83 0.89

Ekili Alan 0.90 0.86 0.91 0.82 0.82

1986 Yesil Alan 0.90 0.89 0.89 0.87 0.85
Ormanlik Alan 0.83 0.84 0.84 0.89 0.85

Ekili Alan 0.89 0.92 0.84 091 0.92

1987 Yesil Alan 0.86 0.83 0.82 0.93 0.87
Ormanlik Alan 0.85 0.83 0.83 0.94 0.84

Ekili Alan 0.88 0.89 0.84 0.82 0.92

1988 Yesil Alan 0.87 0.92 0.87 0.88 0.86
Ormanlik Alan 0.83 0.93 0.82 0.94 0.83

Ekili Alan 0.87 0.92 0.88 0.88 0.85

1989 Yesil Alan 0.90 091 0.94 0.92 0.84
Ormanlik Alan 0.85 0.91 0.92 0.86 0.89

Ekili Alan 0.89 0.9 0.81 0.85 0.86

1990 Yesil Alan 0.82 0.88 0.92 0.93 0.88
Ormanlik Alan 0.86 0.87 0.81 0.83 0.93

Ekili Alan 0.87 0.88 0.84 0.89 0.86

1991 Yesil Alan 0.90 0.86 0.85 0.92 0.85
Ormanlik Alan 0.82 0.84 0.91 0.89 0.91

Ekili Alan 0.93 0.88 0.87 0.93 091

1992 Yesil Alan 0.88 0.82 0.94 0.83 0.86
Ormanlik Alan 0.87 0.84 0.83 0.87 0.93

Ekili Alan 0.94 0.93 0.86 0.89 0.84

1993 Yesil Alan 0.84 0.88 0.84 0.89 0.88
Ormanlik Alan 0.88 0.82 0.82 0.94 0.81

Ekili Alan 0.86 0.89 0.87 0.81 0.83

1994 Yesil Alan 0.83 0.87 0.93 0.86 091
Ormanlik Alan 0.84 0.87 0.82 0.82 0.89

Ekili Alan 091 0.87 0.85 0.87 0.87

1995 Yesil Alan 0.85 0.86 0.93 0.82 0.85
Ormanlik Alan 0.88 0.85 0.93 0.91 0.89

Ekili Alan 0.88 0.89 0.89 0.88 0.85

1996 Yesil Alan 0.86 0.92 091 0.87 0.93
Ormanlik Alan 0.82 0.87 0.84 0.85 0.89

Ekili Alan 0.88 0.81 0.92 0.88 0.92

1997 Yesil Alan 0.88 0.94 0.89 0.84 0.92
Ormanlik Alan 0.88 0.86 0.86 0.84 0.94

Ekili Alan 0.93 0.85 0.83 0.94 0.84

1998 Yesil Alan 0.87 0.92 0.92 0.92 0.82
Ormanlik Alan 0.93 0.83 0.88 0.91 0.81

Ekili Alan 0.82 0.82 0.88 0.85 0.88

1999 Yesil Alan 0.94 0.81 0.85 0.81 0.84
Ormanlik Alan 0.85 0.81 0.92 0.84 0.94

Ekili Alan 0.82 0.85 0.83 0.83 0.93

2000 Yesil Alan 0.82 0.86 0.92 0.93 0.87
Ormanlik Alan 0.88 0.82 0.91 0.91 0.92

Ekili Alan 0.81 0.89 0.88 0.86 0.89

2001 Yesil Alan 0.84 0.88 0.89 0.86 0.82
Ormanlik Alan 0.83 0.87 0.85 0.88 0.88

Ekili Alan 0.92 0.87 0.86 0.93 0.92

2002 Yesil Alan 0.83 0.83 0.81 0.86 0.86
Ormanlik Alan 0.91 0.87 0.83 0.87 0.85

Ekili Alan 0.93 0.83 0.88 0.83 0.93

2003 Yesil Alan 0.89 0.88 0.86 0.81 091
Ormanlik Alan 0.85 0.88 0.82 0.88 0.91
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Tablo 5. Arazi siniflandirmasindaki her sinifa ait 2004-2023 yillar1 dogruluk degerleri

Yil Siif Genel Dogruluk Kesinlik Belirlilik F1 Score Geri Cagirma

Ekili Alan 0.92 0.85 0.83 0.93 0.91

2004 Yesil Alan 0.84 0.82 0.83 0.83 0.90
Ormanlik Alan 0.83 0.93 0.85 0.85 0.82

Ekili Alan 0.94 0.88 0.83 0.88 0.90

2005 Yesil Alan 0.87 0.84 0.94 0.86 0.89
Ormanlik Alan 0.89 0.94 0.84 0.9 0.87

Ekili Alan 0.91 0.89 0.87 0.87 0.94

2006 Yesil Alan 0.84 0.81 0.87 0.93 0.91
Ormanlik Alan 0.81 0.84 0.87 0.86 0.88

Ekili Alan 0.87 0.88 0.86 0.92 0.94

2007 Yesil Alan 0.83 0.91 0.87 0.82 0.84
Ormanlik Alan 0.92 0.92 0.85 0.86 0.91

Ekili Alan 0.91 0.89 0.93 0.87 0.87

2008 Yesil Alan 0.82 0.84 0.89 0.93 0.85
Ormanlik Alan 0.81 0.84 0.88 0.92 0.82

Ekili Alan 0.83 0.89 0.91 0.92 0.82

2009 Yesil Alan 0.88 0.85 0.86 0.92 0.87
Ormanlik Alan 0.9 0.81 0.85 0.93 0.84

EKkili Alan 0.89 0.87 0.91 0.86 0.85

2010 Yesil Alan 0.83 0.93 0.83 0.87 0.92
Ormanlik Alan 0.85 0.91 0.86 0.82 0.86

Ekili Alan 0.83 0.93 0.93 0.93 0.83

2011 Yesil Alan 0.84 0.92 0.92 0.85 0.88
Ormanlik Alan 0.91 0.85 0.83 0.84 0.89

EKkili Alan 0.93 0.86 0.82 0.91 0.86

2013 Yesil Alan 0.86 0.81 0.83 0.84 0.85
Ormanlik Alan 0.94 0.86 0.91 0.86 0.93

Ekili Alan 0.88 0.87 0.88 0.92 0.83

2014 Yesil Alan 0.92 0.83 0.88 0.89 0.81
Ormanlik Alan 0.84 0.89 0.82 0.92 0.89

EKkili Alan 0.86 0.93 0.89 0.85 0.89

2015 Yesil Alan 0.82 0.89 0.84 0.81 0.88
Ormanlik Alan 0.88 0.92 0.9 0.94 0.83

EKkili Alan 0.84 0.91 0.94 0.91 0.86

2016 Yesil Alan 0.92 0.89 0.82 0.81 0.81
Ormanlik Alan 0.89 0.89 0.91 0.94 0.94

EKkili Alan 0.91 0.91 0.85 0.89 0.93

2017 Yesil Alan 0.82 0.84 0.92 0.87 0.86
Ormanlik Alan 0.88 0.92 0.91 0.93 0.92

Ekili Alan 0.87 0.82 0.84 0.84 0.94

2018 Yesil Alan 0.94 0.93 0.94 0.82 0.88
Ormanlik Alan 0.84 0.85 0.84 0.85 0.88

EKkili Alan 0.88 0.93 0.82 0.83 0.88

2019 Yesil Alan 0.87 0.89 0.93 0.84 0.93
Ormanlik Alan 0.93 0.91 0.86 0.94 0.93

EKkili Alan 0.81 0.92 0.81 0.91 0.85

2020 Yesil Alan 0.94 0.88 0.93 0.84 0.82
Ormanlik Alan 0.87 0.83 0.89 0.84 0.88

EKkili Alan 0.89 0.94 0.93 0.93 0.89

2021 Yesil Alan 0.89 0.89 091 0.84 0.86
Ormanlik Alan 0.92 0.93 0.85 0.82 0.93

Ekili Alan 0.89 0.83 0.93 0.87 0.93

2022 Yesil Alan 091 0.94 0.85 0.83 0.81
Ormanlik Alan 0.86 0.91 0.86 0.93 0.92

Ekili Alan 0.89 0.92 0.91 0.89 0.86

2023 Yesil Alan 0.82 0.85 0.82 0.81 0.85
Ormanlik Alan 0.85 0.84 0.84 0.84 0.94

Sonug olarak, Tablo 4 ve 5'te sunulan dogruluk
analizi sonuglari, siniflandirilan her bir sinifin
ylksek dogruluk oranlarina sahip oldugunu ortaya
koymaktadir. Bu durum, modelin uydu goriintiisi
simiflandirmasinda  basarii  bir  performans
sergiledigini ve smiflarin dogru bir sekilde
siniflandirildigini gostermektedir.

1985-2023 yillar1 arasinda yapilan arazi
siniflandirmasi ¢alismasinda elde edilen dogruluk
analizleri, smiflandirmanin yiiksek gilivenilirlik
diizeyinde gerceklestirildigini gostermektedir. Tiim
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yilar boyunca genel dogruluk degerlerinin %81 ile
%94 arasinda degistigi, cogunlukla %88 ve lizerinde
kaldig1 goézlemlenmistir. Bu durum, smiflandirma
isleminin uzun vadede tutarhh sonuglar sundugunu
gostermektedir.

Siniflar bazinda yapilan degerlendirmede, ekili
alan genellikle en tutarli dogruluk oranlarina sahip
olup %85 ile %94 arasinda degisen bir dogruluga
sahiptir ve yillar boyunca goreceli olarak daha az
dalgalanma gostermistir. Yesil alan ise dogruluk
acisindan hafif inis ¢ikislar sergilese de genel olarak
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%82 ile %94 arasinda degerler almis ve ozellikle
2000°1li yillarin ortalarindan itibaren dogrulugunda
belirgin bir iyilesme gézlemlenmistir. Ormanlik alan
donemsel olarak daha fazla dalgalanma goriilmiis
olup dogruluk oranlar1 bazi yillarda %82 seviyesine
kadar diiserken, diger yillarda %93 seviyelerine
ulagmistir. Bu durum, siniflandirma performansinin
bazi yillarda ormanlik alan daha degisken oldugunu
ortaya koymaktadir.

Kesinlik ve belirlilik metrikleri incelendiginde,
ekili alan ve ormanlik alan i¢in kesinlik degerlerinin
daha tutarli oldugu, ozellikle 2005 ve sonrasi
donemde bu simiflarin kesinlik degerlerinin %85’in
altina dismedigi goriilmektedir. yesil alanin
belirlilik degerleri ise %83 ile %94 arasinda
dalgalanma go6stermistir, ancak 2010 yilindan
itibaren belirlilik degerlerinde genel bir artis trendi
ortaya ¢cikmistir. F1 skoru ve geri cagirma degerleri
acisindan ekili alan ¢ogunlukla yiiksek performans
sergilemis, %85’in altina nadiren dismis ve
ozellikle 1990-2010 yillar1 arasinda %90 civarinda
sabit kalmistir. Yesil alan ise F1 skoru ve geri
cagirma degerleri yillar arasinda %81 ile %94
arasinda degisiklik gostermis olup son yillarda bu
sinifta daha stabil bir seyir gézlenmistir. Ormanlk
alan ise bazi donemlerde %82 seviyelerine kadar

3.0

Anamur

diisen geri cagirma degerleri, bazi yillarda %93 ve

lizerine cikarak performansin arttigini
gostermektedir.

1985-2003 donemi ile 2004-2023 doénemi
karsilastirildiginda, 2004  sonrasinda  genel

dogruluk, kesinlik ve geri ¢agirma gibi metriklerde
siniflandirma performansinda belirgin bir iyilesme
oldugu gozlemlenmistir. Bu iyilesme, kullanilan
teknoloji veya veri isleme yoOntemlerindeki
gelismelerden kaynaklaniyor olabilir. Tim bu
sonuglar, smiflandirma isleminin ytliksek dogruluk

oranlariyla gerceklestirilmis oldugunu
gostermektedir. Ancak, bazi siniflarda dénemsel
olarak gozlemlenen dalgalanmalar simiflarin

ayristirllmasinda zorluklar yasanabilecegini isaret
etmektedir.

3.2. Kurakligin Degerlendirilmesi

Calisma bolgesinde konumlanmis olan 17320-
Anamur, 17958-Erdemli, 17330-Silifke ve 17956-
Mut istasyonlarinda 1985-2022 yillar1 arasinda
Olclilen yagis verileri kullanilarak elde edilen 12
ayhik SYI indis degerlerinin zamansal degisimleri
Sekil 4’te verilmistir.
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Anamur istasyonuna ait SYI degerlerinin
zamansal degisiminden, istasyonda asir1 yagish
(SYi<-2) sinifin olusmadig1 buna karsilik ele alinan
zaman periyodu igerisinde iki yilda asir1 kuraklik
yasanmistir. 2013 yilindan o6nceki yillarda araliksiz
olarak kuraklik veya yagisli gecen yillarin uzunlugu
daha fazla iken bu tarihten itibaren kurak ve yagish
donemler arasinda gecis daha kisa yillar stirmistiir.
Bu istasyonda uzun kurak ve yagislh donem 5 yil
surmustur.

En siddetli kurakligin yasandigi dénem olan
1989-1993 yillan arasinda kuraklik siddeti-5.036
olarak  gerceklesmistir.  Ele alinan  diger
istasyonlarda en siddetli kuraklik 2015 yilinda, en
yagish indis degeri ise 2001 yi1linda hesap edilmistir.
Erdemli istasyonunda en siddetli kuraklik-4.061
degerinde, Mut istasyonunda -4.193 degerinde ve
Silifke  istasyonunda ise -2.923 degerinde
yasanmistir. En uzun kuraklik Erdemli ve Mut
istasyonlarinda 6 yil, Silifke istasyonunda ise 5 yil
siirmustir. Linear egim degerleri incelendiginde
Anamur ve Mut istasyonlarinda pozitif bir egim yani
kuraklikta azalma goriiliirken, Erdemli ve Silifke
istasyonlarinda tam tersi bir durum séz konusudur.

Ele alinan istasyonlara ait 12 aylk indis
degerlerinin zamansal degisim grafiklerinden, son
yillarda bolgede kuraklik ve yagisli donemlerin 2013
yilindan itibaren daha kisa araliklarla geg¢is yaptigi
belirlenmistir.  incelenen bélgede, 2008-2012
yillarinin yagish gectigi, 1988-1993 ve 2002-2007
yillarinda ise genel olarak kurakligin belirgin bir
sekilde meydana geldigi sdylenebilir.

12 aylik zaman o6l¢eginde elde edilen indis
degerlerinin Mann-Kendall ve Spearman Rho trend
analizi sonuglar1 ve Sen Slope degerleri Tablo 6’da
verilmistir. %95 gliven araliginda gerceklestirilen
trend analizi sonuglarina gore herhangi bir
istasyonda istatiksel olarak anlamli herhangi bir
trend belirlenmemistir. Her iki yontem ile Anamur
istasyonunda artan trend, Erdemli, Mut ve Silifke
istasyonlarinda ise azalan trend vardir. En biiyiik
azalma egilimi Erdemli istasyonunda-0.0061 olarak
elde edilmistir. Sonug olarak ele alinan istasyonlarin
biiytik bir ¢ogunlugunda indis degerlerinde azalma
egilimi yani kuraklikta artma egilimi s6z konusudur.

Calisma bolgesi icerisinde Anamur istasyonu
incelenen istasyonlar arasinda kuraklik agisindan en
az riske sahip istasyon olarak belirlenmistir. Bélge
genelinde meteorolojik kurakligi incelemek igin
sadece yagisa dayali hesaplanan indis degerlerinde
meydana gelen azalma egilimi bolgede her ne kadar
kurakligin artacagini ifade etse de elde edilen test
istatistiklerinin %95 giiven araliginda statiksel
olarak anlamli olmamasi ve Sen Slope degerlerinin
oldukga kiiciik olmasi ¢alisma boélgesinde kuraklik
riskinin az oldugu ve degisimin kisith olacagl
anlamina gelmektedir.

Ayrica, bolgede artan sulama goletleri ve
sicaklik degerlerinden ¢alisma bdlgesinde nemin
artmasi kac¢inilmazdir. Artan sicaklik ve nemlilik,
bolgede iklim degisikliginin meydana gelmesine
neden olacaktir.
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Tablo 6. Trend analizi sonuglari

istasyon Mann-Kendall Spearman Rho Sen Slope

Anamur 0.1509 0.2267 0.0035
Erdemli -0.4274 -0.5931 -0.0061
Mut -0.2514 -0.1412 -0.0033
Silifke -0.1006 -0.0282 -0.0020
4. TARTISMA
Bu c¢alismanin bulgular, tarimsal sulama

goletlerinin tarimsal siirdiiriilebilirlik ve ekosistem
saglig1 tizerindeki olumlu etkilerini ortaya koyarak,
su yonetimi ve iklim degisikligiyle miicadelede
onemli bir ara¢ olabilecegini gdstermektedir.
Ozellikle kurak dénemlerde bitki 6rtiisiiniin
korunmasina katki saglayan bu goletler, su yonetimi
politikalarinda  degerli bir bilesen olarak
diistintlebilir. Calismanin sundugu bulgular, sulama
goletlerinin yerel su kaynaklarinin etkin yonetimi
icin stratejik bir ara¢ oldugunu gostermekte ve bu
yapilarla dogal su déngiisiiniin uyumlu bir sekilde
entegre edilmesi gerektigini vurgulamaktadir. Bu
dogrultuda, kiiresel su yo6netimi politikalar:
kapsaminda yar1 kurak ve kurak bolgelerde sulama
goletlerinin insasin tesvik eden fonlarin artirilmasi
ve  surdirilebilir  yonetim  uygulamalarinin
gelistirilmesi 6nerilmektedir.

Ayn1 zamanda, sulama goletlerinin iklim
degisikligiyle miicadelede doga temelli c¢oziimler
olarak kullanilabilirligi, ¢alismanin diger 6nemli
katkilarindan biridir. Bulgular, bu goéletlerin mikro
iklimi diizenleyici etkilerini ve karbon emisyonlarini
azaltmaya  yonelik  potansiyellerini  ortaya
koymaktadir. Bu baglamda, goletlerin mikro iklim
tizerindeki diizenleyici etkileri, tarimsal alanlarda
iklim dostu uygulamalarin gelistirilmesi icin giiclii
bir argiiman sunmaktadir. Bu tiir uygulamalar, yari
kurak bélgelerde siirdiiriilebilir tarim pratikleri ve
ekolojik dengeyi destekleyen iklim adaptasyon
stratejilerinin temelini olusturabilir.

Calismamiz ayrica, diger yar1 kurak tilkeler i¢in
de stratejik oneriler sunmaktadir. Bu iilkelerde
tarimsal sulama goletlerinin, kuraklik stresini
azaltmada ve tarimsal strdiirilebilirligi
desteklemede oOnemli bir rol oynayabilecegi
anlasilmistir. Goletlerin, bolgesel cografi ve iklimsel
kosullara uygun sekilde tasarlanarak
yayginlastirilmasi, yerel su kaynaklarinin verimli
kullanimin1 destekleyebilir. Bu uygulama, mikro
iklim destegi saglayarak bolgedeki kuraklk
etkilerinin azaltilmasina katkida bulunacaktir.

Bu ¢alismanin sonuglar, ©6nemli bilgiler
sunmakla birlikte bazi sinirlamalar1 da beraberinde
getirmektedir. Ozellikle bulutlu giinlerde uydu
goriintiilerinde yasanan veri eksiklikleri, bazi
analizlerde zaman siirekliligini  kisitlamistir.
Gelecekteki calismalarda, daha sik veri toplayabilen
uydu platformlarinin  veya bulut ortiistinden
etkilenmeyen radar gorintileme tekniklerinin
kullanilmasi, veri setinin siirekliligini artirarak bu
sinirlamay1 azaltabilir. Ayrica, sulama goletlerinin
olumlu yonlerinin yani sira diger su kaynaklar
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lizerindeki olumsuz etkileri de dikkate alinmaldur.
Bu goletler, dogal su dongiisiine miidahale ederek
bolgedeki akarsu, nehir ve yeralti sularinin dogal
dengesini bozabilir. Bu baglamda, yar1 kurak ve
kurak bolgelerde sulama goéletlerinin potansiyel
cevresel riskleri goz 6ntinde bulundurularak daha
genis kapsamli calismalar yapilmasi gerekmektedir.

Sonug olarak, bu ¢alisma, sulama goéletlerinin
tarimsal siirdiiriilebilirlige ve iklim degisikligi ile
miicadeleye yonelik stratejik bir ¢6ziim olarak
onemini vurgulamaktadir. Bulgular, su yonetimi ve
iklim degisikligi politikalarina katki saglayacak, yar1
kurak bolgeler i¢in uygulanabilir  oOneriler
sunmaktadir. Ancak, sulama goéletlerinin ¢evresel
etkilerini daha kapsaml sekilde ele alan ileri
arastirmalarin yapilmasi, bu yapilarla siirdiiriilebilir
su yonetimi arasinda denge kurmak adina 6nem
tasimaktadir.

5. SONUCLAR

Bu c¢alisma, tarimsal sulama goletlerinin
tarimsal stirdirilebilirlik ve ekosistem sagligi
tizerindeki katkilarini, uzun vadeli uydu goriintiileri
ve meteorolojik veriler 15181nda analiz etmistir. Elde
edilen bulgular, sulama goéletlerinin kurak
donemlerde bitki ortlsiinii koruyarak ekosistem
saghgimm destekleme ve tarimsal verimliligi
artirmada 6nemli bir rol oynadigini gostermektedir.
Ayrica, goletlerin mikro iklim tzerindeki olumlu
etkileri, bolgesel iklim diizenlemelerine katkida
bulunabilecegini ortaya koymaktadir.

Elde edilen bulgulara gore, 1985 yilinda 51 adet
olan sulama goéleti sayisinin 2023 yilinda 1935’e
ciktig1 tespit edilmistir. Bu artis, bolgedeki bitki
ortlisi oraninin yilikselmesine dogrudan katk:
saglamistir. Ozellikle, NDVI degerlerinde
gozlemlenen iyilesme, sulama goéletlerinin toprak
nemini koruma ve tarimsal {riin biiylimesini
destekleme konusundaki etkisini agik¢a ortaya
koymaktadir. Ayrica, bu géletlerin, bdlgenin tarimsal
liretim kapasitesini artirirken kuraklik etkilerini
hafiflettigi belirlenmistir. Kuraklik analizleri, calisma
alaninda 1988-1993 ve 2002-2007 yillar1 arasinda
belirgin kuraklik donemlerinin yasandigini, ancak
2013 yilindan itibaren kurak ve yagish dénemlerin
daha kisa araliklarla degistigini gdstermektedir.
Sulama goletlerinin bu kisa siireli kuraklik
doénemleri boyunca tarimsal iiretimin devamlhiligini
sagladigl gozlemlenmistir. Goletler, sadece su
depolama kapasitesi ile degil, ayni zamanda ¢evresel
direng¢ saglamada da 6nemli bir rol tistlenmistir. Ele
alinan boélgede, kuraklikta olasi artislara bagh olarak
sulama goletlerinin sayisinin arttirilmasi sonucunda

bitki deseninde meydana gelen artis, sulama
goletleri vasitasiyla olas1 kuraklik etkilerinin
azaltilmasinin miimkiin oldugu

degerlendirilmektedir.

Calisma, sulama goletlerinin bitki drtiisiine ve
su kaynaklarinin siirdiiriilebilir yoénetimine katki
sagladigini vurgulamaktadir. Ozellikle kurak iklim
kosullarinda, bu goletlerin stratejik bir su yonetim
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aract olarak kullanilmasi, su kithgr ve iklim
degisikligi ile miicadelede biiyiik bir potansiyel
sunmaktadir. Ancak, sulama goletlerinin
yayginlasmasinin dogal su dongisiinii ve nehirlerin
beslenme siireclerini olumsuz etkilememesi icin
dikkatli bir planlama ve yonetim gereklidir. Ayrica
yar1 kurak ve kurak bolgelerde bu goéletlerin
yayginlastirilmasi, kuraklik stresini azaltarak
tarimsal Uretimin siirdiirilebilirligini saglayabilir.
Goletlerin karbon emisyonlarini azaltma ve topragin
nemini koruma gibi faydalari, iklim degisikligi ile
miicadelede doga temelli ¢dziimler kapsaminda
degerlendirilebilir.

Sonu¢ olarak, tarimsal sulama goletleri, su
kaynaklarinin verimli yonetimini saglama ve iklim
degisikligine karsi diren¢ olusturma potansiyeliyle
o6nemli bir ¢6ziim olarak 6ne ¢ikmaktadir. Ancak, bu
tiir yapilarin dogal su dongiisiine olasi etkilerinin de
dikkatle degerlendirilmesi gerektigi acgiktir. Bu
calisma, tarimsal sulama goletlerinin siirdiiriilebilir
su yonetimi ve iklim degisikligi politikalarina katki
saglayacak sekilde daha genis bir stratejik cercevede
ele alinmasi gerektigini vurgulamaktadir. Gelecekte
yapilacak  arastirmalarin, goletlerin  cevresel
etkilerini daha kapsamli inceleyerek bu yapilarla
ilgili siirdurilebilir politikalarin gelistirilmesine
katki sunmasi 6nerilmektedir.
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Exoplanet Exoplanets are among the most studied and remarkable topics in astronomy. Over the years,
NASA various methods have emerged for exoplanet detection, allowing for the identification of
Machine Learning numerous exoplanet types. In this context, remote sensing and machine learning, which are
XGBoost central to our research, have significantly accelerated the detection process by leveraging
Biosignature algorithms. Our study involved training several machine learning models, including XGBoost,

Random Forest, Multilayer Perceptron, K-Nearest Neighbor, Logistic Regression, and Support
Vector Classifier, to compare their performance in both habitability assessment and exoplanet
detection. The research utilized machine learning models trained on space observation data
obtained from NASA, with the Python programming language serving as the foundation for the
system's infrastructure. Our hypothesis was that "The detection of exoplanets and their
evaluation within the scope of the habitability criterion can be increased to high accuracy rates
with machine learning." Unlike merely detecting exoplanets, this study specifically aimed to
identify Earth-like exoplanets. The XGBoost algorithm emerged as the most successful model
in determining habitability, achieving an accuracy rate of 97.46% and demonstrating high
precision and sensitivity. For exoplanet detection, all models achieved a main test accuracy
rate of 96%; however, when considering sensitivity and precision, XGBoost was again the most
effective. This research, following the synthesis and analysis of these two parameters, achieved
a very high success rate compared to previous studies and made a significant contribution to
the astronomy/astrophysics literature. Additionally, a Graphical User Interface (GUI) was
developed, making the tested models functional through an application. The study successfully
reached its goal of contributing important findings to the field.

EXOLIFE: Makine Ogrenmesi Kullanarak Otegezegenlerin Tespit Edilmesi ve
Yasanabilirlik Tahmini Yapilmasi

Anahtar Kelimeler: 0z

Otegezegen Otegezegenler, giiniimiizde astronomi alaninda en ¢ok calisilan konular arasinda yer
NASA almaktadir. Farkli tiirlerde olusan 6tegezegenlerin tespiti i¢in ¢esitli yontemler gelistirilmis ve
Makine Ogrenmesi bu sayede saptama miimkiin hale gelmistir. Bu arastirmada, 6tegezegen tespiti icin kullanilan
XGBoost uzaktan algilama ve makine 68renmesi yontemleri, algoritmalarla siireci hizlandirmaktadir.
Biyoimza Projede, XGBoost, Rastgele Orman, Cok Katmanlhi Algilayici, K-En Yakin Komsu, Lojistik

Regresyon ve Destek Vektor Siniflandiricisi modelleri egitilmis ve hem yasanilabilirlik hem de
Otegezegen tespiti i¢in karsilastirmalar yapilmistir. NASA verileriyle egitilen bu makine
dgrenmesi sistemi, Python yazilim diliyle olusturulmustur. Calisma, “Otegezegenlerin tespiti
ve yasanilabilirlik 6l¢iiti kapsaminda degerlendirilmesi makine 0grenmesi ile yliksek
dogruluk oranlarina cikarilabilir.” hipotezine dayanarak Diinya benzeri otegezegenleri
bulmay1 hedeflemistir. Sonuclarda, yasanilabilirlik saptamasinda %97.46 dogruluk orani ile
XGBoost algoritmasi en basarili model olarak éne ¢ikmistir. Gezegen tespitinde de %96'lik
dogruluk oraniyla XGBoost, en basarili model olmustur. Arastirma, yiiksek basari oraniyla
astronomi/astrofizik literatiiriine 6nemli katkilar saglamistir. Ayrica, ¢alismanin sonucunda
bir Grafiksel Kullanici Araytzii (GUI) olusturulmus ve test edilen modeller islevsel hale

getirilmistir.
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1. INTRODUCTION

Exoplanets are planets that orbit stars outside
the solar system. In recent years, scientists have
carried out various studies on planets beyond the
solar system and have planned long-term studies
under this title (Patel, 2021). The idea of finding new
habitable planets has been a topic of concern for
researchers over the years, but as of today,
exoplanets have made this issue a central issue
again. It is predicted that exoplanets, which are also
of great interest to the society, will become the
center point of astronomy research in the coming
years (Xin, 2022). When classifying exoplanets,
scientists have divided them into four main
categories based on their size: Terrestrial Planets,
Super-Earths, Neptune-Like Planets, and Gas Giants
(NASA, 2022). Terrestrial planets are rocky planets
with Earth-like masses and iron-rich cores. Super-
Earths, as the name suggests, are planets that are
much larger than Earth but smaller than Uranus or
Neptune. Neptune-like planets often have
atmospheres with density H 2 /He similar to those of
Neptune (Helled, 2020). Finally, gas giants are
gaseous planets with a size similar to or much larger
than Saturn or Jupiter.

Various techniques have been developed for the
detection of exoplanets and different areas such as
remote sensing have become available through
advancing technology. In this context, the four main
known techniques are; the transition method is the
radial velocity method, microlensing, and direct
imaging (Dai, 2021). The transition method is
currently the most useful technique. When a planet
passes in front of a star, some of the starlight that is
emitted bounces off that planet's atmosphere and
reaches the earth. Through the transit method, as
shown in Figure 1, the use of radiated light and
gravitational force helps provide information about
the planet's atmospheric chemical compositions and
habitability. In the radial velocity method, velocity
changes are used as determined by the changing
direction of the gravitational force that any
exoplanet receives from an outer planet as it rotates
on the axis of another star (Huang, 2017). The
microlensing method is a technique in which
reproducible measurements cannot be made due to
the fact that the measured event occurs very rarely,
and therefore it is not used much. Finally, the direct
imaging technique is a method that can detect
exoplanets with an inclination of 90 degrees in their
entirety, but this rarely happens due to the
combination of the planet's small size and proximity
to its star (Dai, 2021). Of the 5523 exoplanets
confirmed by NASA so far, 1895 are marked as
Neptune-like, 1748 as Gas Giants, 1674 as Super-
Earths, 199 as Terrestrial, and the remaining 7 as
unknown. Of the detected planets, 74.6% were
determined using the transit method, 19.3% using
the radial velocity method, 3.7% using the
microlensing method, and the remaining 1.3% using
the direct imaging method. (Brennan, 2020)
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Figure 1. Transit Method

A biosignature is defined as a characteristic that
provides scientific evidence for the existence of life
and can be detected by remote sensing. These
signatures are; gases in the atmosphere have several
variations, such as chemical compounds and physical
properties (Schwieterman, 2018). The habitable
zone, on the other hand, is characterized when the
conditions around a star can create a suitable
environment for the existence of water. Since water
is a critical component for life, determining the
habitable zone is extremely important for assessing
potential habitability (Ramirez, 2018). In this
context, biological signature is processed under
three basic subheadings. Among the biosignatures,
gases in the atmosphere play a very important role.
The presence of certain gases in the atmosphere,
such as oxygen, methane, can be considered a
biosignature when it is not in balance with the
geology and chemistry of the planet. Among the
gases in the Earth's atmosphere, there are gases such
as N2, Ar, CO2, H20, which are associated with living
life and are directly related to biological activity
(Yung, 2015). "Bioindicators" refer to the fact that
atmospheric signatures can be produced by life or
non-biotic processes. For example, although water
(H20) is not a bioindicator, it is an important raw
material and greenhouse gas for life. Other potential
bioindicators include gases such as soz, H2S. These
gases can be considered biosignatures when they are
produced by volcanic activity or when they are
present in the atmosphere under certain conditions
(Meadows, 2018). The presence of plants and plant
pigments on the planet's surface can be detected by
a spectrum feature called the "Red Edge". This trait
is unique to vegetation and indicates the presence of
organisms that carry out photosynthesis (Seager,
2005). These observations were made with the aim
of investigating potential biosignatures by remotely
detecting the atmospheres and surfaces of Earth-like
planets. The NASA Astrobiology Program has led
efforts to search for biosignatures of exoplanet
atmospheres. These studies were carried out by
studying spectral models of the planet's surface and
testing the concentration of biogenic gases (NASA,
2022).
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Humanity's exoplanet exploration process has
been going on for more than 30 years and is
considered one of the most interesting branches of
space exploration. At the very beginning of the
process, in April 1984, the 2.5-metre du Pont
telescope in Chile produced the original discovery
image of the disc of dust and gas around the star Beta
Pictoris (Hale, 2020). Following ongoing studies, the
first exoplanets were discovered in January 1992,
but they were unable to support organic life because
they were bombarded with radiation from dead
neutron stars in their orbits. In 1995, the first
exoplanet orbiting a star similar to the Sun was
discovered using the radial velocity technique.
Subsequently, the use of technology became active;
On April 4, 2001, the first planet in the "habitable
zone" was found. Then, in October 2001, the first
measurement of the atmosphere of a planet outside
the solar system was made, and the first data were
entered into the scientific world. As a result of
subsequent studies, in 2005, the first detection of
light from a planet outside the Solar System was
made using the Spitzer Space Telescope. This event
showed that Spitzer, designed to observe objects in
the infrared spectrum, is a revolutionary tool in the
characterization of exoplanets, and was an
innovation that excited researchers (NASA, 2022).
Then, in May 2007, the Spitzer Space Telescope was
used to create the first map of an exoplanet's surface.
In 2016, the Small Telescope for Transiting Planets
and Planetesimals in Chile announced that it had
found an exoplanet system containing at least seven
planets. NASA's Kepler and K2 studies have
discovered almost more than 2,600 new exoplanets
using the transit method (Betz, 2023). Kepler played
a crucial role in the discovery of these planets, many
of which could be suitable places for life from outside
our solar system. The James Webb Space Telescope,
which is known as the most up-to-date and equipped
telescope today and over which the most
comprehensive studies have been carried out, has
the ability to characterize the atmospheres of Earth-
sized exoplanets as a large infrared telescope. One of
the most important instruments that provide the

telescope's qualities is the 'Large Binocular
Telescope Interferometer’, a NASA-funded
instrument used to make high-resolution

measurements and measure the absorption of dust
orbiting stars (Brennan, 2021).

The discovery and characterization of
extraterrestrial planets requires precise
instrumentation and complex statistical methods.
This process involves detecting weak planetary
signals and modeling orbital and atmospheric
features in detail. But the difficulties of sampling
make it even more difficult to understand the
characteristics of planetary populations derived
from misleading or incomplete samples. The
habitable zone does not only describe a certain
distance at which a planet like Earth can be
habitable, and it does not refer to the only location
where habitable planets can exist. For example, the
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moons of giant planets in our own solar system can
host habitable environments. However, while
assessing the habitability of such regions in our own
solar system is a difficult task, it is almost impossible
to assess the habitability of similar environments in
other star systems, and biosignatures in these
specific regions may lose their perceptibility.
However, with the advancement of technology, the
detection of exoplanets by remote sensing systems
has become a very popular method. Various studies
conducted in this context have contributed to the
literature in different fields. For example, in a study,
he developed a new variational autoencoder
algorithm to detect anomalies in exoplanet
properties (Patel, 2023). This algorithm aimed to
identify possible habitable exoplanets based on a
broad set of features using unsupervised learning
techniques. In another study, the proposed
ASTRONET was carried out to analyze large and
complex astronomical datasets using the deep
learning architecture (Jagtap, 2021). Ishaani
Priyadarshini and his team detect exoplanets by
evaluating light intensity data using artificial
intelligence and machine learning algorithms
(Priyadarshini, 2021). Another study has developed
an automated classification system to distinguish
exoplanet transit signals using deep learning
techniques (Mathur, 2020). Using data from the
Kepler space telescope, Rajeev Mishra has developed
a machine learning model that can classify
exoplanets based on planet and star characteristics
(Mishra, 2017). These studies show that machine
learning and deep learning can provide great
advantages when used in studies of the habitability
of exoplanets. These techniques make it possible to
process large and complex data sets produced by
space telescopes and analyze properties associated
with many planets and stars at the same time. These
models help categorize planets as habitable or
uninhabitable by detecting complex patterns and
relationships. This supports the use of machine
learning and deep learning as important tools for the
search for habitability on exoplanets and increases
our knowledge of potentially habitable worlds
beyond our solar system.

2. METHOD

Within the scope of this research, research was
first conducted using different machine learning
models for the classification of habitable exoplanets.
In addition, by analyzing the performance of each
model, a comparative study was created on their
efficiency (Kong et al., 2017). Although the study
highlights both machine learning and deep learning
as powerful tools, only machine learning techniques
were applied in this research. Deep learning models
were not employed, focusing instead on efficient,
interpretable machine learning methods. The
process followed in the research is shown in Figure
2. Accordingly, the system is divided into (1)
database, (2) data preprocessing, (3) training
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models, and (4) accuracy evaluation. Second,
exoplanet detection was performed using different
machine learning algorithms, as shown in Figure 3.
The main programming language used in the
research is Python. In addition, Pandas, Matplotlib,
Scikit-Learn libraries were used.

Figure 2. EXOLIFE exoplanet habitability model
workflow diagram
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Figure 3. EXOLIFE exoplanet detection model
workflow diagram.

2.1. The Data Collection

At the beginning of the research, data collection
was carried out from different archives. In this
context, data were collected from the NASA
Exoplanet Archive, Kepler Mission Data and TESS
(Transiting Exoplanet Survey Satellite) archives.
While the NASA archive provides a wide range of
data, the Kepler Mission and TESS data are
particularly focused on observing transits (NASA,
2022). The dataset includes variables such as
planetary mass, radius, distance from the host star,
and atmospheric composition indicators where
available. These data points are instrumental in
detecting exoplanets and evaluating their potential
habitability. Specific features—such as planetary
mass and radius—aid in categorizing planets by
type, while the orbital distance and stellar
luminosity of host stars are critical for determining
habitability zones.

2.2. Data Pre-Processing

It is very important to pre-process the data
before introducing it to the models used. This
process results in high-quality data or precise
information, which has a direct impact on the
model's ability to learn. Data pre-processing
involved multiple stages to ensure high-quality
inputs for model training. Initially, missing data
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points were managed using imputation. Outliers
were identified and handled. Normalization was
applied to rescale features to a 0-1 range,
standardizing inputs across different measurement
scales. Figure 4 shows the first version of the data
set.

4569

Figure 4. Raw data set
2.2.1. SMOTE

SMOTE is an acronym for 'Synthetic Minority
Oversampling'. It is a method used to address data
imbalances. This method is used to minimize
dependency on majority-class values. As visualized
in Figure 5, the data became more stable after this
stage.
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Figure 5. Post-SMOTE phase dataset

2.2.2. Normalization

The input dataset contains many features with
different ranges, and normalization is helpful in
bringing them to a similar scale. Values in the range
[0, 1] are rescaled.

2.2.3. Feature selection

Feature selection is the process of identifying
the most important and meaningful features in a data
set (Mishra, 2017). This process ensures that the
most appropriate features are selected for data
analysis or machine learning models. The goal of
feature selection is to improve model performance,
reduce unnecessary or excess information, and
prevent overfitting. In Figure 6, the mass-
temperature relationship is visualized.
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Mass (Stellar Mass)

Figure 6. Temperature-mass relationship and
habitability

2.2.4. Data clustering

Data clustering is a critical step that is often
used in machine learning or data analysis processes.
This step is done by dividing the dataset into three
main sections: training, validation, and testing sets.
The training set is used in the learning process of the
model, while the validation set is used to evaluate the
performance of the model and set hyperparameters.
Finally, the test set is used to assess how well the
model adapts to real-world data. By ensuring that
the model is trained correctly and adapts to real data,
data clustering helps us better understand the
predictive ability of the model.

2.3. Models

2.3.1. Data exoplanet habitability prediction
models

In this study, XGBoost, KNN, RF and LGR
algorithms were used to predict the habitability of
exoplanets (Jara-Maldonado et al., 2020).

XGBoost: It is a decision tree-based algorithm.
This algorithm, which is based on the scikit-learn
library, divides the data set into layers and makes
optimal predictions. Based on the Gradient Boosting
model, it minimizes errors and optimizes results.

K-Nearest Neighbor (KNN): It is a simple
supervised learning algorithm. It makes predictions
by placing nearby data points in the same class.
Methods of calculating distances, such as Euclid or
Minkowski, and optimization of the number of
neighborhoods are important.

Random Forest (RF): It can be used for
classification and regression purposes by combining
various decision trees. For each data set, specific
data is pulled and parameters are determined to
improve the accuracy of the model.

Logistic Regression (LGR): It is an easy-to-apply
classification method. With the Maximum Likelihood
technique, a line is drawn separating the two classes,
and this provides high accuracy rates overall.
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2.3.2. Exoplanet detection models

In this research, the process of choosing among
various classification models and the stages of
training are detailed to predict the states of
candidate planets and false positives. Model
selection is based on the specific characteristics of
each algorithm and the specific requirements of this
study.

The Random Forest (RF) model represents an
effective batch learning approach in capturing
complex data relationships. This model has the
potential to perform superiorly, especially when
working with imbalanced datasets.

Support Vector Classification (SVC), on the
other hand, offers a powerful alternative, especially
for nonlinear classification tasks. SVC improves
generalization by maximizing classification limits,
which increases the stability and accuracy of the
model.

Multilayer Perceptron (MLP) can effectively
model nonlinear relationships using a deep learning
structure. This multi-layered artificial neural
network stands out for its ability to process complex
data structures.

Finally, the XGBoost model both improves
performance and has the capacity to deal with
imbalanced datasets by using the gradient boosting
technique.

By combining these models, it is aimed to
increase the accuracy and reliability of predicting
candidate planet states. This approach is intended to
make significant contributions to the fields of
astronomy and astrophysics.

2.4. Accuracy Assessment

The skicit-learn library used has allowed the
work to be facilitated through various modules. The
main modules and functions in the coding section are
as follows:

e cross_val_score and KFold are both cross-
validation methods.

e Metrics such as accuracy_score,
balanced_accuracy_score, precision_score,
recall_score, f1_score, and fbeta_score are used to
measure the performance of Cclassification
models.

e make_scorer is used to create a custom score
function.

e precision_recall_fscore_support function returns
the classification report.

e The roc_curve, auc, and roc_auc_score functions
are used for ROC curve analysis.

e The confusion_matrix function is used to evaluate
the performance of a classification model.

These functions are taken as a basis when
evaluating accuracy. While determining the extent to
which the created software failed, the modules given
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above were used and the result evaluation was
carried out as a result of the results obtained from
these modules.

In order to create a detailed confusion matrix, it
is vital to apply 3 accuracy evaluation methods:
sensitivity, precision and F-score. To begin with,
sensitivity (D) was calculated by dividing the
number of true positives within a class prediction by
the total number of actual class instances, as shown
in Eq. 1.

TP
TP+FN

Sensitivity = (1

Precision (K), on the other hand, is applied by
dividing the actual number of positive pixels by the
total estimated number of pixels of a class, as seen in
Eq. 2.

TP
TP+FP

Precision = (2)

The F measure (F1), which is used to evaluate
Sensitivity and Precision in the same criterion, is
used to provide the harmonic mean of them as given
in Eq. 3. True Positive (DP) and False Negative (YN)
variables used in sensitivity and precision
calculations are values in the confusion metric that
allow data sets to be tested for accuracy in different
ways and show the accuracy of the classification
made.

_ 2X(DXK)
Fl==0r0 (3)
2.5. GUI

The Graphical User Interface (GUI) developed
within the scope of this research serves as an
accessible platform that enables interaction with the
machine learning model that performs the
prediction of extraplanetary habitability. Built using
Python's Tkinter library, the GUI provides an
interface that includes input fields for off-planet
parameters, a prediction trigger button, and an
output screen that provides the model's habitability
predictions. In the appendices section, there are
interface images of the EXOLIFE application.

The GUI allows users to input planetary
parameters and receive habitability predictions. This
user-friendly interface is designed to make machine
learning accessible for researchers and astronomers
interested in real-time habitability assessments.

3. RESULTS & FINDINGS
3.1. Evaluation of the EXOLIFE Habitability

Classification Model

So, the study results indicate a high overall
accuracy of 97.46% for XGBoost in classifying
exoplanets with potential habitability. Factors such
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Table 1 shows the performance evaluation of
the EXOLIFE habitability classification model using
different machine learning algorithms. This
evaluation includes various metrics that are used to
understand the performance of the model. The
XGBoost algorithm has the highest training accuracy
rate. The model is able to learn the data with 99.32%
accuracy during the training phase. At the same time,
it has an accuracy rate of 97.46% during the testing
phase. The sensitivity metric measures how accurate
the model's positive predictions are, and the
XGBoost model achieved a good result in this regard
at 0.62%. In addition, metrics such as recall and F1
score are also high, indicating that the model
provides a good balance of both true positive
predictions and false positive predictions. Figure 7
shows the confusion matrix of the XGBoost model.
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Figure 7. XGBoost confusion matrix

Looking at the results in Table 1, the KNN (K-
Nearest Neighbor) algorithm also has high training
and test accuracy rates (98.15% and 95.36%).
However, the sensitivity and F1 score are lower,
indicating that the model can make false positive
predictions in some cases and has the potential to
make improvements to the correct positive
predictions.

The logistic regression model has lower training
and test accuracy rates than the other two models
(82.60% and 81.63%). The sensitivity and certainty
values are moderate, indicating that there is
potential to increase the model's accurate positive
estimates.

The Random Forest algorithm achieved an
excellent result in the training accuracy rate
(100.00%) and the test accuracy rate is also high
(98.34%) as given in Table 1. The sensitivity and
precision values show a more balanced performance
than other models, indicating that the model
provides a good balance of true positive predictions
and false positive predictions.
as planetary size, mass, and orbital distance were
critical in habitability estimation, supporting
XGBoost’s strength in handling diverse feature sets.
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This high accuracy and sensitivity (0.90) suggest a
significant correlation between these parameters

Table 1. Training and test results of habitability models

and the habitability criteria established, confirming
the efficacy of machine learning in exoplanet studies.

Model Training Accuracy Test Accuracy Precision Susceptibility F1

XGBoost 99.32 97.46 0.62 0.90 0.69
KNN 98.15 95.36 0.57 0.84 0.49
Logistic Regression 82.60 81.63 0.52 0.82 0.49
Random Forest 100.00 98.34 0.62 0.68 0.64

3.2. Training Cross-Validation and Planet
Detection Classification Model

The present study analyzes the performance of
various classification models based on the results of
instructional cross-validation. This analysis focuses
specifically on the evaluation of Random Forest,
XGBoost, Multilayer Perceptron (MLP), and Support
Vector Classifier (SVC) models. These models were

examined, especially in terms of 'sensitivity',
'precision’, F1 score, and general accuracy
parameters.

Random Forest (RF): This model demonstrated
high sensitivity, recall, and an F1 score for both
classes, achieving an overall accuracy of 96%,
revealing that it had the capacity to effectively
distinguish between "CANDIDATE" and "FALSE
POSITIVE" samples.

XGBoost: In line with the Random Forest model,
the XGBoost model also demonstrated consistent
high sensitivity, precision, and an F1 score for both
classes, demonstrating a strong performance with an
accuracy rate of 96%.

Multilayer Sensor (MLP): This model was noted
for its high sensitivity, precision, and F1 score for
both classes, and was among the top-of-the-line
models with an accuracy rate of 96%.

Support Vector Classifier (SVC): The SVC model
achieved 96% accuracy, exhibiting high sensitivity,
precision, and an F1 score for both classes.

As a result, the Random Forest, XGBoost, and
Multilayer Detector models were identified as the
best performing models with high sensitivity,
precision, F1 score, and overall accuracy values, as
shown in Figure 8. These findings suggest that these
models are reliable options for classification tasks.
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Figure 8. Training learning outcomes of detection
models

3.3. Test Verification

This research on machine learning models
evaluated the performance of the models, especially
in the detection of candidate exoplanets. In the
evaluation of the models, an analysis was made
primarily on the sensitivity metric based on the
research question. In this analysis, the XGBoost
model, as shown in Table 2, stands out with a
remarkable performance of 96.13%. This model
showed a 96.50% sensitivity rate in detecting
candidate exoplanets and a 95.64% success rate in
identifying false positives, demonstrating its high
competence in identifying true positive outcomes. In
addition, with a precision of 96.62% and an accuracy
of 95.48%, the XGBoost model has also shown an
effective performance in minimizing false positive
results. On the other hand, the Random Forest (RF)
and Support Vector Classifier (SVC) models also
achieved strong results, with high overall accuracy
scores of 96.20% and 95.83%. These models have
also shown impressive performance in accurately

identifying true positives and reducing false
positives.
Table 2. Exoplanet detection model results
Model Test Accuracy Susceptibility Precision
Random Forest 0.962 [0.9559 [0.9761
0.9698] 0.9445]
MLP 0.955 [0.9507 [0.9695
0.9614] 0.9379]
SvC 0.958 [0.9520 [0.9734
0.9664] 0.9397]
XGBoost 0.959 [0.9649 [0.9624
0.9514] 0.9546]
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In this context, based on the habitability
criterion, the most successful study obtained after all
data sets were trained and tested separately for each
algorithm belonged to the XGBoost algorithm. The
main test accuracy rate of 97.46% is seen as
extremely high when studies on exoplanets are
evaluated. In addition, the training accuracy rate of
99.32% obtained in the XGBoost algorithm appears
to be a difficult rate to achieve. On the other hand, the
XGBoost algorithm was well ahead of other
algorithms in values such as sensitivity and F1 score,
but it showed a result equivalent to the second most
successful algorithm, Random Forest (RF), in terms
of precision. RF, on the other hand, achieved 100%
success by achieving an excellent rate in training
accuracy, well above other compared algorithms. RF
also stood out as the most successful algorithm in
test accuracy rate with 98.34%. However, although
the failure of the sensitivity score adversely affected
the success of the RF algorithm, it remained constant
atan average level in values such as precision and F1
score. On the other hand, KNN and Logistic
Regression (LGR) algorithms were successful in a
lower class than the other two algorithms. Although
KNN did not perform poorly in the training set and
main test accuracy rates, its failure in other metrics
drew an incomplete image in the general scope. LGR,
the most unsuccessful algorithm, was found to be
around 80% in accuracy rates and was far away from
the other three algorithms.

Table 3. Comparison of results with literature

When the studies of S. Matheur et al. were
evaluated, the Random Forest model reached 90%,
the SVM model 88% and the KNN model 75%. This
2021 study 92 is seen as one of the leading current
planetary detection studies. However, the accuracy
rates obtained were well below the accuracy rate
realized by us, and were even found to be in the same
plane as the LGR model, which was described as the
most unsuccessful. Therefore, the success shown in
the study is seen at an advanced level considering the
overseas studies and it seems that the research has
successfully passed the livability determination
accuracy rate test.

In another training, exoplanet detection was
taken as a basis and the spectra of false positives and
true positives were evaluated. In this context, the
algorithms included in the study were RF, XGBoost,
Multilayer Sensor and Support Vector Classifier.
Although each of these has achieved an accuracy
success rate of 96%, differences can be observed
when examined in detail. The most successful
algorithm at the overall level is the XGBoost
algorithm. The XGBoost model seems to be quite
successful with sensitivity and precision values of
0.95. The Random Forest algorithm, on the other
hand, showed positive data with a sensitivity of
0.969 and a precision of 0.944. Although the SVC and
MLP models do not seem to be low in general scope,
they are below the other two algorithms, with a
sensitivity of 0.96 and a precision of 0.93.

Year and Author Research Method /Parameters Results

Mislis et al. (2018) Traversal of exoplanet light Machine Learning Data Rejection Detection Efficiency ~ 80%
curves Algorithm

Zucker & Giryes Detecting periodic transits of Deep Learning Sensitivity = 0.94

(2018) exoplanets

Amin etal. (2018) Detecting Exoplanet Systems Adaptive Neuro-Fuzzy Systems Accuracy~81%

Zingales & Reclaiming the Extraplanetary Deep Convolutional Generative 300x speed increase over

Waldmann (2018) Atmosphere Adversarial Networks traditional buybacks

Ansdell etal. (2018)  Improvised Exoplanet Transit Deep Learning 2.0%-2.5% increase in
Classification model accuracy and average

accuracy

Chintarungruangcha Detecting exoplanet transits Machine Learning and CNN Accuracy ~98%

i & Jiang (2019)

Jara-Maldonado etal. Research  on  Transiting Machine Learning Highest Accuracy achieved

(2020) Exoplanet Discovery by Random Forests: 97.82

Sara Cuellar et al.
(2022)

Exoplanet Detection with a
Combination of Real and
Synthetic Data

Deep Learning

Accuracy: 0.95

Exoplanet detection studies are followed closely
at home and abroad and the number of researches is
increasing. As can be seen in Table 3, the main
studies that serve as examples for the general
determination are in the 80% band, and the
maximum rate is 98%, which is almost equivalent to
the rate reached in this research. This clearly shows
that the research is at a level that can compete with
and even surpass the studies in the professional field
and proves how comprehensive the research is.
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Our research demonstrates an innovative
approach that integrates machine learning
approaches with traditional methods wused in
exoplanet data analysis. This is especially important
in the context of processing and analyzing large data
sets. The use of machine learning models speeds up
the data analysis process and provides more
accurate results. This allows for rapid and efficient
progress in exoplanet research. In addition, the study
shows the limitations of the methods used in
exoplanet research and how machine learning
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models can be applied to overcome these limitations.
Analyses of the models' performance have
demonstrated the potential of machine learning to
overcome the challenges of exoplanet exploration. In
particular, the use of these models to assess the
habitability potential of exoplanets opens up new
avenues for future research. Our research also takes
an interdisciplinary approach to exoplanet science,
offering a new perspective at the intersection of
astrobiology, astronomy and computer science.
Taking into account the complexity and
multidisciplinary nature of exoplanet research, in
particular, it contributes to the unification of
knowledge and techniques in these areas. Transiting
Exoplanet Survey Satellite (TESS) data were used in
the data set of the study. TESS is a NASA-launched
space mission that aims to scan most of the sky to
detect thousands of new exoplanet candidates. The
use of this data in our research significantly
increases the innovative and up-to-date nature of the
study.

The fact that the models used have many
limitations has made it difficult to train the data sets
throughout the process. Although the advantages of
the models are more prominent when evaluated in
general, some difficulties have prolonged the
research process. XGBoost, for example, is a model
that stands out for its high performance and fast
training times, but it can be susceptible to a tendency
to overfit. The Random Forest, on the other hand, is
notable for its resistance to overlearning and feature
importance, but it may require long training periods
inlarge data sets. Logistic Regression can be effective
in linear classification problems, but it can struggle
to capture nonlinear relationships. KNN captures the
local structure well and provides a clear model, but
the cost of computation can increase with large data
sets. SVC is useful in nonlinear classification
problems, but large data sets may require long
training times and correct parameter selection. MLP
can learn complex relationships as a deep learning
model, but it can be susceptible to overfitting, and
hyperparameter tuning is important. Outliers and
missing data should be managed in data collection
and pre-processing processes. Model selection
should be made depending on the characteristics of
the data set, and methods such as cross-validation
should be used in the accuracy evaluation process.

Apart from these, since exoplanets are a very
current subject, it is very difficult to find a data set
and reach the desired results. However, this can help
to obtain more accurate results by increasing the
data. Although the increase is possible with the
addition of chemical data, the low number of
scientists working on this subject today can be seen
as a challenge. However, in this way, the quality of
model training can be increased by using more data
and accuracy rates can be kept constant in a
successful plane.

The results of our study are important both
scientifically and practically. Understanding the
effectiveness of machine learning models in
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exoplanet classification and habitability assessment
opens up new horizons in astrophysics and
astrobiology. While the comprehensive analysis of
the models contributes to the development of the
methods used in exoplanet research, the applications
of these models, especially on large data sets, allow
data analysis processes to be accelerated and more
accurate results to be obtained. Using data from
innovative observational tools such as TESS provides
an excellent opportunity to test the effectiveness and
applicability of these models on real-world data.

4. CONCLUSION

This study investigates the use of various
machine learning models to enhance the accuracy of
exoplanet classification and predict habitability
probabilities. The research compares the
performance of different algorithms, including
XGBoost, Logistic Regression, Random Forest,
Multilayer Perceptron (MLP), and K-Nearest
Neighbor (KNN), in the context of exoplanet
classification. The models were evaluated on a
variety of metrics such as training and test accuracy,
sentiment, and F1 scores. This comparative analysis
is crucial for understanding the potential and
limitations of machine learning models in exoplanet
research. Our research aims to contribute to the
development of machine learning applications in
exoplanet science, providing a solid foundation for
further work in this area.

Evaluation of the findings obtained on the basis
of different algorithms is very important in order to
reach the most accurate and comprehensive result.
Four different algorithms used in line with the
method carried out drew separate conclusions from
each other and facilitated concrete determinations in
evaluating the processing of the data set specific to
exoplanets.

In practical terms, this research helps to speed
up and increase the efficiency of exoplanet
exploration and assessment. In particular, the rapid
and effective detection of habitable exoplanet
candidates is critical for future space exploration and
potentially humanity's efforts to colonize space. The
findings of the research could provide important
decision-making tools on issues such as space
mission planning and prioritization of exoplanet
observations. Furthermore, this interplay between
machine learning and astrophysics could inspire
innovative research in both fields and shape the
direction of future scientific discoveries. The study
can be considered as an important step in shaping
the future of exoplanet science.

4.1 Recommendations

We suggest several ways to enhance the use of
machine learning in discovering exoplanets. Firstly,
employing a variety of machine learning algorithms
can lead to more accurate and thorough
classifications of exoplanets and assessments of their
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habitability. While our study focused on models like
XGBoost, Random Forest, Multilayer Perceptron
(MLP), and K-Nearest Neighbor (KNN), we believe
that more advanced techniques, such as deep
learning, could offer additional benefits. Specifically,
convolutional neural networks and recurrent neural
networks could be particularly effective in analyzing
visual and time-series data. These algorithms are
likely to be key in better understanding and
managing the complex and varied data associated
with exoplanets.

Second, the inclusion of data from next-
generation space telescopes such as the James Webb
Space Telescope (JWST) will broaden the scope of
the research and provide more detailed information.
The high-resolution spectroscopic data provided by
the JWST will allow for more detailed analysis of
exoplanet atmospheres and offer new perspectives
on habitability assessments. This data could allow
machine learning models to make more precise and
accurate predictions, helping usher in a new era of
exoplanet research.

A third proposal is to estimate the chemical data
on the atmospheric and surface compositions of
exoplanets. Machine learning models can play a vital
role in Thabitability analyses by analyzing
spectroscopic data to predict the presence and
concentrations of components in exoplanet
atmospheres. This approach will contribute to a
faster and more accurate detection of potentially
habitable exoplanets. It is also possible for these
models to simulate atmospheric and surface
conditions to determine whether the conditions
necessary for life exist.

Finally, considering that limited data sources on
exoplanets pose a challenge, it is recommended to
use data augmentation techniques. In addition to
real data sets, synthetic data generation or
diversification of existing data sets will allow
machine learning models to be trained and tested on
larger and more diverse data sets. This approach
could provide significant benefits, especially in the
classification and analysis of rare or little-known
exoplanet species.

The implementation of these recommendations
will maximize the potential of machine learning
applications in exoplanet research and contribute to
significant advances in this field. These
developments will make valuable contributions to
both the scientific community and humanity's effort
to understand space.
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ABSTRACT

Spectral Indices are frequently used in the estimation of green parts of plants, usually
developed to reduce the spectral effects of external factors such as atmosphere and soil. The
aim of this study was to evaluate the ability of different spectral indices to estimate chlorophyll
in wheat according to phenological developmental stages and to calculate their optimal band
combinations. In this study, chlorophyll-pigment related indices primarily used in chlorophyll
estimation, as well as structural and red edge indices were used. Spectral reflectance values
obtained for different phenological periods were correlated with SPAD (Minolta-502) values
and Partial Least Square (PLS) model was used to calculate the prominent hyperspectral
indices and their optimal band combinations. In this study, the responses and sensitivities of
different spectral indices for chlorophyll estimation against LAI change in phenological
periods were investigated. As a result, the indices that were least and most affected by
saturation changes were revealed. Thus, the power of the indices to predict the chlorophyll
content of the canopy was demonstrated. In chlorophyll estimation, NDVI (705,750) was the
least affected by the saturation change due to the increasing LAl value in the early period and
showed a high correlation (LAI= 2.63, R?= 0.554). This was followed by Red Edge (740-720), (LAI=
2.63,1.722), NDVI (s50,780), (LAI= 2.63,0.733), SRPI (430,680) (LAI= 2.63,0.661), LCCI (705,750) (LAI=
2.63,0.554), and NPCI (430,680) (LAI= 2.63, 0.203). These indices, which showed high correlation
in the early period, were in the range of R2=0.836-0.761. In Haymana in the late period
between 2013-2014 (26 May,04-12-24 June 2014) LAI values vary between 0.63-3.38 and
correlation values are between R2 =0.892-0.862. MSR (705,750) was the least affected by the
saturation change due to the increasing LAI value in the late period and showed high
correlation (LAI=1.904, 0.906). This was followed by NDVIe7o (LAI=1.904,0.703), NDVIsso
(LAI=1.904,0.651) and LCCI (LAI=1.904,0.448).

Bugdayda Yaprak Alam1 indekslerine (LAI) Dayah Klorofil Tahmini icin Cok Banth
(Hiperspektral) Verilerin Kullanimi

Anahtar Kelimeler:
Bugday

Cok bantl veri

indeks

Klorofil tahmini

Yaprak alan indeksi (LAI)

0z

Spektral indeksler bitkide yesil kismin tahmin edilmesinde sik¢a kullanilmaktadir. Bunlar
genellikle atmosfer ve toprak gibi harici faktorlerin spektral etkilerini azaltmak igin
gelistirilmistir. Bu calismanin amaci bugday’da fenolojik gelisim evrelerine gore farkl spektral
indekslerin klorofil tahmin edebilme yetenegini ortaya koymak ve bu indekslerin optimal
band kombinasyonlarini hesaplamaktir. Calismada o©ncelikli olarak Kklorofil tahmininde
kullanilan klorofl-pigment iligkili indeksler ve bunun yanisira striiktiirel ve kirmizi kenar (Red
Edge) indeksler kullanilmistir. Farkli fenolojik donemler i¢in elde edilen spektral yansima
degerleri SPAD (Minolta-502) degerleri ile korelasyona tabi tutulmus, 6ne ¢ikan hiperspektral
indeksleri ve onlarin optimal band kombinasyonlarini hesaplamak i¢in ise “En Kii¢giikk Kismi
Kareler toplamm” (PLS) modeli kullanilmistir. Bu calismada, farkli Spektral Indekslerin klorofil
tahmininde fenolojik donemlerdeki LAI degisimine karsin, tepkileri ve hassasiyetleri
incelenmistir. Sonucta saturasyon degisiminden en az ve fazla etkilenen indeksler ortaya
cikartilmistir. Boylece indekslerin kanopinin klorofil kapsamini tahmin etme giici ortaya
konmustur. Klorofil tahmininde erken dénemde artan LAI degerine bagl olarak, saturasyon
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degisiminden en az etkilenen ve yiiksek korelasyon gosteren indeks NDVI (705,750 ‘dir (LAI=
2.63, R?= 0.554). Bunu sirasiyla Red Edge (740-720), (LAI= 2.63,1.722), NDVI (s50,780), (LAI=
2.63,0.733), SRPI (30,680) (LAI= 2.63,0.661), LCCI (705,750 (LAI= 2.63, 0.554) ve NPCI (430,680)
(LAI= 2.63, 0.203) takip etmistir. Erken dénemde yiiksek korelasyon gosteren bu indeksler
R2=0.836-0.761 korelasyon aralifinda yer almistir. Haymana 2013-2014 yillar1 arasinda geg
doénemde (26 Mayis,04-12-24 Haziran 2014) LAI degerleri 0.63-3.38 arasinda degismekte
korelasyon degerleri ise R2 =0.892-0.862 arasinda yer almaktadir. Ge¢ dénemde artan LAI
degerine baglh olarak saturasyon degisiminden en az etkilenen ve yiiksek korelasyon gosteren
indeks MSR705,750)'dir. (LAI=1.904, 0.906). Bunu sirasiyle NDVIe7o (LAI=1.904,0.703), NDVIss0
(LAI=1.904, 0.651) ve LCCl(70s,750) (LAI=1.904, 0.448) takip etmistir.

1. INTRODUCTION

The use of remote sensing technology to
determine nitrogen levels in plants is not new. Since
it is known that leaf nitrogen concentration depends
on the amount of chlorophyll in the plant, studies
have focused on determining the leaf concentration
of the plant (Haboudane et al. 2008). However, the
spectral absorption of chlorophyll and its
encapsulation by other plant pigments make it
difficult to accurately estimate plant nitrogen levels
using remote sensing technology (Hatfield et al.).
Plant chlorophyll coverage is affected by other stress
factors such as water, light, disease and other plant
nutrient deficiencies or toxicity (Penuelas and Filella
1998; Chaerle & Straeten 2000; Barraclough and
Kyle 2001). Advanced research on plant indices has
been obtained with different combinations of
narrow bands among themselves. Field-based
studies using hyperspectral reflectance values
obtained with handheld spectroradiometry have
focused on different plants, both on the leaf and
canopy (Blackburn, 1998a,b; Thenkabail et al., 2001;
White, Trotter, Brown, & Scott, 2000; Yoder &
Pettigrew-Crosby, 1995).

Increasing the sensitivity of the vegetation
indices to be used in the calculation of chlorophyll
and other pigments is possible with the correct
selection of sensitive band regions in hyperspectral
imaging (Blackburn, 1998b). As a consequence of the
different measurement conditions, there is
disagreement on the choice of wavelengths to be
used in the determination of plant parameters.
Hyperspectral reflectance values recorded under
natural conditions in productive crops with high
input costs have been published, albeit in limited
numbers (Broge & Mortensen, 2002; Filella, Serrano,
Serra, & Penuelas, 1995; Serrano et al., 2000).

The performance of vegetation indices (VI) used
to determine the nitrogen and chlorophyll
concentration of plants is related to variables such as
the biomass and chlorophyll density of the field and
nitrogen uptake Hansen & Schjoerring (2003); Feng
et al. (2008); Fava et al. (2009). Therefore, it has
become necessary to develop new approaches to
determine the nitrogen concentration of the plant,
especially in the early stages. Therefore, improved
multiple linear regression models using more bands
(Miao et al. 2009), partial sum of least squares (PLS)
(Hansen & Schjoerring 2003), artificial neural
networks (Yi et al.,, 2007) have been developed.
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Red-Edge is important in determining the
Chlorophyll content in plants (Clevers et al., 2001;
Curran, 1989; Dash & Curran, 2004). Recently, red
edge bands on Sentinel-2 have been used in
simulation studies to estimate LAI and Chlorophyll
(Delegido et al, 2011; Herrmann et al, 2011).
Studies have shown that ratio indice (RVI) and
normalized differential indice (NDI) using Red Edge
bands give very good results in chlorophyll and
nitrogen estimation. Gitelson et al, 2003, 2006
developed two different indices called Red Edge
(CIred-edge = R800/R710 - 1) and Green-
Chlorophyll Indice (CIgreen = R800/R550 - 1) for
chlorophyll estimation using NIR (800 nm) bands
and red edge bands (710 nm). It was found
important that these indices provide accurate
approaches by eliminating the negative effects of
saturation. Studies have shown that plants show the
most typical reflection in the near infrared region
(400-1100 nm). Therefore, spectroradiometric
measurements in plants are concentrated in the near
infrared region (Basyigit & Ding, 2001). The fact that
the reflectance characteristics of plants are directly
related to leaf chlorophyll content and mineral
content has led to the idea that nutrient deficiencies
can also be determined by spectral methods.

The decrease in chlorophyll concentrations in
the leaf is due to nitrogen deficiency (Penuelas et al.
1994). In case of severe nitrogen deficiency, plants
show more reflection in the red reflection region.
Increases in reflectance in the red region indicate
chlorophyll deficiency caused by nitrogen deficiency,
while decreases in reflectance in the near-infrared
region indicate decreases in leaf area index and
green biomass (Filella et al. 1995). This situation has
been determined by many researchers, especially in
cereals (Asrar et al. 1984; Jensen et al. 1990).

To summarise the main objective of the
research; the amount of nitrogen in plants is directly
related to chlorophyll. Today, classical deterministic
classical methods are used for the determination of
chlorophyll in plants. This is time-consuming and
expensive. It has become necessary to utilise remote
sensing technology to estimate the chlorophyll in the
plant in a short time and accurately by reducing the
effects of factors affecting chlorophyll uptake in the
plant. For this purpose, improved narrow band
spectral indices were used and their linear
regression equations were developed.
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2. MATERIALS and METHOD
2.1.Material
2.1.1.Study area

The study were carried out for one year during
the 2013-2014 production season at the ikizce /
Haymana Research-Practice Farm of the Ankara
Field Crops Central Research Institute, located in the
south-west of Ankara, in an area with a continental
climate, dry and hot in summer and cold and rainy in
winter (Figure 1). The test area is between 39' 12" -

Figure 1. Study area

2.1.2. Climate characteristics of study area

To evaluate the climate of the study area,
according to the 20-year data of ikizce station, the
average annual temperature of the area is 10.0 °C.
The average highest temperature is 18.5 °C in August
and the average lowest temperature is -5.2 °C in
January. Annual precipitation is 398.7 mm. The
wettest month is December with 53.8 mm and the
driest month is August with 13.8 mm. Annual
precipitation distribution is 133.8 mm in spring
(33.6%), 58.2 mm (14.6%) in summer (14.6%), 84

43" 6" north latitude and 35' 58" -37' 44" east
longitude.

The project area is located in the south of
Ankara province, within the borders of Haymana
district center, at the 22nd km of Haymana-Golbasi
State Highway, with Topakl village in the northwest
and Ikizce village in the southwest, and covers an
area of 968.3 ha. The slope of the land varies
between 2-15%. The altitude of the area where the
meteorological station in the farm is located is 1070
m. The land is between 1028-1132 meters above sea
level. The main crops grown in the region are wheat
and barley.

mm (21.1%) in autumn (21.1%), and 122.7 mm
(30.8%) in winter (Anonymous, 2005).

Frost is quite severe in Ankara and its region.
The average number of frosty days is 85 days. Early
and late spring and fall frosts coincide with certain
calendar days. These days are likely to be April 20 in
the spring and every day in November in the fall. Hail
usually falls in the spring, in April and May. It can be
large and severe enough to damage fruit and other
crops. The long-term average climate data for the
experimental area are given in Table 1 (DMI, 2011).

Table 1. Long-year average climate data for the region (1975 - 2010)

. MONTHS
Climate data Mean
I I 1 v \' VI vili vl X X XI XII
Average temperature °C 03 21 62 113 160 202 235 232 187 130 68 22 119
Max. temperature, °C 43 6.7 119 17.2 22.2 26.6 30.2 30.2 260 196 123 6.1 17.7
Min. temperature, °C -3.1 20 141 5.7 9.7 131 161 152 119 75 23 -09 638
Precipitation, mm 39.2 336 361 500 49.7 351 160 124 189 325 36.0 426 335
Average sunshine durationh 11.1 104 106 121 123 9.3 41 3.2 42 75 89 110 87
Relative humidity, mm 72 71 60 58 58 50 37 35 41 57 70 79 57.3
Evaporation, mm - - - 103.0 146.6 200.0 254.2 244.0 167 952 443 - 104.5
Wind speed, m s°! 1.2 13 14 1.2 1.3 1.2 1.2 1.2 1.1 1.2 13 13 1.2
2.1.3. Soil characteristics of experiment area average water holding capacity was found to be
62.50%. EC (Ds m-1) value was calculated as 0.610,
The soil of ikizce farm lands belongs to the Total Salinity 0.025%, Ph 7.57 (neutral values), Lime
brown soil group. Soil analysis was carried out by % was calculated as 37.81 (high lime). Organic
Ankara Soil and Water Resources Central Research matter content was low (average 1.22%) and organic
Institute. According to the results; the soil texture of carbon content was low (average 0.71%).
the test area has a clayey-loamy structure and the
99 Turkish Journal of Remote Sensing
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2.2. Methods

Field studies were carried out in an area
representing dry conditions in the experimental field
located in the Haymana enterprise of the Central
Research Institute of Field Crops, which was left
fallow in the previous year. The experiment was
carried out on 15 plots by applying 5 different
fertilizer doses (0-4-8-12-16 kg/da.) on the data
obtained from the sampling points on the plots
formed according to the random blocks
experimental design with 3 replications in rainfall-
dependent irrigation under dry conditions. One
control plot without fertilizer was left in each
replicate.

The experiment was started by obtaining the
trial results obtained between 2013 and 2014 for the
firstyear. The experimental area consists of a total of
15 plots with 3 replications. The width of each parcel
is planned as 6 m. and the length as 30 m. The area of
each parcel is 180 m2. DAP was calculated as 12
kg./da (378 g/31.5 m?2) per decare as base fertilizer
and applied to the plots. In the spring, 33%
ammonium nitrate fertilizer was used as top
fertilizer, and additional application was made by
calculating the amount to be given to the plot based
on pure matter. IKIZCE wheat seed was applied at 20
kg/da (378 gr/ 31,5 m?). Before planting, soil
samples were taken from the experimental area and
nutrient and physical analysis were performed.

The experimental plots were arranged in three
replications as 6 m.*30 m. = 180 m2 and 20 kg (0.630
gr/31.5 m?) of IKIZCE wheat per decare was sown
with a 24-row pneumatic seeder with a row spacing
of 13 cm. Half of the 10 m. plot length determined for
each plot was reserved for agronomic sampling (%
cover, LAl calculation, wet-dry biomass per m?, etc.)
to be taken at different growth stages. The remaining
half (5 m) was allocated for the calculation of grain
yield.

2.2.1. Collection and evaluation of hyperspectral
data

Spectroradiometric canopy reflectance
measurements were made using a portable
handheld spectroradiometer between 11 am and 3
pm, when the sun's rays were perpendicular to the
earth's surface and there was no cloud cover. With
the help of the spectral sensor, the spectral
reflections in the plant leaves were performed every
3 nm in the band range from 331 nm to 1141 nm.
Measurements were taken from a height of 70 cm. at
an angle of 250" to the earth's surface. Before each
reading, the spectroradiometer was first calibrated
and white and black calibrations were performed.

Before spectral reflectance measurements, the
spectroradiometer was calibrated with a standard
white bord (BazS04). This ensured that all reflection
values obtained were minimized by the negative
effects of noise and atmosphere.
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Spectral  reflectance = measurements  of
vegetation were taken from Haymana-ikizce
experimental area, three measurements were taken
from each plot (from the beginning, middle and end),
45 measurements were taken from 15 plots from
three replicates, and 3 measurements were taken
from the breeding plot and 48 measurements were
obtained in total. Measurements were taken at 8
different phenological stages. These measurements
were then averaged and used in the calculation.
Spectral measurements were taken at different
phenological developmental stages of the plants
(Zadoks-Feekes) such as tillering, stalk emergence
(Z-35), flowering (Z-54), spike (Z-74), grain filling
(Z-84) and grain tying (Z-92) (Table 2).

Before the readings, at least three readings
were taken from each plot (at the beginning, middle
and end of the plot) with the device, which went
through signal testing, automatic integration time
adjustment and white and black calibration stages,
and the collected reflectance values were stored in
the device as raw data with .dvp extension. This raw
data was then imported into the computer as .csv so
that it could be opened and processed in Excel. A
special software was used for this.These raw data
collected were subjected to an internal organization
and the reflectance values obtained from the plots
were averaged and made ready to be processed for
use in vegetation indice formulas.
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Table 2. Different growth stages and classification scales sampled during the 2013-2014 vegetation period in

Haymana
gz:lr;(:iloglcal Sampling Dates Period gli:l(:\ l: Feekes
- March 19, 2014 Emergence Period 10-19 1
] March 26, 2014 Tillering Period 21-25 2
2 April 03, 2014 End of Tillering Period 26-29 3
—; April 22, 2014 Beginning of the bolting 30 4-5
- May 13, 2014 Bolting Period 31-39 6-7-8-9
Mayis 22, 2014 - Mayis 26, New formation of the flag leaf 40-69 10
= 2014 ,Spiking, Flowering
] June 04,2014 Beginning of the Milk Formation Period 70-77 11
;t:) June 12, 2014 Dough Formation Period and hardening of 80-87 11.2
® the grain
E June 24, 2014 Hardening and Maturation of the Grain, 91-92 11.3-11.4
Start of Ripening
July 22, 2014 Harvest 99 11.4

2.2.2. Measurement of nitrogen content by
chlorofilmeter (SPAD 502, Minolta)

Fischer (2001) reported that the chlorophyll
content of leaves reflects their photosynthetic
capacity and Yadava (1986) reported that there was
a linear relationship between SPAD values and the
amount of chlorophyll contained in the leaves at the
time of reading. This system is based on the indirect
determination of chlorophyll content and nitrogen
content by measuring the green color of the leaves.

Chlorofilmmeter (SPAD 502, Minolta, Spectrum
Technologies Inc.) was used to determine the
chlorophyll content. The SPAD meter emits light at
two different wavelengths (650 nm and 950 nm) and
is calibrated basis on the uptake of these rays by
chlorophyll (Maas and Dunlap 1989, Minolta, 1989).

SPAD has been developed to measure the
amount of chlorophyll in the leaves of the plant, so
that it is possible to determine the amount of
additional fertilizer required. The amount of
chlorophyll is an indicator of the amount of nitrogen.
An increased SPAD value is an indication of a healthy
plant. SPAD measures the relative amount of
chlorophyll a plant has using two wavelengths.
Chlorophyll readings in the plant reach peak values
in the blue region (400-500 nm) and in the red
region (600-700 nm).

The basis of the method is to determine the
relationship between leaf chlorophyll levels and
nitrogen nutrition status of the plant. In this method,
the chlorophyll readings obtained by SPAD meter are
converted into NSPAD values by normalising the
SPAD values due to the changes in environmental
factors on the genotypes. Drought or disease or lack
of any nutrients in farmers' fields can cause
chlorophyll depletion and discoloration. Therefore,
in nitrogen fertilizer trials for calibration purposes,
the SPAD value should be converted to NSPAD value.
In any fertilizer trial, the percentage value obtained
by dividing the SPAD reading of the same genotype
in the plots fertilized at different amounts within the
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trial by the highest SPAD value (chlorophyll reading)
reading of the plant obtained by using the highest
fertiliser dose in the same plot is called NSPAD value.
Calibration equations are obtained from these
values. In farmers' practices, control strips with the
nitrogen level corresponding to the highest yield
level are formed in practice, and the values read from
these strips are subjected to normalisation process
and the necessary supplementary nitrogen
requirement for the remaining parts of the field is
determined.

2.3. Testing the Performance of Vegetation
Indices for Chlorophyll Estimation

PLS (Partial Least Sum of Squares) Regression
Model was used to reveal the important wavelengths
that stand out in chlorophyll estimation. To
determine the chlorophyll concentration in the plant
according to different developmental stages (Early-
Late-Full Year), the correlation values between the
chlorophyll value calculated by using the vegetation
indices from the plots in the experiment and the
measured chlorophyll (SPAD) concentration were
examined. In the experiment, a total of 18 different
Vegetation Indices were calculated in different band
combinations to be used in chlorophyll estimation in
wheat (Table 3). For each indice, the accuracy and
performance of the model were tested by calculating
the r?, Sum of Squares of Error (RMSE) values and
Relative Error % (% RE) obtained from the
correlation model with leaf chlorophyll (SPAD)
concentration.
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Table 3. Vegetation indices used in chlorophyll estimation

Indice Formula Literature

NDVIe70 Original formula

NDVIsso Original formula

NDVI(705,750) NDVI=(R7s0-R705) /(R750+R705) Original formula

MSR 705,750 MSR(705,750)=[(R750/R705)- Original formula
1]/[(\/R750/R705)+1)]

MCARI(705,750) MCARI(705,750)=(R750-R705)-0.2 (R750- Original formula
Rss0) (R750/R705)

TCARI/OSAVI 3[(R700- Re70)-0,2(R700- Rss0)(R700/R670)]/ Haboudane et al. (2002)

[(1+0,16)( R750-R705) / (R750+R705+0,16)]

OSAVI (Optimized SAVI)
TCARI
MCARI/OSAVI

OSAVI =(1+0,16)( R750-R705) / (R750+R705+0,16)
TCARI=3[(R700- Re670)-0,2(R700- Rs50) (R700/Ré70)]
[(R7s0-R705)-0.2(R7s0-

Waldner et al. (2015)
Haboudane et al. (2002)
Original formula

Rss50) (R750/R705)]/[(1+0,16) (R750-R705) /

(R750+R705+0,16)]
GI=Rss4 / Re77
SRPI= Ra30 / Reso

GREEN INDEKS (G)(Green Indice)
SRPI (Simple Ratio Pigment Indice)
RVI (Ratio Vegetation Indice)

RDVI  (Renormalized Difference
Vegetation Indice)

SIPI (Structural insensitive

Pigment indice)

NPCI ((Normalized Pigment Chlorofil
Indice)

LCCI (Leaf and Canopy Chlorophyll
Indice)

NVI (New Vegetatation Indice)

ARI (Antocyanin Reflectance Indice)

Red Edge (750-700) R7s0- R700

Red Edge (740-720) R750— R700

RVI= (R790:Rs10) / (Ré40: Re60)
RDVI = (Rsoo-Re670) / (Rsoo+ Re70)05
SIPI = ((Rsoo- R445) / (Rsoo + Reso)
NPCI = (Reso- R430) / (Reso+ Ra3o)
LCCI = (R7s0- R705) / (R750 + R705)

NVI = (R777- R747) / (Reé73)
ARI = (1/Rss0)-(1/R700)

Smith et al. (1995)
Penuelas et al.(1994)
Jacobsen et al. (1998)

Roujean and Breon (1995)
Penuelas et al. (1995a)

Penuelas et al. (1995b)
Gitelson ve Merzlyak
1994b

Gupta, et. al. 2001
Zarco-Tejada et al. 2005
Gitelson & Merzylak (1996)

Gitelson & Merzylak (1996)

2.4. Statistical Analyses And Regression Model
Establishment In Chlorophyll Prediction

Reflectance readings obtained from the test
area every 3 nm in the band range 331-1141 nm.
were used to calculate the spectral indices
formulated according to single and dual band
combination. As a result, the indices obtained from
replicates I, II and III from the experimental area,
especially the indices used in the literature and used
in chlorophyll estimation, were used in the
regression model to be developed to calculate the
chlorophyll (SPAD) concentration in the plant.

In addition, different vegetation indices
developed to reveal the chlorophyll tracking of
wheat at different growth stages were used. In this
respect, the developmental stages of wheat are
analysed in two parts. Firstly, the period of 1-9
weeks (Feeks 1-9) when the plant did not completely
cover the soil surface was considered as the early
period, and the second period of 40-11 weeks (Feeks
10-11.2) when the canopy completely covered the
soil was considered as the late period.

The results were calculated separately for each
period, as well as for the whole year. Correlation and
regression analyses were performed using SPSS-
16.0 software. To evaluate the performance of the
model, the correlation (R?) differences between the
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indices and chlorophyll concentration were
compared. The sum of squared errors (RMSE) and
relative error percentage (RE %) were calculated. It
was concluded that vegetation indices with higher R2
values and lower RMSE and RE % values were
effective  in  calculating plant chlorophyll
concentration. The sum of squared errors (RMSE)
(1) and the relative error percentage (RE %) (2) are
calculated by the following equation.

The sum of squared errors (RMSE)

\/Z?=1(yabs,i—ymadel,i)2 1)
n

The relative error percentage RE (%)

The sum of squared errors (RMSE) *100 (2)

ymean,i
In Formula; yobsi= Observed Value (SPAD)
ymodeli = Value estimated from equation

Ymean,i = Average Chlorophyll Value
n = Number of Samples Used in the Experiment
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3. RESULTS

3.1. Plant indice-chlorophyll relationships
according to phenological periods

In the experiment conducted in Haymana
location in 2013-2014, the effectiveness of different
indices in determining the amount of chlorophyll of
the plant was investigated. When the phenological
periods were analyzed in terms of months, the
highest correlation values were found at the end of
the milky stage and the period when the grain
started to harden (June 12, 2014-ZADOKS 80-87)

(R2= 0.849-0.449). As shown in Table 4, the highest
correlation values were found in Leaf Canopy
Chlorophyll Index (LCCI) and NDVI (705-750), which are
structural indices, at N16 nitrogen dose during the
hardening period of the grain (R2= 0.863**). This was
followed by Ratio Vegetation Indice (RVI) at
flowering (May 26, 2014, ZADOKS 40-69) (R2=
0.859**). Modified Simple Ratio MSR7s.750, Red
Edge (740-720) and Simple Ratio Pigment Indice (SRPI)
of structural indices and chlorophyll pigment indices
showed high correlation values (R%= 0.847, 0.846,
0.836) at flowering (June 12, 2014) (Table 4 (Figure
2).

Table 4. Prominent indices according to phenological periods (SPAD-vegetation indice relationships)

(Haymana 2013-2014)

Phenological Periods

Index May 13, 2014 May 26,2014 June 04, 2014 June 12,2014 June 24, 2014
NDVleno 0,707** 0,456 0,588* 0,829** 0,681**
NDVlsso 0,761** 0,656** 0,722** 0,849** 0,686**
NDVl70s,750) 0,771** 0,661** 0,751** 0,863** 0,750**
MSR 705,750 0,746** 0,662** 0,730** 0,847** 0,751**
MCARI(705,750) 0,636* 0,558** 0,580 0,789** 0,733**
TCARI/OSAVI -0,743** -0,742%* -0,787** -0,837 0,552*
MCARI/OSAVI 0,607* 0,465 0,467 0,735** 0,699**
GREEN INDEKS (G)(Green Indice) 0378 0,523 -0,329 0,449 0,109
SRPI (Simple Ratio Pigment Indice) 0,777** 0,481 0,794** 0,836** 0,109
RVI (Ratio Vegetation Indice) 0,690%** 0,859** 0,770%* 0,673** -0,109
RDVI (Renormalized Difference o o
Vegetation Indice) 0,655 0,308 0,372 0,741 0,109
S_IPI(Stru_ctu_raI insensitive 0,695%* 0481 0,534* 0,822%* 0,109
Pigment indice)
NPCI ((Normalized Pigment Chlorofil -0,784%* -0478 -0,797%* -0,839%*
Indice) -0,109
:_rE,jiC(Z:L) (Leaf and Canopy Chlorophyll 0.771%* 0,661%* 0,751%* 0,863** 0,750
NVI (New Vegetatation Indice) 0,641* 0,615* 0,613* 0,755** 0,109
ARI (Antocyanin Reflectance Indice) 0,729** 0,779** 0,660** 0,738** -0,109
Red Edge (750-700) 0,636* 0,355 0,368 0,738** 0,109
Red Edge (740-720) 0,761** 0,698** 0,762** 0,846** 0,108

* Correlation is at 0.05 significance level.
** Correlation is at 0.01 significance level

SPAD-INDICE Relationships for Different Phenological Periods (R*) (Haymana 2013-2014)

0,9

0,8

0,7

\ ki NDVI

ammiteims VISR (705,750)

0,6

0,5

e Red Edge (740-720)

04

=== SRPI (430,680)

Correlation (R%)

NDVI 670

0,3

SIPI (445,800)

0,2
0,1

MCARI (705,750)
RDVI (670,800)

May 13,2014 May 26,2014

June 4,

Phenological Periods

2014 June 12, 2014 June 24, 2014

Figure 2. SPAD-indice relationships for different phenological periods (Haymana 2013-2014)
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When evaluated according to different
phenological periods, the highest correlation values
(R2 =0.744) were found at the end of the milky stage

and the period when the grain started to harden (12
June 2014-ZADOKS 80-87) (Figure 3).

0,6
He
y=0,01x+0,0068 ]
5. 'S y=0,0114x - 0,0485
0,5 Ll o b4 R?*=10,4368
¢ 26.May.14
04 y=0,0132x-0,1469 |
. R?=0,7439
2
) B 04]Junel4
503 | (f P
ke
[«5]
£ X X 12Junel4
S8 02 X X
X
01 v =0,0058x-0,0173
X R?=0,5618
O T T T T T 1
0 10 20 30 40 50 60
SPAD
Figure 3. Phenological periods effective in chlorophyll estimation (Haymana 2013-2014)

3.2. Validation of the Model

A cross-validation study was carried out
between the predicted chlorophyll values and the
observed values to evaluate the performance
between the indice values and SPAD values
according to different growth periods. As a result,
high-performing indices are ranked from high to low

according to their correlation (R?) values and from
low to high according to their root mean square
error of the sum of squares (RMSE) values. The
prominent indices in chlorophyll estimation were
revealed in the early period (May 13, 2014) (Table 5)
and in the late period (May 26, June 04-12-24, 2014)
(Table 6).

Table 5. Prominent indices for chlorophyll estimation in the early period (May 13, 2014) (Cross-validation

Results) (Haymana 2013-2014)

Indice R2 RMSE % RE
NPCI (680,430) 0,615 1,337 3,068
SRPI (680,430 0,604 1,354 3,108
LCCI (705,750 0,594 1,37 3,145
NDVI (705,750 0,594 1,37 3,145
Red Edge (740/720) 0,579 1,395 3,202
NDVI 550 0,579 1,397 3,207
MSR 0,557 1,433 3,288
ARI (700,550 0,531 1,472 3,379
NDVI (670,800) 0,499 1,521 3,491
SIPI 0,483 1,548 3,553
RVI 0,476 1,557 3,574
RDVI 0,429 1,626 3,733
NVI 0,411 1,652 3,791
MCARI 0,404 1,661 3,811
Red Edge 750-700 0,404 1,661 3,813
MCARI/OSAVI 0,368 1,711 3,927
Green Indice 0,163 1,992 4,572
TCARI/OSAVI -0,552 1,44 3,306
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Table 6. Indices that stand out in chlorophyll estimation in the late period (26 May, 04-12-24 June 2014) (Cross-

validation Results (Haymana 2013-2014)

Indice (R2) RMSE % RE
LCCI 0,796 4,542 7,57

NDVI (705,750 0,796 5,344 8,906
NDVIss0 0,781 4,687 7,811
MSR 0,774 5,531 9,218
NDVIe70 0,743 5,778 9,63

MCARI/OSAVI 0,674 6,168 10,281
MCARI 0,674 6,268 10,447
NVI 0,504 7,623 12,705
RDVI 0,496 7,643 12,739
Red Edge 740,720 0,494 7,139 11,899
Red Edge 750-700 0,494 7,596 12,66
SIPI 0,460 8,073 13,455
SRPI 0,412 7,697 12,828
RVI 0,291 7,669 12,782
Green Indice 0,182 9,155 15,259
ARI 0,042 10,331 17,218
TCARI/OSAVI -0,045 10,05 16,75

NPCI -0,416 8,203 13,672

The prominentindices (VI) and regression equations for SPAD (Chlorophyll) estimation at different nitrogen doses

are shown in Figure 4.

Prominent Indices for Chlorophyll Estimation (SPAD) at Different Nitrogen Doses (VI) and
Regression Equations
180 v =0,0251x + 0,4354
1.60 R%=0,9968
= @ NDVI 705,750
_ 1,40
g X/H/
§ 1,20 y = 0,0366x - 0,7647 B NDVI550
— 2 _
—g 1,00 R*=0,9941
= y=0,0144x + 0,0786 /A/A A MSR705
£ 080 RZ=0,9435
3 y = 0,0143x + 0,0082 = %——‘
& 0.60 R2=0,9898
! Red Edge 740/720
B
o a 0'01X+M 0,016x - 0,2595
RZ=09 y=0,016x-0, &
0,20 R*=0,9906 SRPI
0,00 T T T T \
25,00 30,00 35,00 40,00 45,00 50,00
SPAD
Figure 4. Prominent Indexes (VI) and regression equations for chlorophyll estimation (SPAD) at different

nitrogen doses

3.3. Chlorophyll (SPAD) Leaf Area Index (LAI)
and Spectral Indice Relationships for Different
Phenological Periods: (Haymana 2013-2014)

The relationships between SPAD-LAI were
examined according to the replicate averages in
different phenological development periods (Table
7), and the highest coefficient correlation value
(R2=0.673) was reached especially in the estimation
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of chlorophyll at early emergence (13 May 2014).
Due to the increasing saturation effect of LAI, the
correlation showed a decreasing trend during the
flowering period (R?=0.020) and a slight increase
during the grain setting period (04 June 2014)
(R2=0.243). It increased again (R2=0.659) at spike
(12 June 2014) and decreased again (R2=0.022) at
yellowing (Figure 5).
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Table 7. SPAD-LAI Relationships obtained according to recurrence averages in different phenological periods

(Haymana-ikizce, 2013-2014)

13.05.2014 26.05.2014 04.06.2014 12.06.2014 24.06.2014
R A
ecurrence Average (Bolting) (Flawering) (Heading) (Spiking) (Ripening)
LAI SPAD LAI SPAD LAI SPAD LAI SPAD LAI SPAD
No 1,49 38,03 1,100 40,23 1,92 36,97 1,29 32,07 1,14 22,63
N4 1,29 42,60 1,900 43,20 1,33 41,73 2,01 36,37 1,36 27,80
Ns 1,88 43,73 1,923 43,77 1,42 43,73 1,94 40,24 1,58 28,50
N12 2,35 46,73 1,578 48,93 1,36 48,97 1,89 43,94 2,73 30,77
N16 2,46 46,77 1,037 49,10 1,62 49,93 2,36 45,31 1,30 38,70
55
y =-1,2924x + 46,995
R?=0,0201 .
50 y = 5,7661x + 32,649 Heading
- - R%*=0,6728 04.06.2014
45 Spiking
y=-10,711x + 60,655 - 12.06.2014
R%=0,2428
40 - ® Flowering
QD: ® PY 26.05.2014
o
[%2)
35 ® Yellowing
y=11,437x + 17,872 24.06.2014
R%=0,6594
30 _// ® Tillering
® e y=1,3621x+ 27,471 13.05.2014
R%?=0,022
25
[ J
20
0,50 1,00 1,50 2,00 2,50 3,00
LAI

Figure 5. According to different phenological periods SPAD- LAl relationships in wheat (Ikizce) (Haymana 2013-

2014)

Many vegetation indices are strongly influenced
by the unfavourable reflection properties of the soil
atlow LAI. As LAl increases, the predictive power of
the spectral indices increases as the saturation effect
decreases. In this study, the responses and
sensitivities of different spectral indices for
chlorophyll estimation against LAl change in
phenological periods were investigated. As a result,
the indices that are least and most affected by
saturation changes were revealed. Thus, the power
of plant indices to predict the chlorophyll content of
canopy was demonstrated. Leaf Area Index values
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obtained from the experimental area in Haymana’da
between 2013-2014 varied between 1.08-2.81 in the
early period (May 13, 2014). In chlorophyll
estimation, NDVI(70s5750) is the indice that is least
affected by saturation change due to increasing LAI
value in the early period and shows high correlation
(LAI= 2.63, R?= 0.554). This was followed by Red
Edge (740-720), (LAI= 2.63,1.722), NDVI (s50,780), (LAI=
2.63, 0.733), SRPIlu30,6s80) (LAI= 2.63, 0.661), LCCI
705,750) (LAI= 2.63, 0.554) and NPCI (430680) (LAI=
2.63, 0.203). In this early period, highly correlated
indices were in the range R2=0.836-0.761 (Figure 6).
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Figure 8. LAI-Spectral indice relations in late period (May 26, June 04-12-24 2014)

When the relationship between SPAD-Indice values
was examined in the late period (May 26, 04-12-24

June 2014), it was observed that LCCI was the indice
most affected by SPAD readings (Figure 9).
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Figure 9. SPAD-Spectral Indices relations in late period (May 26, 04-12-24 June 2014)

4.. DISCUSSION and CONCLUSION
4.1. Discussion

In recent years, advances in imaging
spectrometry have led to new vegetation indices
sensitive to chlorophyll concentration, minimizing
spectral confusion caused by soil background and
atmosphere, resulting in more accurate approaches
((Collins (1978), Baret, Jacquemoud, Guyot, &
Leprieur (1992), Demetriades-Shah, Steven, & Clark
(1990), Filella & Penuelas (1994), and Mauser &
Bach (1994)).

In the early stages of growth, the change in plant
biomass and leaf area index is greater, and their
effects on reflectance may obscure the effects of
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chlorophyll and nitrogen (Haboudane et al. 2002). In
the late stages of growth, the effects of these
structural changes are less visible as the canopy of
the plant completely covers the soil. Fischer (2001)
reported that the chlorophyll content of leaves
reflects their photosynthetic capacity and Yadava
(1986), reported a linear relationship between SPAD
values and the amount of chlorophyll contained in
the leaves at the time of reading. This system is based
on the indirect determination of chlorophyll content
and nitrogen content by measuring the green color
of the leaves. Martinez and Guiamet (2004), in a
study on wheat and maize, reported that SPAD value
increased as the proportional water content of
leaves decreased. Spectral vegetation indices (VIs),
calculated as combinations of near infrared (NIR)
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and red reflectance, correlated well with canopy
parameters related to biomass and chlorophyll,
where photosynthetic activity (APAR) is absorbed
and green leaf area index (GLAI) is rich (Elvidge &
Chen, 1995; Myneni & Williams, 1994).

In our study, it was observed that the least
affected and highly correlated indices were observed
in the early period due to the increasing saturation
change in the leaves. As a result, it was observed that
the spectral indices calculated in this period were in
parallel with the results of previous studies and
reached high correlation values. With remote
sensing techniques, it has gained great importance to
keep up with the rapid changes in the climatic
calendar in plant development quickly and quickly
and to realise the right applications on time. It has
become inevitable that inputs should be used more
economically and optimally, and should be applied
quickly to the field at the required time and in the
required amount. In addition, great contributions
will be made to the sensitive agricultural practices
that have been carried out in this field recently. With
this study, it will be possible to determine the
amount of nitrogen and chlorophyll in the plantatan
early stage and to plan fertilizer application and
recommendation programmes accordingly at an
early stage.

4.2. Conclusion

Thanks to this study, the chlorophyll estimation
power of the predefined narrow and broadband
vegetation indices has been revealed, and by
combining the available wavelengths, indices with
high estimation power have been obtained. Using all
bands of the spectroradiometer, vegetation indices
with high predictive power of chlorophyll by
phenological periods were derived using least
partial squares regression (PLS). At Haymana
location, the highest correlations between
chlorophyll readings (SPAD) and spectral indices
were determined at the end of the milking period
and the period when the grain started to harden
(June 12, 2014-Zadox 80-87) (R2= 0,849-0,449). The
highest correlation values were found in LCCI and
NDVI(705,750) at dose N1¢ when the grain started to
harden (R?= 0,863**). Moreover, RVI indice (R2=
0.859**), structural indice MSR(7o0s,750), (R?= 0.847),
red edge indice Red Edge(740-720) (R?= 0.846) and
chlorophyll pigment indice SRPI showed high
correlation values (R2= 0.836) at flowering (June 12,
2014). When the relationships between SPAD and
LAI were examined at the same location, the highest
correlation value for chlorophyll estimation was
found during the heading period (May 13, 2014)
(R2=0.673). It showed a decrease (R2=0.020) during
the flowering period (May 26, 2014) due to
increased saturation and a slight increase
(R2=0.243) during the grain setting period (June 04,
2014). It increased during the spiking period (June
12,2014) (R2=0.659) and decreased again during the
yellowing period (R2?= 0.022). In chlorophyll
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estimation, NDVI(705,750) (LAI= 2.63, R?=0.554) was
the least affected by the saturation change due to the
increasing LAI value in the early period (May 13,
2014), while MSR (705,750) (LAI=1.904, R*= 0.906) was
found in the late period (May 26, June 04-12-24,
2014).

Authorship Contribution
The authors contributed equally to the study
Conflict of Interest
The authors declare no conflict of interest.
Research and publication ethics statement
In the study, the authors declare that there is no
violation of research and publication ethics and that
the study.
REFERENCES
Asrar G, Fuchs M, Kanemasu ET & Hatfield ]L.
(1984). Estimating absorbed photosynthetic
radiation and leaf area index from spectral
reflectance in wheat. Agron. J. 76:300-306.

https://doi.org/10.2134/agronj1984.00021962007
600020029x

Basayigit, L, Ding, U, (2001). Toprak Etid ve
Haritalama Calismalarinda Bilgisayar
Teknolojilerinin Kullanimi, Tarimda Bilisim
Teknolojileri 4. Sempozyumu,Siitciiimam
Universitesi, Kahramanmaras, s 283-291"
kaynagindan ézetlenmigtir.

Baret, F., Jacquemoud, S., Guyot, G., & Leprieur, C.
(1992). Modeled analysis of the biophysical
nature of spectral shifts and comparison with
information content of broad bands. Remote
Sensing of Environment, 41, 133- 142,
https://doi.org/10.1016/0034-4257(92)90073-S

Barraclough, P. B., & Kyle, ]. (2001). Effect of water
stress on chlorophyll meter readings in winter
wheat. In W. ]. Horst, et al. (Eds.), Plant
nutrition-food security and sustainability of
agro-ecosystems (pp. 722-723). Dordrecht, The
Netherlands: Kluwer Academic Publishers.
https://doi.org/10.1007/0-306-47624-X 350

Blackburn, G. A. (1998a). Quantifying chlorophylls
and carotenoids at leaf and canopy scales: An
evaluation of some hyperspectral approaches.
Remote Sensing of Environment, 66, 273-285.
https://doi.org/10.1016/S0034-4257(98)00059-5

Blackburn, G. A. (1998b). Spectral indices for
estimating photosynthetic pigment
concentrations: A test using senescent tree
leaves. Interna tional Journal of Remote Sensing,

Turkish Journal of Remote Sensing


https://doi.org/10.2134/agronj1984.00021962007600020029x
https://doi.org/10.2134/agronj1984.00021962007600020029x
https://doi.org/10.1016/0034-4257(92)90073-S
https://doi.org/10.1007/0-306-47624-X_350
https://doi.org/10.1016/S0034-4257(98)00059-5

Turkish Journal of Remote Sensing - 2024; 6(2); 97-111

657-675.
10.1080/014311698215919

19,

https://doi.or

Broge, N. H.,, & Mortensen, |. V. (2002). Deriving
green crop area index and canopy chlorophyll
density of winter wheat from spectral reflec
tance data. Remote Sensing of Environment, 81,
45-57. https://doi.org/10.1016/S0034-
4257(01)00332-7

Chaerle, L., & Van Der Straeten, D. (2000). Imaging
techniques and the early detection of plant
stress. Trends in plant science, 5(11), 495-501.

Clevers, J. G, De Jong, S. M., Epema, G. F,, Van Der
Meer, F., Bakker, W. H., Skidmore, A. K, &
Addink, E. A. (2001). MERIS and the red-edge
position. International Journal of Applied Earth
Observation and Geoinformation, 3(4), 313-320.
https://doi.org/10.1016/S0303-2434(01)85038-8

Collins, W. (1978). Remote sensing of crop type and
maturity. Photogrammetric Engineering and
Remote Sensing, 26, 43-55.

Curran, P.J. (1989). Remote sensing of foliar
chemistry. Remote Sens. Environ. 30:271-278.
https://doi.org/10.1016/0034-4257(89)90069-2

Dash, ]., & Curran, P.]. (2004). The MERIS terrestrial
chlorophyll index.
https://doi.org/10.1080/0143116042000274015

Delegido, ], Verrelst, ], Alonso, L., & Moreno, J.
(2011). Evaluation of sentinel-2 red-edge
bands for empirical estimation of green LAl and
chlorophyll content. Sensors, 11(7), 7063-7081.
https://doi.org/10.3390/s110707063

Demetriades-Shah, T. H., Steven, M. D., & Clark, J. A.
(1990). High resolution derivative spectra in
remote  sensing. Remote  Sensing  of
Environment, 33, 55- 64.
https://doi.org/10.1016/0034-4257(90)90055-Q

Elvidge,C.D., & Z.Chen.(1995). Comparison of broad-
band and near-infrared vegetation indices.
Remote Sensing of Environment,54, pp. 38-48.
https://doi.org/10.1016/0034-4257(95)00132-K

Fava,F. Colombo,R.,Bocchi,S. Meroni,M.,Sitzia,M. Fois
,N.et al.(2009). Identification of hyperspectral
vegetation indices for Mediterranean pasture

characterization. International Journal of
Applied Earth Observation and Geoinformation,
11,233-243.

https://doi.org/10.1016/j.jag.2009.02.003

Feng,W.Yao,X,Zhy,Y, Tian,Y.C, & Cao,W.X. (2008).

Monitoring leaf nitrogen status with
hyperspectral reflectance in wheat. Europe
Journal of Agronomy, 28,394-404.

https://doi.org/10.1016/j.eja.2007.11.005

109

Filella, I, & Pen’uelas, ]J. (1994). The red edge
position and shape as indicators of plant
chlorophyll content, biomass and hydric status.
International Journal of Remote Sensing, 15,
1459-1470.

Filella, I., Serrano, L., Serra, J., & Penuelas, J. (1995).
Evaluating wheat nitrogen status with canopy
reflectance indices and discriminant analysis.
Crop science, 35(5), 1400-1405.
https://doi.org/10.1080/01431169408954177

Fischer, R.A., (2001). Selection traits for improving
yield potential: In Application of physiology in
wheat breeding, Eds M.P. Reynolds, ].I. Ortiz-
Monasterio, A. McNab., Mexico:CIMMYT p. 148-
1159.

Gitelson, A. and Merzlyak, M.N. 1994b. Spectral
reflectance changes associate with autumn
senescence of Aesculus hippocastanum L. and
Acer platanoides L. leaves. Spectral features and
relation to chlorophyll estimation. Journal of
Plant Physiology, 143, 286-292.

Gitelson A.A. & Merzylak, M. N. (1996). Signature
analysis of leaf reflectance spectra: Algorithm
development for remote sensing.J.Plant Physiol.
148:493-500. https://doi.org/10.1016/S0176-
1617(96)80284-7

Gitelson, A. A, Gritz, Y., % Merzlyak, M. N. (2003).
Relationships between leaf chlorophyll content
and spectral reflectance and algorithms for non-
destructive chlorophyll assessment in higher
plant leaves. Journal of plant physiology, 160(3),
271-282. https://doi.org/10.1078/0176-1617-
00887

Gitelson, A. A, Keydan, G. P, & Merzlyak, M. N.
(2006). Three-band model for noninvasive
estimation of chlorophyll, carotenoids, and
anthocyanin contents in higher plant leaves.
Geophysical research letters, 33(11).
https://doi.org/10.1029/2006GL026457

Gupta, R.K, Vijayan, D. and Prasad, T.S. 2001. New
hyperspectral  vegetation characterization
parameters, Advances in Space Research, 28(1),
201-206, https://doi.org/10.1016/S0273-
1177(01)00346-5

Haboudane,D.j. R.Miller, N.Tremblay, P.J. Zarco-
Tejada, & L. Dextraze (2002). Integrated
narrow-band vegetation indices for prediction
of crop chlorophyll content for application to
precision agriculture. Remote Sensing of
Environment 81 (2-3):416-426.
https://doi.org/10.1016/S0034-4257(02)00018-4

Haboudane, D.Tremblay, N., Miller, J.R. & Vigneault,
P. (2008). Remote estimation of crop chlorophyll

Turkish Journal of Remote Sensing


https://doi.org/10.1080/014311698215919
https://doi.org/10.1016/S0034-4257(01)00332-7
https://doi.org/10.1016/S0034-4257(01)00332-7
https://doi.org/10.1016/S0303-2434(01)85038-8
https://doi.org/10.1016/0034-4257(89)90069-2
https://doi.org/10.1080/0143116042000274015
https://doi.org/10.3390/s110707063
https://doi.org/10.1016/0034-4257(90)90055-Q
https://doi.org/10.1016/0034-4257(95)00132-K
https://doi.org/10.1016/j.jag.2009.02.003
https://doi.org/10.1016/j.eja.2007.11.005
https://doi.org/10.1080/01431169408954177
https://doi.org/10.1016/S0176-1617(96)80284-7
https://doi.org/10.1016/S0176-1617(96)80284-7
https://doi.org/10.1078/0176-1617-00887
https://doi.org/10.1078/0176-1617-00887
https://doi.org/10.1029/2006GL026457
https://doi.org/10.1016/S0273-1177(01)00346-5
https://doi.org/10.1016/S0273-1177(01)00346-5
https://doi.org/10.1016/S0034-4257(02)00018-4

Turkish Journal of Remote Sensing - 2024; 6(2); 97-111

content using spetral indices derived from
hyperspectral data. [EEE Transactions on
Geoscience and Remote Sensing, 46, 423-437.
https://doi.org/10.1109/TGRS.2007.904836

Hansen, P. M., & Schjoerring, J. K. (2003). Reflectance
measurement of canopy biomass and nitrogen
status in wheat crops using normalized
difference vegetation indices and partial least

square regression.
https://doi.org/10.1016/S0034-4257(03)00131-7

Hatfield ].L., Gitelson,A.A., Scepers,j.s., & Walthall,C.L
(2008). Application of spectral remote sensing
for agronomic decisions. Agronomy Journal, 100,
117-131.
https://doi.org/10.2134/agronj2006.0370c

Herrmann, I., Pimstein, A., Karnieli, A, Cohen, Y.,
Alchanatis, V., & Bonfil, D. ]J. (2011). LAI
assessment of wheat and potato crops by VENuS
and Sentinel-2 bands. Remote Sensing of
Environment, 115(8), 2141-2151.

Jacobsen, A., K.B. Heidebrecht, A.A. Nielsen (1998):
Monitoring Grasslands Using Convex Geometry
and Partial Unmixing- a Case Study.
Proceedings of 1st EARSel Workshop on
Imaging Spectroscopy, Remote Sensing
Laboratories, University of Ziirich, Switzerland,
6-8 October. Eds. Michael Shaepman, Daniel
Schlépfer, Klaus Itten. Pp. 309-316.

Jensen A, Lorenzen B, Spelling-Ostergaard H &
Kloster-Hvelplund E. (1990). Radiometric
estimation of biomass and N content of barley
grown at different N levels. Int. ]. Remote Sens.
11:1809-1820.
https://doi.org/10.1080/01431169008955131

Maas, S. ], & Dunlap, ]J. R. (1989). Reflectance,
transmittance, and absorptance of light by
normal, etiolated, and albino corn leaves.

Agronomy Journal, 81(1), 105-110.
https://doi.org/10.2134 /agronj1989.00021962008
100010019x

Martinez, D.E. & Guiamet, ].J., (2004). Distortion of
SPAD 502 chlorophyll meter reading by
changes in irradiance and leaf water status,
INRA, EDP Sciences, Agronomie 24: 41-46.
https://doi.org/ 10.1051 /agro:2003060

Mauser, W., & Bach, H. (1994). Imaging spectroscopy
in hydrology and agriculture—determination
of model parameters. In: J. Hill, & ]J. Megier
(Eds.), Imaging spectrometry—a tool for
environmental observations ( pp. 261-283).
Dordrecht, The Netherlands: Kluwer Academic
Publishing. https://doi.org/ 10.1007/978-0-585-
33173-7 14

110

Miao,W. & Gastwirth, J. L (2009). A new two stage

adaptive nonparametric test for paired
difference. Statistics and Its Interface 2 213-
221. MR2516072.
https://dx.doi.org/10.4310/S11.2009.v2.n2.a11

Minolta. (1989). SPAD-502 owner’'s manual.
Industrial Meter Div. Minolta Corp., Ramsey,
N.J.

Myneni, R. B, & Williams, D. L. (1994). On the
relationship between FAPAR and NDVI. Remote
Sensing of Environment, 49, 200- 211.
https://doi.org/10.1016/0034-4257(94)90016-7

Penuelas ], Gamon JA, Freeden A, Merino | & Field C
(1994). Reflectance indices associated with
physiological changes in N and water-limited
sunflower leaves. Remote Sens. Environ.
46:100118. https://doi.org/10.1016/0034-
4257(94)90136-8

Penuelas, ], Filella, I, & Gamon, J. A. (1995).
Assessment of photosyn thetic radiation-use
efficiency with spectral reflectance. New
Phytolo gist, 131, 291-296.
https://doi.org/10.1111/j.1469-8137.1995.tb03064.x

Pefiuelas ], Baret F. Filella I. (1995a). Yaprak
spektral yansimasindan karotenoid klorofil-a
oranini degerlendirmek i¢in yari deneysel
endeksler . Photosynthetica 1995 , 221-230.
https://doi.org/10.1007 /BF00029464.

Pefiuelas ]., Filella I, Lloret P., Oz FM, Vilajeliu M.
(1995b). Elma agaclarindaki akar etkilerinin
yansima degerlendirmesi . Int. ]. Remote Sens.
16,2727-2733.
https://doi.org/10.1080/01431169508954588

Pefiuelas, ], & Filella, I. (1998). Visible and near-
infrared reflectance techniques for diagnosing
plant physiological status. Trends in plant
science, 3(4), 151-156.
https://doi.org/10.1080/01431169508954588

Roujean, J. L., & Breon, F. M. (1995). Estimating PAR
absorbed by vegetation from bidirectional
reflectance measurements. Remote Sensing of
Environment, 51, Issue 3, 4257(94)00114-3.
https://doi.org/10.1016/0034-4257(94)00114-3

Serrano, L., Filella, 1., & Penuelas, ]. (2000). Remote
sensing of biomass and yield of winter wheat
under different nitrogen supplies. Crop Science,
40, 723-731.
https://doi.org/10.2135/cropsci2000.403723x

Smith RCG, Adams J., Stephens D] ve Hick PT, NOAA
uydusundan Akdeniz tipi bir ortamda bugday
veriminin tahmini, Avustralya Tarim
Arastirmalar1 Dergisi. ( 1995) 46, no. 1,113 -
125,2-s2.0-0028971783,
https://doi.org/10.1071/AR9950113 .

Turkish Journal of Remote Sensing


https://doi.org/10.1109/TGRS.2007.904836
https://doi.org/10.1016/S0034-4257(03)00131-7
https://doi.org/10.2134/agronj2006.0370c
https://doi.org/10.1080/01431169008955131
https://doi.org/10.2134/agronj1989.00021962008100010019x
https://doi.org/10.2134/agronj1989.00021962008100010019x
https://dx.doi.org/10.1051/agro:2003060
https://dx.doi.org/10.4310/SII.2009.v2.n2.a11
https://doi.org/10.1016/0034-4257(94)90016-7
https://doi.org/10.1016/0034-4257(94)90136-8
https://doi.org/10.1016/0034-4257(94)90136-8
https://doi.org/10.1111/j.1469-8137.1995.tb03064.x
https://doi.org/10.1007/BF00029464
https://doi.org/10.1080/01431169508954588
https://doi.org/10.1080/01431169508954588
https://doi.org/10.1016/0034-4257(94)00114-3
https://doi.org/10.2135/cropsci2000.403723x

Turkish Journal of Remote Sensing - 2024; 6(2); 97-111

Thenkabail, P. S., Smith, R. B., & de Pauw, E. (2001).
Hyperspectral vegetation indices and their
relationships with agricultural crop charac
teristics. Remote Sensing of Environment, 71,
158-182. https://doi.org/10.1016/S0034-
4257(99)00067-X.

Waldner, F., Fritz, S., Di Gregorio, A., & Defourny, P.
(2015). Mapping priorities to focus cropland
mapping activities: Fitness assessment of
existing global, regional and national cropland
maps. Remote Sensing, 7(6), 7959-7986.
https://doi.org/10.3390/rs70607959.

White, |. D., Trotter, C. M., Brown, L. ]J., & Scott, N.
(2000). Nitrogen concentration in New Zealand
vegetation foliage derived from labora tory and
field spectrometry. International Journal of
Remote Sensing, 21, 2525-2531.
https://doi.org/10.1080/01431160050030628.

Yadava, U.L, (1986). A rapid & nondestructive
method to determine chlorophyll in intact
leaves, HortScience 21:1449-1450.

Yi-Hui, L. (2007). Evolutionary neural network
modeling for forecasting the field failure data of
repairable systems. Expert Systems with
Applications, 33(4), 1090-1096.
https://doi.org/10.1016/j.eswa.2006.08.032.

Yoder, B. ], & Pettigrew-Crosby, R. E. (1995).
Predicting nitrogen and chlorophyll content
and concentrations from reflectance spectra
(400 2500 nm) at leaf and canopy scales.
Remote Sensing of Environment, 53, 199-211.
https://doi.org/10.1016/0034-4257(95)00135-N

Zarco-Tejada, P.J., Berjon, A. Lodpez-Lozano, R,
Miller, J.R., Martin, P., Cachorro, V., Gonzalez, M.,
De Frutos, A, 2005. Assessing vineyard
condition with hyperspectral indices: Leaf and
canopy reflectance simulation in a row-
structured discontinuous canopy. Remote
Sens.  Environ. 99 (3), 271-287.
https://doi.org/10.1016/j.rse.2005.09.002

® @ © Author(s) 2024.
This work is distributed under https://creativecommons.org/licenses/by-sa/4.0/

111 Turkish Journal of Remote Sensing


https://doi.org/10.1016/S0034-4257(99)00067-X
https://doi.org/10.1016/S0034-4257(99)00067-X
https://doi.org/10.3390/rs70607959
https://doi.org/10.1016/j.eswa.2006.08.032
https://doi.org/10.1016/0034-4257(95)00135-N
https://creativecommons.org/licenses/by-sa/4.0/

Arastirma Makalesi/Research Article 2024; 6(2); 112-121
https://doi.org/10.51489/tuzal. 1567394

Turkish Journal of Remote Sensing

https://dergipark.org.tr/en/pub/tuzal

E-ISSN 2687-4997

Production of WebGL Based Digital Documentation of Ponte Molino Gate From Point

Cloud

Biisranur Giivercin*!

, Kasim Erdal 1'~, Hasan Bilgehan Makineci 1'*' , Alberto Guarnieri?

1Konya Technical University, Faculty of Engineering and Natural Sciences, Konya, Tiirkiye
2University of Padua, CIRGEO-Interdepartmental Research Center of Geomatics, Padova, Italy

Keywords
Cultural Heritage
Documentation
WebGL

Octree

ABSTRACT

In recent years, the rapid presentation and sharing of data obtained through photogrammetric
techniques have gained significant importance in digital documentation projects. This study
focuses on the digital documentation of the historically significant Ponte Molino Gate in
Padova, Italy. Dating back to 40-30 BC, this structure was scanned using a terrestrial laser
scanner (TLS), resulting in the creation of a comprehensive point cloud. The obtained data was
visualized using Potree, a WebGL-based software, and prepared for online presentation. The
study highlights Potree's capabilities in processing and visualizing point cloud data within a
hierarchical structure, as well as its advantages in facilitating the virtual sharing and
interactive exploration of cultural heritage assets. This approach demonstrates broad
application potential in fields such as GIS, terrain modeling, and urban planning. The results
indicate that Potree effectively reduces point cloud data size by 80% while retaining its
hierarchical structure, thereby enabling efficient visualization and presentation. The findings
also show that the data was reduced to a minimal file size for online accessibility, improving
the preservation and accessibility of cultural heritage by 60%.

Ponte Molino

Kapisinin Nokta  Bulutundan WebGL Tabanhi  Dijital

Dokiimantasyonunun Uretimi

Anahtar Kelimeler:
Dokiimantasyon
Kiiltiirel Miras
Octree

WebGL

0z

Son yillarda fotogrametrik tekniklerle elde edilen verilerin dijital dokiimantasyon projelerinde
hizh bir sekilde sunulmasi ve paylasilmasi bilyiik énem kazanmistir. Bu calismada, Italya'nin
Padova sehrindeki tarihi 6neme sahip Ponte Molino Kapisi’'nin dijital dokiimantasyonu
yapilmistir. MO 40-30 yillarina tarihlenen bu yap, bir yersel lazer tarayici (TLS) ile taranmis
ve kapsamli bir nokta bulutu olusturulmustur. Elde edilen veriler, Potree yazilimi kullanilarak
WebGL tabanli bir ortamda gorsellestirilmis ve ¢evrimi¢i sunum i¢in uygun hale getirilmistir.
Calisma, Potree’nin nokta bulutu verilerini hiyerarsik bir yapida isleme ve gorsellestirme
yeteneklerini, ayrica kiiltlirel miras varliklarinin sanal ortamda paylasilmasi ve etkilesimli
olarak incelenmesi i¢in sundugu avantajlar1 ortaya koymaktadir. Bu yaklasim, GIS, arazi
modelleme ve kentsel planlama gibi alanlarda genis bir uygulama potansiyeline sahiptir.
Calismanin sonuglari, Potree’nin nokta bulutu verilerini %80 oraninda kiigiilterek hiyerarsik
bir yapida isleme ve gorsellestirme yeteneklerini, ayrica kiiltiirel miras varliklarinin sanal
ortamda paylasilmasi ve etkilesimli olarak incelenmesi i¢in sundugu avantajlar1 ortaya
koymaktadir. Sonuglar, elde edilen verilerin diisiik dosya boyutuna indirgenerek ¢evrimici
erisilebilir hale getirildigini ve bu siirecin kiiltiirel mirasin korunmasi ile erisilebilirligini %60
daha verimli kildigin1 géstermektedir.
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1. INTRODUCTION

In recent years, the easy, practical, rapid
presentation and sharing of data obtained through
photogrammetric methods have become the subject
of many research studies. Data presentation and
sharing are crucial in digital twins, historical
artifacts documentation and smart city projects
(Amirebrahimi, Rajabifard, & Sciences, 2012; de
Kleijn etal., 2024; Dos & Yigit, 2023; Jung et al., 2024;
La Guardia & Koeva, 2023; Makineci & Erdal, 2021;
Nguyen, Nguyen, Vo-Lam, Nguyen, & Tran, 2016). In
this context, web-based applications developed to
visualize and share data effectively have enabled
such data to be easily, practically, and rapidly
presented and shared. Additionally, with the
contributions of the web graphics library (WebGL),
these applications have the potential to simplify the
understanding of complex datasets, enhance project
management, and improve overall efficiency (Drap,
Grussenmeyer, Gaillard, Curtinot, & Seinturier,
2004). WebGL allows for the rapid processing of data
that cannot fit into memory directly within a
browser, enabling software in this field to provide
impressive and interactive visualizations (Drap etal.,
2004; Kleparnik & Sedlacek, 2021).

The presentation of documented cultural
structures and artifacts to users in quick and
practical ways is as important as the documentation
process itself. In a sample study, a historical cultural
structure was documented using photogrammetric
techniques. Following the cultural documentation
process, a WebGL-based virtual tour platform was
created to share the obtained data and present all
architectural details comprehensively. This platform
was made available to users and shared for use in
other studies (Fascia, Barbieri, Gaspari, Ioli, & Pinto,
2024). There are many studies similar to this one.
The common factor among these studies is their use
of self-developed WebGL-based platforms and
applications (Kleparnik & Sedlacek, 2021; Szujo,
Biber, Gal, & Szab6, 2023). Another sample study
reviewed the creation of a 3D model, point cloud
data, and 360° imagery of a cultural heritage artefact
using photogrammetric techniques. The data
obtained was successfully shared online using the
Potree application. The study highlighted that the
application effectively facilitates the online sharing
of 3D models and point cloud data. Additionally, it
emphasized that this WebGL-based visualization is
a fast and practical WebGL-based application,
particularly noting the benefits of adding images,
annotations, and details to the model (Apollonio,
Fantini, Garagnani, & Gaiani, 2021). Also, in various
studies related to Geographic Information Systems
(GIS), cultural heritage documentation, virtual tours,
and similar objectives, This application has been
frequently employed for sharing obtained data
online without the need to develop a WebGL
platform (Nguyen et al., 2016; Sadnchez-Aparicio et
al, 2020). Potree, a web-based visualization tool
built on WebGL technology and completed in 2016,
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enables the easy visualization and presentation of
large-scale point clouds and 3D model datasets
within a browser. The application offers both online
use in WebGL format and offline use through a
desktop version. Potree can be quickly utilized by
downloading its open-source library and completing
the installation steps. This software is user-friendly,
allowing even those with limited experience in 3D
navigation to use it effectively. It simplifies the
process further with dynamic annotations and
predefined animations applied to the datasets.
Additionally, a distinguishing feature of the software,
compared to other WebGL software, is the ease of
use of its technical tools, such as measurement and
cross-section capabilities (Gaspari et al., 2023; Jung
et al., 2024; Martinez-Rubi et al., 2015; Markus
Schiitz, 2015).

The primary operational principle of the
application is its ability to handle extensive memory-
intensive data. This capability relies on Potree's use
of a modifiable nested octree (MNO) structure. The
modifiability of this structure refers to the dynamic
use and scalability of the data organization. One of
the main reasons application employs the MNO
structure is to progressively organize the dataset,
thereby providing users with a more effective way to
explore and examine large-scale point clouds
(Markus Schiitz, 2015).

The unique features offered by the Potree
application enable its broad applicability across
various fields, such as GIS, terrain modeling, urban
planning, and archaeology. The application has
become a significant tool for experts and researchers
working with large-scale datasets (Markus Schiitz,
2015). Potree's areas of application support more
effective analysis and sharing of data produced
through photogrammetric techniques, thereby
enhancing the potential of this technology (Carey,
Romero, Laefer, & Sciences, 2021; de Kleijn et al,,
2024; Fascia et al., 2024),

In contemporary times, the preservation and
accurate documentation of historical, artistic, and
architectural cultural artifacts are directly
dependent on digital documentation processes
(Fascia et al, 2024). Additionally, after the
completion of the digital documentation process for
cultural artifacts, the creation of digital archives,
their accessibility to various users, and the ongoing
maintenance of these archives are of great
importance (Apollonio et al, 2021; Fascia et al,,
2024; Quintilla-Castan, Martinez-Aranda, & Agustin-
Herndndez, 2022). For the purpose of ensuring that
information about digitally documented cultural
artifacts is quickly and easily accessible and to serve
as aresource for scholars, architects, and restoration
experts, the digital documentation of cultural
artifacts is shared using software and platforms
based on WebGL technology (Apollonio et al.,, 2021;
Dall’Asta, Leoni, Meschini, Petrucci, & Zona, 2019;
Masciotta et al., 2021; Sdnchez-Aparicio et al., 2020).
This situation facilitates the management and
maintenance of cultural artifacts and additionally
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provides significant support in the planning and
monitoring of research activities related to cultural
heritage (Fascia et al.,, 2024).

Sharing digitally documented cultural artifacts
on software and platforms built on WebGL
technology offers numerous advantages. However,
the problems and challenges encountered during
this process are essential areas that require
investigation (Apollonio et al, 2021; Boutsi,
loannidis, & Soile, 2019; Szuj6 et al.,, 2023). The
challenges faced in presenting and sharing large-
scale data, the complex stages involved, and the
encountered errors can adversely affect the process.
This study aims to contribute to and share the
digitally documented Ponte Molino Gate, located in
Padova, Italy, using Potree. The primary reason for
selecting Ponte Molino Gate for this study is its
historical significance, dating back to 40-30 BC,
making it one of the significant historical artifacts
from the Roman period that still exist today. This
gate, integrated with a bridge, is one of the two gates
from the Roman era that is still actively used today,
adding to its value. In line with this aim, the study
seeks to examine in detail the working principles and
internal dynamics of the Potree application, identify
key considerations in the stages of presenting and
sharing digital documentation using Potree, address
potential errors, and assess the advantages and
disadvantages.

2. MATERIAL AND METHOD

Ponte Molino Gate stands as one of the most
significant medieval historical monuments in Padova
(see Figure 1). Currently in active use, the gate and
the adjacent bridge derive their name from the 34
watermills that floated on the river in the 1300s.
Although these watermills were removed between
1883 and 1884, the historical structure of the Ponte
Molino Gate and Bridge has been preserved. This
gate, standing 26 meters high, is estimated to have
been constructed around 40-30 BC. Despite being
damaged numerous times, it has been rebuilt using
original materials. Ponte Molino Gate and Bridge are
one of the two remaining bridges from the Roman
era that are still in use today. Aside from providing
access to one of the city’s main roads, one of the
primary purposes for constructing this gate was for
defence, evidenced by its oval arch with a strong
tower. The historical significance and narrative of
the gate extend beyond this. According to an
inscription by Carla Leoni (1812-1874), a figure
known for her writings on Padova's walls, it is said
that Galileo observed the skies and saw Jupiter's four
moons from the tower of Ponte Molino Gate. To
ensure the preservation and transmission of this
important cultural heritage to future generations,
producing a digital twin and documenting the gate is
essential. In this context, Ponte Molino Gate was
scanned using a terrestrial laser scanner (TLS).
Following the scanning process, a point cloud of the
historic gate was obtained through data processing.

Upon examining the point data of the historic gate, it
was determined that the architectural details of the
gate were clearly understandable and sufficient for
the digital documentation process. To present and
share the obtained 3D point cloud, the data of Ponte
Molino Gate was transferred to software.

2.1. Web-Based Visualization Tool

Together with technological advancements in
3D web-based visualization and editing applications,
the process of digital documenting and sharing of
important structures has rapidly become
widespread (Amirebrahimi et al., 2012; Nguyen et
al, 2016). Web-based visualizations facilitate the
increase and spread of virtual environments such as
e-museums, virtual education platforms, and
simulation studies, and the use of 3D models
contributes to these applications (Makineci & Erdal,
2021). Additionally, virtual tour applications and
panoramic videos also aid in enriching virtual
environments through visualization technologies.
This allows users to visit various locations,
experience realistic simulations in a virtual setting,
and interactively explore content (Boutsi etal., 2019;
Schultz, Kerski, & Patterson, 2008).

Potree is a JavaScript 3D web viewer that
enables the rendering of large point clouds and
provides features such as interaction with 3D
objects, predefined views, measurements, and cross-
sections. This viewer allows users to share and
visualize point cloud data in various formats,
including popular 3D file formats such as LAS, LAZ,
PTX, and PLY. The core structure of the viewer
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consists of measurement tools, object views, filter
tools, and controls. Additionally, georeferenced
annotations are one of Potree's key features,
enabling the definition of the position and title of a
label within the 3D scene (Gaspari et al., 2023;
Markus Schiitz, 2015). Another significant feature of
the application is the ability to select different point
attributes for visualization. This feature provides a
considerable advantage in the rapid web-based
visualization and presentation of point clouds or 3D
models within a single application for various
studies and purposes. Additionally, it allows for the
integration of spatially distributed technical data
into the 3D point cloud, making it useful for
conservation and management projects involving
digital inventories (Gobbetti & Marton, 2004;
Markus Schiitz, 2015).

In this study, the point cloud obtained from the
TLS of the Ponte Molino Gate was uploaded to the
web-based visualization program Potree (Figure 2).
Also, Figure 3 shows the visualization of the Ponte
Molino Gate using different point attributes on the
application.

Figure 3. Point attribute coloring (A: RGB, B:
Elevation C: Level of detail)

2.2. Method

The primary principle of web-based
visualization tools hinges on their ability to handle
large datasets that do not fit into memory. Potree
achieves this capability through its hierarchical
octree structure. Potree's octree structure is based
on a modifiable hierarchical octree, although it does
not provide the functionality to modify the point
cloud structure. This section will discuss the
operational principle of the visualization tool. Before
examining the Potree Octree Structure, it is
necessary to review the Modifiable Nested Octree,
which forms the foundation of this structure.

Figure 2. Potree user interface

2.2.1. Modifiable Nested Octree (MNO)

The Modifiable Nested Octree (MNO) structure
is a hierarchical data structure that organizes a point
cloud by subdividing it into smaller, structured
subsamples. At the upper levels of the octree, nodes
represent larger spatial volumes with lower point
densities, like dividing a large room into broad zones.
As the hierarchy progresses to deeper levels, the
spatial volume of each node decreases and the points
within these nodes become more concentrated,
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similar to further dividing each zone into smaller,
detailed sections (Markus Schiitz, Ohrhallinger, &
Wimmer, 2020).

The MNO operates using a nested 128-cell
three-dimensional grid to generate these
subsamples. Initially, all points are assigned to the
root node and each pointis allocated to the point first
grid cell it occupies. For example, imagine placing
marbles into a grid where each cell represents a
small compartment; each marble is assigned to the
firstcompartment it touches. If a cell already
conntains points and the node’s total point count is
below a predefined thereshold, new points are
added to this cell. Instead of creating a new grid for
every filled cell, a filled array is used to store point
data efficiently. This prevents the unnecessary
creation of sub-nodesi thereby reducing memeory
usage and speeding up the processing (Scheiblauer,
Wimmer, & Graphics, 2011).

2.2.2. Potree’s Octree Structure

Potree creates a specialized data structure to
efficiently handle large amounts of 3D point clouds.
The core data structure of Potree is the "Octree." This
octree structure hierarchically organizes three-
dimensional space (Guarnieri, Vettore, & Pontin,
2005). This structure creates a bounding cell at the
general boundaries of large 3D point clouds. This cell
must encompass the entire point cloud. The
minimum and maximum coordinate values along the
X, ¥, and z axes are determined and fixed for this
bounding cell. The bounding cell is then divided into
eight equal subcells, enabling fast access and
visualization. This hierarchical division continues
until the data is partitioned into smaller cells
(Markus Schiitz, 2015). As a result, each point in the
point cloud is placed into a cell within the octree
structure, with each cell containing its assigned
bounding cell and a list of the points it contains
(Figure 4). Thus, the point cloud is represented in a
hierarchical structure (M. Schiitz & Wimmer, 2015).

The cells constitute the parts, with each part
representing a node. At each level, as the size of a
node decreases, the point density increases (La
Guardia & Koeva, 2023; Rusinkiewicz & Levoy,
2000). Each node can be processed independently,
providing a suitable structure for parallel
computations. The ability to independently process
cells and form parts offers a performance advantage
in visualizing and presenting large point clouds
(Rusinkiewicz & Levoy, 2000; Markus Schiitz, 2015;
Wand et al,, 2007).

Figure 5 illustrates how the Potree Octree
structure is applied to the point cloud. This figure
visually explains how the point cloud is subdivided
into the octree structure and how each cell is
organized.
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(¢) Level 2 (d) Level 3
Figure 4. Placing each point of the point cloud into
the cell of the octree structure (Markus Schiitz,
2015)

(c) Level 2
Figure 5. Application of Potree Octree Structure to
Point Cloud

(d) Level 3

If a node contains a large number of points, the
Potree Octree Structure divides the node into
smaller parts. If the number of points within the
node is small, the node is not further subdivided.
Larger nodes represent general boundaries and
contain more minor, more specific nodes. This
arrangement provides a level of detail (LOD)
mechanism. The LOD dynamically adjusts the level of
detail by adding or removing nodes based on the
viewer's distance to the area being visualized. A
more general view is presented as the viewer zooms
out while zooming in reveals more details
(Scheiblauer, 2014). Thus, Potree optimizes
performance and provides a faster experience for
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users when processing and visualizing large point
clouds. Rapid rendering is significant during the

3. APPLICATION AND DISCUSSION
3.1. Application

The study presents the WebGL-based digital
documentation of the Ponte Molino Gate in two

process of interactively navigating through point
data (Wimmer & Scheiblauer, 2006).

stages. In the first stage, the point cloud data was
processed using a Potree Converter and converted
into the octree structure of the Potree application. In
the second stage, the processed data was transferred
to a free web hosting platform, making it ready for
online presentation (Figure 6).

DATA
COLLECTION
AND
PREPARATION

.0
) SETUP
(d.._ ootree.bin Q—-\‘ REQUIREMENTS
—
(=]

DATA

metadatajson 0

—

hlerarchy.bin

Figure 6. Workflow chart
3.1.1. Conversion of Data into Octree Structure

The Potree application's working principle
requires converting the original point cloud into an
octree structure, within which the data are
hierarchically organized, enabling quick access and
efficient processing.

The transformation of the point cloud into an
octree structure is accomplished using the Potree
Converter. This tool processes, organizes and
configures the data to be compatible with the data
structures used by Potree, employing various
parameters for optimal performance. As an integral
part of the workflow, correct configuration and
parameter choice in the Potree Converter are crucial
for effective visualization of data within the Potree
application. The conversion process using the
Converter can be conducted in two ways.

The first conversion is performed using the
desktop version of Potree, which includes the
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Converter. Once the installation is complete, the
point cloud data is processed using this tool, which
automatically generates the files octree.bin,
metadata.json and hierarchy.bin.

In the second -conversion method, the
transformation process is conducted using the
command line. For this process, it is sufficient to
install Potree Converter and run it via the command
line. The point cloud data is processed using the
following command (1), which generates the
octree.bin, metadata.json, and hierarchy.bin files:

PotreeConverter /path-to-pointcloud-
file/pointcloud.las -o /path-to-output-directory

In both methods, after the conversion process,
an HTML file is created using the command line to
facilitate the presentation of the data. This can be
done with the following command (2):
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PotreeConverter.exe/path-to-pointcloud-file/
pointcloud.laz/pointcloud.las -o /path-to-output-
directory --generate-page YourPageName

The resulting octree.bin, metadata.json,
hierarchy.bin files, along with the generated HTML
file, are then ready for online presentation. This
setup ensures that the converted point cloud data
can be effectively visualized and shared through the
web using Potree.

3.1.2. Online Presentation of Data

One of the key features of the Potree application
is its ability to present data online. Since Potree is
web-based, the data is accessible through a web
browser. Users can easily access and examine high-
resolution point clouds and 3D models. The online
presentation of data facilitates project sharing and
collaboration. After the data is converted into an
octree structure, it is transferred to a platform
offering free web hosting services to ensure easy
sharing with other users, allowing the model to be
presented online.

Upon completing the processing steps, the
Ponte Molino Gate was successfully transferred to
the Potree application and shared online on the
Potree platform. The cultural documentation data
for Ponte Molino Gate can be accessed at
http://potree.altervista.org/test/ PortaM.html (see

Figure 7).

Properties

5] ", ’ e
Figure 7. Online presentation of the Ponte Molino
Gate

3.2. Discussion

The Potree application and platform is a
significant web-based visualization tool that allows
users to easily visualize and present large-scale
datasets in a browser. It is noted for providing a
robust and user-friendly platform for the effective
presentation of 3D data. The features offered by
Potree are highlighted for their broad applicability
across various fields, such as GIS, terrain modelling,
urban planning, and archaeology (Carey et al., 2021;
de Kleijn et al., 2024; Nguyen et al,, 2016; Szuj6 et al,,
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2023). Within the scope of this study, the 3D model
of the Ponte Molino Gate was shared online on the
Potree platform. Considering the data used in this
study, it is evident that its application can be
expanded to cover a broader area. In similar studies,
cultural heritage data has been evaluated on a wide
scale, and it has been emphasized that one of the
significant advantages provided by Potree is the
inclusion of information and visuals related to
cultural heritage. Additionally, in similar studies, the
Potree platform has been integrated into a web
browser specifically designed for cultural heritage,
and the data has been presented to users online
through this website (Apollonio et al., 2021; Boutsi
etal, 2019; de Kleijn et al.,, 2024; Fascia et al., 2024).
In future stages, it is anticipated that, as with other
studies, presenting the Ponte Molino Gate on a
dedicated website on a large scale will play a crucial
role in reaching a wider audience for the cultural
documentation of the Ponte Molino Gate.

The file sizes of TLS data present numerous
challenges in terms of data presentation and sharing.
One of the primary advantages of visualizing point
clouds in a web browser is that users can share
datasets without the need to install third-party
applications or transfer large amounts of data. Laser
scanning data obtained through WebGL-based
platforms have been available online to users.
However, specific information about file sizes and
data transfer rates has not been disclosed. Potree
focuses on large point clouds and provides users
with tools for examining, analyzing, and verifying
raw point cloud data using various measurement
tools. Furthermore, the size of the LAS file before
conversion was 19,713 KB. At the same time, the
metadata.json file size after conversion decreased to
4 KB. Potree offers advantages over other WebGL-
based platforms in terms of data size and data
processing speed (Fascia et al., 2024; Markus Schiitz
etal, 2020).

4. CONCLUSION

The digital documentation of the Ponte Molino
Gate using Potree serves as an effective approach to
preserving and sharing cultural heritage. Potree’s
hierarchical octree structure efficiently processes
and visualizes large point cloud datasets, making it a
robust tool for fields that require detailed 3D
modeling. Its ability to render point clouds in real
time reduces loading times, significantly enhancing
the user experience when working with extensive
datasets. Additionally, its highly accurate
measurement capabilities provide valuable support
for precise analyses. However, its reliance on the
graphics processing unit (GPU) during rendering
poses a limitation for users with older hardware.
Moreover, its visualization capabilities are restricted
to point clouds, which may not meet the needs of
projects that demand more versatile visual solutions.

This study highlights the significance of Potree’s
WebGL-based structure in improving the
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accessibility and usability of complex datasets.
WebGL technology plays a crucial role in this process
by operating directly through web browsers without
requiring external plugins or software, enabling
users to access and interact with the application
effortlessly. Its ability to render graphics in real time
provides immediate feedback, resulting in a
smoother and more responsive experience.
Additionally, WebGL’s compatibility with various
operating systems and devices allows Potree to cater
to a broad audience. The web-based nature of Potree
also facilitates easy sharing and distribution,
extending the reach and accessibility of the project.
These features present an innovative method for
quickly and easily transferring many cultural
heritage sites into the digital realm. As a WebGL-
based point cloud viewer, Potree ensures that large
datasets can be easily shared and accessed over the
internet, facilitating collaboration among
researchers and professionals.

Moreover, during the conversion process,
Potree significantly reduces the size of datasets. For
instance, the size of the original LAS file, which was
19,713 KB, was reduced to just 4 KB in the resulting
metadata.json format. This reduction not only
facilitates efficient storage but also enables faster
data sharing and processing.

Potree’s real-time rendering capabilities also
allow for the rapid and efficient visualization of large
point cloud datasets, which is particularly beneficial
in fields such as architecture, engineering, and
construction where quick and accurate project
evaluations are crucial. In the realm of education and
research, Potree offers students and researchers a
deeper, hands-on learning experience by allowing
them to analyze and visualize complex datasets.
Moreover, the high-precision measurement and
analysis features of Potree provide valuable support
for data scientists and engineers in performing
detailed and reliable analyses, contributing to more
efficient project management.

Looking ahead, Potree’s ongoing development
as an open-source project holds the potential for
further technological advancements and feature
enhancements. This positions Potree to better meet
user needs and adapt to new technological trends in
the future. Future research will focus on addressing
challenges in data presentation and sharing, further
optimizing WebGL’s integration within Potree to
improve performance, and expanding visualization
capabilities beyond point clouds to meet the evolving
demands of digital documentation projects.
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Anahtar Kelimeler:
Arena Simiilasyon Modeli
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0z

Depremler, canli yasamini ciddi sekilde etkileyebilen dogal felaketlerdir. Zemin 6zelliklerine
bagh olarak degiskenlik gostermekle birlikte, baz1 durumlarda deprem siddeti nedeniyle
o6nemli can ve mal kayiplari meydana gelebilir. Literatiirdeki c¢alismalara bakildiginda
depremleri 6nceden belirlemek miimkiin olmamaktadir. Fakat, afet yontemi ¢alismalarinin
dogru planlanmasi ile maddi hasarlar ve sosyo-ekonomik kayiplar en aza indirgenebilir. Afet
yonetimi kapsaminda risk yonetimi ve kriz yonetimini iyi bir sekilde planlamak toplumun
olumsuz yonde etkilenmesini azaltarak kaynaklarin dogru kullanilmasi hedefini gézeten bir
yaklagimdir. Bu noktada en biiyiik gérev bolge yoneticilerine diismektedir. Ulkemizde
afetlerden kaynaklanan can ve mal kayiplarinda énemli bir rol oynayan depremlere ydnelik
afet yonetimi ¢alismalarinda, olas1 depremler i¢in senaryolar gelistirilmektedir. Bunun igin,
stokastik temellere dayanan ve kurgusal yapiya sahip iki ana yaklasim kullanilmaktadir. Bu
calisma kapsaminda Tiirkiye'nin artan niifus ve sanayi potansiyeline sahip Aksaray ilinin
merkez ilcesindeki 11 mahalle i¢in deprem senaryosu iiretilmistir. Senaryonun tiretilebilmesi
icin stokastik temelleri olan kurgusal yontem kullanilarak ARENA simiilasyon modeli
olusturulmustur. Ayrica modelden elde edilen verilerle iiretilen senaryonun sonuglari
kullanilarak Aksaray ili i¢in ilk defa detayl bir triyaj tahmin analizi yapilmistir. Simiilasyon
modeli olusturulurken ilgili mahallelerin zemin profil bilgisi, bina kat sayilar1 ve mahallelerin
niifus sayilar1 arasindaki iliski degerlendirilerek olasi hasar ve kayip tahmini yapilmistir.
Simiilasyon tabanli deprem senaryosundan elde edilen sonuglara gore yapilan triyaj analizi,
5,1 Mw biyiikligiindeki olasi bir depremde can kaybi sayisinin (T4) 0 iken, 6,5 Mw
biiytikliigiindeki olasi bir depremde 705 olacagini ve niifusun yaklasik %0,70'inin depremden
etkilendigini gdstermektedir.

Creating an Earthquake Scenario Using a Simulation Model and Triage Prediction
Analysis for Aksaray Province

Keywords:

Arena Simulation Model,
Disaster Management,
Risk management,
Tiirkiye,

Central Anatolia

ABSTRACT

Earthquakes are natural disasters that can severely impact living conditions. While their
effects may vary depending on the characteristics of the ground, in some cases, significant loss
of life and property damage can occur due to the intensity of the earthquake. According to
studies in the literature, it is not possible to predict earthquakes in advance. Proper planning
of disaster management strategies can minimize material damage and socio-economic losses.
Effective risk and crisis management planning aims to reduce societal impact while ensuring
efficient resource use. The primary responsibility lies with regional managers, who develop
earthquake scenarios to manage the significant loss of life and property caused by
earthquakes. To achieve this, two main approaches based on stochastic foundations and
fictional structures are used. In this study, an earthquake scenario has been developed for the
11 neighborhoods in the central district of Aksaray, a province with increasing population and
industrial potential in Turkey. A stochastic-based fictional method was used to create an
ARENA simulation model for generating the earthquake scenario. Using the model's data, a
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detailed triage prediction analysis was conducted for Aksaray province for the first time. The
model considered factors such as ground profiles, building heights, and population numbers
to estimate potential damage. The results showed thatin a 5.1 Mw earthquake, there would be
no casualties (T4), while a 6.5 Mw earthquake would result in 705 casualties, affecting
approximately 0.70% of the population.

1. GiRis

Depremler kokeni yerin icinde olan ve
kirilmalar sebebiyle aniden olusan titresimlerin
dalgalar seklinde yayilmasi ile can ve mal kaybina
sebep olduklarindan insanlar1 ¢ok korkutan dogal
afetlerden biridir. Deprem meydana geldiginde
bolgeye verecegi hasar ve kayip, jeolojik faktorler,
yapisal faktorler ve sosyo-ekonomik faktérlerle
dogrudan iliskilidir.

Depremler basta olmak {izere, {ilkemizde
meydana gelebilecek doga kaynakh afetlerin
zararlarini azaltmak icin yapilmasi gereken

faaliyetler bulunmaktadir. Bunlar; risk yonetimi ve
kriz yonetimi altinda degerlendirilebilir (Gerdan,
2021). Deprem o6zelinde bakildiginda, risk yonetimi,
deprem meydana gelmeden 6nce varolan tehlike ve
risklerin belirlenmesi, depremin tahmini ve erken
uyari sistemleri, 6nlem alma, kurtarma, tahliye, ilk ve
acil yardim planlar1 ve depreme hazirlikli olma
¢alismalarindan olusmaktadir. Kriz yonetiminde ise
deprem sonrasi hizli miidahale ve iyilestirme
evresinde yapilacaklar 6n plana ¢ikar. Risk ve kriz
yonetimin temel hedefi afet kaynakli ortaya
¢ikabilecek zarar1 en aza indirmektir. Afet 6ncesi,
sirasi ve sonrasini kapsayan bu asamalarin etkin bir
sekilde strdiiriilebilmesi icin, olasi bir afet sonrasi
zararin tahmin edilerek buna yonelik senaryolar
olusturulmasi afet yonetimi ¢alismalarinda siklikla
kullanilan bir yontemdir (Kaya & Yildirim, 2012).
Literatiirde deprem senaryosu olusturmak igin
deterministik, stokastik ve kurgusal yodntemler
kullanilmaktadir. Deterministik yontemde, doga
kaynakli  afet  tehlikesi  olasiik  temeline
dayandirilmadan, siddet, ivme ve hiz gibi belirsizlik
bulundurmayan matematiksel bir tanim kullanilarak
olusturulur (Jica, 2002; Kiigiikcoban, 2004). Bu
yontem ile deprem senaryosu olusturulacak ise diri
fay hatlar1 ve bu faylarin iiretebilecegi en biiyiik
deprem biiyiikliigii belirlenir. Bu faylarin konuma
olan minimum mesafe hesaplanir. Sonrasinda
belirlenen bolgede depremin olusacagl varsayimi
yapilarak, depremin maksimum yaratabilecegi yer
hareketi verileri belirlenir (Ozmen & Can, 2016).
Stokastik  yontemler kullanilarak olusturulan
deprem senaryolarinda ise hasar yapict bir
depremin belli bir konumda ve belli bir zaman
diliminde meydana gelme olasilig1 belirlenmeye
calisilir (Crozi vd. 2005). Bir diger yontem olan
kurgusal yontemde ise olas1 depremin etkileri sosyal
olarak ifade edilir. Diger bir ifade ile bu yontem
matematiksel ifadelerden uzak bir yontemdir (Ciftci
vd., 2020).

Deprem senaryosunda deterministik ve
stokastik yontemlerin kullanilabilmesi icin, ilgili
bolgede kaydedilmis deprem hasar ve Kkayip
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verilerine dayanarak, mevcut bilgilerle gelecege
yonelik tahminler yapilmas1 gerekmektedir. Ancak,
verilerin yetersiz oldugu veya kayitli verilerin
bulunmadigi durumlarda, hasar tahminleri giivenilir
olmayacaktir.

Tirkiye diinyanin onemli deprem
kusaklarindan (Alp-Himalaya Kusagi) biri tizerinde
yer almaktadir. Sismik a¢idan oldukga aktif bir iilke
olan Tiirkiye'nin, Orta Anadolu Bolgesi goreli olarak
sakin bir bolge olarak degerlendirilse de bolgenin
onemli aktif fay zonlarindan biri olan Tuz Goéli Fay
Zonu lUzerinde yakin zamanda yapilan ¢alismalar,
zonun Aksaray’a yakin segmentlerinin biyikligi
6,8’e varabilecek depremler iiretme potansiyeline
sahip olduklarin1 gdstermektedir (Kiirger 2012,
Gezgin 2020). So6z konusu fay zonun o6zleilklerine
yonelik literatirde yapilmis farkli c¢alismalar
olmakla birlikte il 6zelinde detaylandirilmis deprem
tehlike haritalar1 bulunmamaktadir. Bu durum olasi
bir depremin yaratacagi hasar ve kayip konusunda
eksiklik yaratmaktadir.

Bu ¢alismanin amaci, hizla artan niifusa sahip
Aksaray ilinde Tuz Go6li Fay Zonu'nda meydana
gelebilecek olas1 bir depremin belirlenen 11
mahallede yaratabilecegi hasar ve kayiplarin tahmin
edilmesidir. Bu dogrultuda ¢alisma kapsaminda
stokastik  temelleri olan kurgusal yo6ntem
kullanilarak deprem senaryosu olusturulmustur.
Ayrica olusturulan senaryodan saglanan veriler ile
yarali onceliklendirme yontemi olan triyaj tahmin
analizi yapilmistir. Calismada deprem senaryosu
olusturulmasi icin kullanilan kurgusal ydntem
deprem biiytikliigl ve niifus sayisi gibi kabul edilen
varsayimlarin  dikkate alinmasimmi  saglarken,
stokastik yontem ise zemin profil bilgileri ve
binalarin kat sayilar1 gibi olasiliksal degerlerin de
senaryoya dahil edilmesini saglamistir.

Ozetle, calisma kapsaminda simiilasyon yapisi
kullanilmis, deprem senaryosu olusturulmus ve
kayip tahmin analizleri gerceklestirilmistir. Aksaray
ili icin bu yontemler kullanilarak yapilmis bir kayip
tahmin analizi bulunmamaktadir. Bu nedenle
Aksaray ili icin olas1 bir deprem sonrasi olusacak
kayiplarin tahmini agisindan bu c¢alismanin ilk
oldugu ve literatiire farkli bir bakis agis1 sunacagi
diistintiilmektedir. Ayrica kullanilan ydntemin az

maliyet gerektirmesi, avantajli hizli sonuglar
liretmesi acgisindan da deprem senaryosu
konusundaki ¢alismalara katki saglamasi
beklenmektedir.

1.1. Calisma Alani

Aksaray ili, Edirne, [stanbul, Ankara, Adana,
Iskenderun karayollar: ile Samsun, Kayseri, Konya ve
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Antalya karayollarinin Kkesisim noktasinda yer
almaktadir. Doguda Nevsehir, giineydoguda Nigde,
batida Konya, kuzeyde Ankara ve kuzeydoguda
Kirsehir ile gevrilidir. Yizélgiimii 7626 km? olan
Aksaray, 8 ilcesi (Merkez, Agacoren, Eskil, Giilagac,
Giizelyurt, Ortakoy, Sultanhani, Sariyahsi), 192 koy
ve kasabasiyla birlikte genis bir yerlesim alanina
sahiptir (Sekil 1). Il, yiizey sekilleri bakimindan
genellikle diizliiklerden olusur ve denizden 980
metre yiiksekliktedir. ilin giineydogusunda yer alan
Hasandag1 (3268 m) ve kuzeyini orta kisimdan
ayiran, Hasandagi ile birlesen Ekecik Dag1 (2137 m)
bu bolgedeki belirgin yiiksekliklerdir.
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Sekil 1. Calisma alani yer bulduru haritasi

Bolgede iilkemizin o6nemli aktif tektonik
yapilarindan biri olan Tuz Go6li Fay Zonu
bulunmaktadir. Tuz Goli Fay Zonu, KB-GD
dogrultusunda uzanan kita i¢i bir fay zonudur. Yakin
donemde yapilan ¢alismalarda, Tuz Golii Fay Zonu
uzunluklar1 9-30 km arasinda degisen birbirine
paralel ya da yar1 paralel 11 geometrik segmente
ayrilmis ve bu segmentlerden Aksaray’a yakin olan
segmentlerin (Tuz Golii, Akhisar-Kili¢ ve Altunhisar
segmentleri) biyiikligii 6,8’e cikabilecek deprem
iretme potansiyeli oldugu ortaya konmustur
(Kirger 2012).

Bu durum, Aksaray il merkezinin de i¢inde
bulundugu, biiyiik dl¢iide aliivyon zemin {izerine
kurulu, nifusu hizla artan ve yogun sanayi
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potansiyeline sahip olan bolgede, yikici hasarlarin ve
can kayiplarinin meydana gelme olasiigini isaret
etmektedir (Gezgin, 2020). Bu kapsamda Aksaray ili
merkez ilgesinin Tuz Goli fayia yakin olmasindan
dolay1 ¢alisma alani olan Bahgeli, Kurtulus, Pinar,
Kiligarslan, Fatih, Ereglikaps, [stiklal, Pasacik,
Mehmet Akif Ersoy, Selguklu, Hacilar Harmani
mahalleleri lizerinde similasyon modeli
calistirillarak, olasi bir deprem sonrasi yaralilarin
onceliklendirilmesi amaciyla triyaj tahmin analizi
yapilmistir.

2. YONTEM

Calismada kurgusal yodntem ve stokastik
yontemin ele alinmasi, deprem biiytikligi ve niifus
sayisi gibi kabul edilen varsayimlarin kurgusal
yontemin kapsama alanina girmesinden
kaynaklanmaktadir. Stokastik yontemde ise zemin
profil bilgisi ve bina katsayis1 gibi olasiliksal
degerleri kapsadigl icin bu yontemler melez bir
sekilde kullanilmistir. Ayrica zemin profil bilgisi ve
bina kat say1 bilgileri gibi veriler kullanilarak ARENA
Simiilasyon  programinda deprem senaryosu
modellenmistir. Yapilan modelleme sonucunda
triyaj isleminin siniflandirma gruplar (agir yarals,
hafif yarali, geciktirilebilir yarali ve o6lii) referans
alinarak can kaybi analizi yapilmistir.

Simiilasyon araciligiyla deprem senaryosu
olusturulmas: icin ARENA simiilasyon programi
kullanilarak , INTER (R) Core (TM) i7-7700HQ CPU
ve 16 GB  bellege sahip bir bilgisayarda
calistirilmistir. Her mahalle i¢in 10 kez tekrarlanan
simiilasyon sonuclar1 kaydedilmis ve analiz
edilmistir.

2.1. Deprem Senaryosu

Olasi afetlere karsi risk yonetimini en iyi sekilde
gerceklestirebilmek icin, toplumlarin afetlerden
fiziksel, sosyo-ekonomik ve psikolojik acidan ne
Olcide  etkilenecegini  belirlemek  6nemlidir.
(Karaman ve $ahin, 2009). Dogal afetlerin meydana
gelecegi zaman, yer, biiytkliik ve olusturacagi hasar
cogunlukla belirsizdir (Cift¢i vd., 2020). Ancak bu
belirsizliklere ragmen meydana gelecek bir afete
yonelik alinacak onlemler, sonrasi icin iyilestirme
¢alismalariin yapilabilmesi i¢in ¢esitli senaryo ya
da modelleme c¢alismalar1 yapilabilir. ARENA
simiilasyon programi da bu amagla kullanilan
programlardan biridir. Sismik yer hareketlerinin
yapilar iizerindeki etkileri, zemin kalinliklar1 ve bazi
fiziksel ozelliklerinden olusan parametrelere
baghdir. Aksaray ili merkez mahalleler ¢alisma alani
kapsaminda kullanilan 6nemli parametrelerden olan
zemin profil yapisi icin faydalanilan sondaj verileri
Sekil 2'de gosterilmektedir (Goktas, 2021).

Calisma alaninda depreme ait belirsizliklerden
dolay1 zemin profil bilgisi ve bina kat sayilar1 dikkate
alinarak senaryo olusturulmustur. Aksaray ili
genelinde onceden yapilmis kapsamli bir zemin
profil calismas1 bulunmadigi i¢in parametre olarak
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zemin profil bilgisi tercih edilmistir. Calisma
alaninda yer alan binalarin zemin profil yapisi iyi,
orta ve koti seklinde smiflandirilmistir. Diger
onemli parametre bina katsayilaridir. Bu parametre
de kendi icinde az katli, orta kath ve ¢ok katli olarak
belirlenmistir. Cok katl ve zemin yapis1 kotii olan
yapinin deprem nedeniyle yikimi ve dolayisiyla
kayiplarin daha yiiksek olacagi disiiniilmektedir.
5,1-6,5 Mw biyiikliigiindeki olas1 bir depremin
secilen parametreler dikkate alinarak olusturulan
senaryo semasl Sekil 3’te goriilmektedir.
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Calisma kapsaminda Aksaray ili merkez
mahallelerde olusturulan deprem senaryosu igin
stokastik yontem ve kurgusal yontem kullanilmistir.
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Sekil 3. Arena simiilasyon modelinin olasiliksal
sematik gdsterimi

2.1.1 Stokastik Yontem

Bu yontemde calisilan deprem senaryolarinda
yikici olan yer hareketlerinin belli bir konum ve
zamanda meydana gelebilme olasiliklari
belirlenmeye calisilir. Bu olasiliklarin
belirlenmesinde bolgeye etki eden farkli durumlar:
dikkate alan tehlike bazli modeller ve olusum ic¢in
iretilen yiizlerce ya da binlerce simiilasyon kaynak
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alinir (Crozi vd. 2005). Stokastik yontemlerle
olusturulan deprem senaryolarinin bir bdliimiinii
Cografi Bilgi Sistemleri (CBS) tabanli hasar ve kayip
modelleri olusturmaktadir. Ayrica Probabilistic
Seismic Hazard Analysis (PSHA), 1960'larda
gelistirilen ve deprem tehlikesini degerlendirmek
icin kullanilan stokastik bir yontemdir. Bu yontem,
belirli bir boélgedeki deprem olasiliklarini
hesaplamak i¢in zemin 6zellikleri, yerel faylar ve
gecmis deprem verilerini dikkate alir. ik biiyiik
uygulamalarindan biri, Cornell'in 1968 yilinda
yaptig1 calismadir. Cornell'in ¢alismasi, olasilik
teorisi ile deprem tehlikesi analizini birlestiren
onemli bir 6rnek olarak kabul edilir (Cornell, 1968).
Literatiirde Kirsehir ili i¢in stokastik bir yontem
kullanillarak  ti¢  farkli deprem  senaryosu
olusturulmustur. Bu senaryolarin hazirlanmasinda
Earthquake Loss Estimation Routine (ELER) yazilim
programindan faydalanilmistir (Isik, vd., 2019).

2.1.2 Kurgusal Yontem

Kurgusal yontem kullanilarak olusturulan
senaryolar sayisal veriler icermeyen, afetin etkilerini
sosyal anlamda ifade etmeye yonelik bir yontemdir.
Bu nedenle de bir deprem i¢in simiilasyon modeli
olusturulurken sadece kurgusal yontem kullanmak
cok gercekei sonuclar vermemektedir. Ancak bazi
calismalarda, diger yontemler kullanilarak gerekli
bilgilerin elde edilemedigi ve varsayimlarin ¢ok
oldugu durumlarda basvurulan bir yontem olarak
kullanilmaktadir. (Dogan, 2015; Ciftci vd., 2020).

2.2. ARENA Simiilasyon Programi

Yapilan bu g¢alisma kapsaminda simiilasyon
modelini olusturmak i¢cin Rockwell ARENA
simiilasyon  programi kullanilmistir. ARENA,
SIMAN’1 da gelistiren System Modelling firmasi
tarafindan iretilmis ve 2000 yilinda Rockwell
Automation tarafindan satin alinmis, Windows
tabanli popiiler bir simiilasyon ve otomasyon
yazilimidir. SIMAN islemcisi ve simiilasyon dilini
kullanarak, tedarik zinciri, siiregler, lojistik, hizmet
sistemleri, dagitim ve depolama gibi ¢esitli
sistemlerin mevcut performansini ve olasi alternatif
calisma senaryolarini analiz etmek icin yaygin olarak
tercih edilmektedir (Pulat vd., 2023). Bir siirecin ag
yapisini olusturarak, kaynak tahsisini daha hassas
bir sekilde ayarlamak ve sistem davranisini
gozlemlemek miimkiin hale gelir. (Wang vd., 2009).
Bu c¢alismada deprem simiilasyon modeli
olusturulurken ARENA programinin modilleri;
Create, Process, Decide, Record, Singal, Delay, Hold,
Station, Assing, Batch, Separate ve Dispose modiilleri
kullanilmaktadir.

2.3. Triyaj Yontemi
Triyaj isleminde, acil durumlar veya kaos

ortamlarinda bulunan Kkisilerin saglik durumlari,
ciddiyetlerine gore siniflandirilir. Afet sonrasi triyaj

Turkish Journal of Remote Sensing



Tiirkiye Uzaktan Algilama Dergisi - 2024; 6(2); 122-131

yapilmasinin nedeni, kaynaklarin simirli olmasi ve
miimkin olan en fazla sayida insanin kurtarilmasini
saglamaktir. Triyaj islemi sonrasinda, kisiler saglik
durumlarina gore; agir yarali (T1), geciktirilebilecek
yarali (T2), hafif yarali (T3) olarak smiflandirilabilir
veya Oli (T4) olabilirler. Calisma kapsaminda
similasyon girdileri kullanilarak simiilasyon ¢iktisi
olarak triyaj islemi uygulanmistir. Triyaj isleminde
kullanilan siniflandirma T1, T2, T3 ve T4 seklinde
gosterilmektedir (Tablo 1).

Calisma kapsaminda ilgili parametreler (zemin
profil yapisi, bina katsayis1 vb.) simiilasyon girdisi
olarak programa tanimlanmis, simtlasyon ciktisi
olarak ise Aksaray ili Merkez ilcede bulunan 11
mabhalleye ait ayr1 ayr1 triyaj analiz (T1,T2,T3 ve T4)
sonuglari diretilmistir.

Tablo 1. Triyaj isleminde kullanilan simiflandirma
tablosu (Wilson vd., 2013)

Triyaj Aciklama Beklenen Miidahale

Sinifi

T1 Agir yaral Acil miidahale ile
hastaneye sevki
saglanmali

T2 Geciktirilebilir =~ Duruma gore 2-4 saat

yarall araliginda toleransla

hastaneye sevk
saglanmali

T3 Hafif yaral 4 saatten daha fazla
toleransa sahip acil
midahale gerekmeyen

T4 Oli Morga sevkin saglanmasi

Ayrica, agir yaral (T1) bir kisiye yapilacak olan
miidahale aninda ge¢ kalindiginda durumu agirlasip
o6li  smifina (T4) gecebilmektedir ya da
geciktirilebilir yarali sinifinda (T2) yer alan bir kisi
vakit ilerledik¢ce saglik durumu agir yarali sinifina
(T1) yer alabilir. Bahsedilen bu gecis, Markov
zincirleri referans alinarak gecis olasiliklari seklinde,
calismada yer almistir (Sekil 4).

Sekil 4. Markov zinciri gegis olasiliklar1 degerleri
(Wilson vd., 2013)

Simiilasyon modelinde kullanilan triyaj yontemi
sonrasinda gelisen siire¢ Sekil 5’de gosterilmektedir.
Sekil 5’de; Sekil 3’de gosterilen dokuz daldan 6rnek
olarak zemin yapis1 kotii ve ¢ok kath binalarda
yasayan insanlarin, bu hasarli binalarda olup
olmadig1 sorgulanir. Sekil 5'deki triyaj yonetiminin
1.dal ve 2.dal olarak siiregler simiilasyon modelinde
calistirllmistir.

Simiilasyon modeli olusturulurken deprem
biiytikliiklerine gore binalarin yikilma durumlari ve
triyaj yarali onceliklendirme isleminin oranlari
literatiir arastirmasit sonuglarina goére modele
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islenmistir. Ayrica Sekil 4'de gosterilen Markov
zinciri gecis oranlar1 modele tamimlanmistir.

T dee

l l ..... .

Hassameye scvla
Hasmcye sevt. oekleme streci

qa ~*~§

Garvenli batgede kal

Sekil 5. Deprem sonrasl triyaj yonteminin sematik
gosterimi

3. BULGULAR

Calisma alanina ait deprem senaryo girdileri
ARENA Simiilasyon programinda Sekil 3’de yer alan
simiilasyon modeline gore olusturulmustur. Sekil
3’de yer alan birinci asamada Tuz Goli Fay Zonu
tizerinde veya yakin ¢evresinde Mw 5,1 ve Mw 6,5
biiyiikliigliinde olasi bir depremin meydana geldigi
ve Aksaray ili merkez mahallelerini etkiledigi
varsaylmistir.

Depremin biiyiikliigii ve yikici etkisi arasindaki
iliski konusunda genellikle kabul edilen temel ilke,
depremin biyiikligiindeki her bir birim artisin,
salinan enerjiyi yaklasik olarak 32 kat artirmasidir
(Aki & Richards, 2002). Bu iligki, Richter 6lcegi gibi
logaritmik 6l¢eklerde depremlerin enerji salinimini
degerlendirirken kullanilir. Bu hesaplama, depremin
enerjisini degerlendirir. Ancak, yikim orani veya
hasar derecesini dogrudan tahmin etmez. Depremin
yikiciligini belirleyen faktorler, sadece enerji degil;
deprem derinligi, yerel zemin 6zellikleri, yapilarin
dayanikliligi ve niifus yogunlugu gibi degiskenleri de
icerir. Yani, Richter olceginde siddet ve enerji
arasindaki iliski izerine olan bu varsayim, dogrudan
hasar oranini yansitmamakla birlikte enerji artisini
anlamada kullanilan bir referans saglar (Aki &
Richards, 2002).

Deprem siddetiyle yikim orani arasindaki
iligkiyi inceleyen  birkag onemli model
bulunmaktadir. Ozellikle, deprem biiyiikligi ile
hasar arasindaki iligkiyi ele alan "Gutenberg-Richter
iliskisi" sik¢a kullanilir. Bu formiil, deprem
biiyiikligiine bagl olarak belirli bir biyiiklikteki
depremlerin sayisin1 tahmin etmektedir.
Formiil su sekildedir:

LogioN = a - bM (D
Bu noktada, depremin biiyiikligii, o biiytkliikteki
veya daha biiyiik depremlerin sayisini belirtir. Bu
iliskiye gore, her birim biiyiiklik artisi, belirli bir
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siirede ayn1 bolgedeki deprem sayisini yaklasik on
kat azaltir ve biiytikliik arttikga meydana gelen yikim
olasilig1 da genellikle artar. Bu duruma gore, her bir
biiytikliik artisi belirli bir stire icinde ayni bolgedeki
deprem sayisini yaklasik on kat azaltir ve genellikle
biiytklik arttikca yikim riski de artar. Ek olarak,
odak derinligi gibi faktorlerin yikim tizerinde 6nemli
bir etkisi oldugu belirlenmistir. Daha s1g depremler
ylzeye daha yakin olduklarindan dolay1 daha yikici
olabilirken, derin depremlerin yikici etkisi genellikle
daha kisithidir. Bu baglamda, bazi arastirmacilar
odak derinligi ve maksimum fay yer degistirmesini
iceren ampirik modeller gelistirmistir, ¢iinki
derinligin hasar tahmininde 6nemli bir rol oynadig:
anlagilmistir. Bu iligkiler, o6zellikle depreme
dayanikl yapilarin tasariminda ve risk yonetiminde
o6nemli rol oynamaktadir (Gutenberg & Richter,
1955). Bu kapsamda hesaplanan degerler Sekil 3'de
yer alan simiilasyon modelinde 2. asamanin girdisi
olarak kullanilmistir.

Deprem sonrasi bina yikildiginda yaral
onceliklendirme oranlari yapilan literatiir calismasi
sonucunda belirlenmistir (Jaiswal , Wald & D'Ayala,
2011). Bu degerler Sekil 3’de yer alan simiilasyon
modelinde 5. asamaya girilmistir.

Deprem senaryosu girdileri olarak, ilk asamada
¢alisma kapsamindaki 11 mahallenin zemin profil
bilgilerine dayanarak, her mahallenin hasar
durumunu tahmin edebilmek i¢in zemin profilleri;
iyi, orta ve kotii seklinde oranlarla belirlenmistir.

Tablo 3. ilgili mahallelerde bulunan binalarin kat sayilari

Bu oranlar Aksaray Belediyesi tarafindan yapilan
zemin sondajlarinin sonuclarina gore verilmistir
(Goktas, 2021, Tablo 2). Elde edilen sonuglar Sekil
3’de yer alan simiilasyon modelinde 4. asamanin
girdisi olarak kullanilmistir.

Tablo 2. Calisma kapsaminda ilgili mahallelerin
zemin profil oranlari

Mahalle/Zemin Profil lyi Orta Kotii
Orani

BAHCELI 20%  30%  50%
EREGLIKAPI MAH. 10% 40% 60%
FATIH 10% 20% 70%
HACILAR HARMANI 10% 10% 80%
ISTIKLAL 50% 30% 20%
KILICASLAN 10% 40% 50%
KURTULUS 10% 30% 60%
M. AKIF ERSOY 10% 20% 70%
PASACIK 10% 30% 60%
PINAR 10% 20% 70%
SELCUKLU 10% 40% 50%

Sekil 3'de yer alan 5. asama icin ise Aksaray il
Ozel Idaresinden temin edilen, mahallelerde
bulunan binalarin kat say1 kullanilmistir (Tablo 3 ve
Tablo 4)

Bu veriler ARENA Similasyon modeli
kurulumunda deprem senaryosu girdileri olarak
modele islenmistir. Modele tanimlanan bu veriler ve
istatistiksel oranlar ile ¢calistirilmistir.

Mahalleler/ Top.
Bina Kat Sayisi 1 kat 2 kat 3 kat 4 Kkat 5 kat 6 kat 7 kat 8 kat 9 kat 14kat 15kat pgjpa
Sayis1
BAHCELI 355 128 52 20 35 12 602
EREGLIKAPI 127 121 107 195 227 54 3 22 1 1 858
FATIH 126 96 62 75 65 116 30 14 7 591
HACILAR HARMANT 414 104 36 57 24 9 3 5 1 653
[STIKLAL 164 26 11 5 25 6 3 2 242
KILICASLAN 90 285 188 85 38 10 1 697
KURTULUS 449 198 94 24 25 11 801
M. AKIF ERSOY 324 50 43 39 43 15 514
PASACIK 166 78 53 86 280 51 4 28 746
PINAR 319 243 65 19 32 2 1 681
SELCUKLU 211 70 24 32 20 1 358
Toplam 2745 1399 735 637 814 287 43 72 9 1 1 6743
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Tablo 4. Calisma kapsaminda ilgili mahallelerin az,
orta ve ¢ok katl bina katsayilari

g:;lll;lleler/ Bina Kat AzKath OrtaKath  Cokkath
BAHCELI 1-2 kat 3-4 kat 5-6 kat

N 6-7-8-9-15
EREGLIKAPI MAH. 1-2 kat 3-4-5kat  kat
FATIH 1-2-3kat 4-5-6kat  7-8-9 kat
HACILAR HARMANI ~ 1-2-3kat  4-5-6kat  7-8-9 kat
ISTIKLAL 1-2 kat 3-4-5kat  6-7-8 kat
KILICASLAN 1-2 kat 3-4 kat 5-6-14 kat
KURTULUS 1-2 kat 3-4 kat 5-6 kat
M. AKIF ERSOY 1-2 kat 3-4 kat 5-6 kat
PASACIK 1-2 kat 3-4-5kat  6-7-8 kat
PINAR 1-2 kat 3-4 kat 5-6-8 kat
SELCUKLU 1-2 kat 3-4 kat 5-6 kat

4. TARTISMA VE SONUCLAR

Tarihin her déneminde, depremler olduk¢a sik
meydana gelmektedir. Depremler, oncelikle fiziksel
hasarlarin yani sira sosyal, ekonomik ve psikolojik
kayiplara da neden olmaktadir. Tiirkiye, konumu
geregi etkileri yliksek olan si§ depremlere maruz
kalir. Hasar yapici depremlerin en sonuncusu
Merkez iissii Kahramanmaras'in Pazarcik ve Elbistan
ilcelerinde meydana gelen 7,7Mw ve 7,6Mw
biiytikligiindeki depremler, resmi rakamlara gore
enaz 53 bin kisinin 6liimiine 100 binden fazla kisinin
yaralanmasina yol acti. “Asrin felaketi" olarak
kayitlara gecen ve 11 ili etkileyen 7,7Mw ve 7,6 Mw
biiytkligindeki depremlerle sarsilan
Kahramanmaras'ta 285 bin yap1 stokunun % 55'i
hasar aldi. Deprem sonucunda olusan hasari en aza
indirmek i¢in, depremlerde kriz yonetim siirecinin
onceden titizlikle planlanmasi gereklidir.

Bu calismada Aksaray ilinde meydana
gelebilecek  5,1Mw-6,5Mw  blyiikliigiinde bir
depremin olusturabilecegi yarali 6nceliklendirme
(Triyaj Yontemi) tahmini yapilmistir. Bu ¢alismada,
kayiplarin fiziksel boyutu incelenmistir. Olasi bir
yikicit deprem sonrasi yapilan ¢alismalarin en 6nemli
amaci, can kayiplarini minimize etmektir. Ekonomik,
sosyal ve psikolojik unsurlar, meydana gelen fiziksel
kayiplarin arkasinda yatan etkenlerdir. Bu nedenle,
deprem senaryosu hazirlanirken agir yarali, hafif
yarali ve olii sayilarinin toplami tahmin edilmeye
¢alisilmistir. Bu tahminlerin dogrulugu, deprem
sonrast kriz yonetiminde yoneticilerin daha hizh
karar almasina ve kaynaklarin daha diizenli ve etkin
bir sekilde dagitilmasina yardimci olacaktir.

Deprem simiilasyon sonucunda referans alinan
bo6lim RECORD modiili ile 5. asamada yer alan 9
farkli daldan hesaplanan T1, T2, T3 ve T4 yarah
gruplaridir. Ornegin, Ereglikapt mahallesi icin 10 kez

calistirilan  simiilasyon sonuglarinin ortalama
degerleri  Sekil 6'te sunulmustur. Deprem
similasyon c¢alismasinin  sonuglar1  Ereglikapi

Mabhallesi ilizerinde degerlendirilecektir. Bu sebeple
mahalle ile ilgili baz1 veriler similasyon
degerlendirilmesi icin 6nem tasimaktadir. Mahalle,
niifus olarak Aksaray ilinin en kalabalik
mahallelerinden biridir. Similasyon sonucunda
Ereglikapt mahallesi i¢in 5,1 Mw ve 6,5 Mw
biiytukligindeki depremin meydana gelmesi
durumunda zemin profili ve bina kat sayisi
bilgilerine goére T1, T2, T3 ve T4 grubunda yer alan
kisilerin yogunluk olarak hangi alanlarda bulundugu
sonuclart asagidaki Tablo 5’te ve Tablo 6’da
sunulmustur. Simiilasyon ¢alismasi 6ncesinde Tablo
2’de zemin profili iyi, orta ve kotii dagilimi Ereglikapi
icin, iyi oran1 %10, orta oran1 %40 ve kotii oran1 %60
olarak belirlenmistir. Tablo 5’te 2. siitunda yer alan
bina katsay1 oranlari ise Tablo 4’te agiklanmistir.
Ereglikapt mahallesi toplam niifusunun 5,1 Mw
biiytkligiindeki olast depremde % 0,66 ve 6,5 Mw
biiytkligindeki olasi depremde % 0,69 deprem
senaryosu sonuglarina gore saglik acisindan zarar
gormustur.

Tablo 5. Aksaray Ereglikapt Mahallesi simiilasyon
sonucunun analizi (5,1 Mw)

Zemin Profili BinaKat Sayis1 T1 T2 T3 T4
Az Kath 0 26 876 0

Iyi Orta Katli 0 26 545 0
Cok Kath 0 26 532 0

Az Kath 0 26 1689 0

Orta Orta Kath 0 13 938 0
Cok Kath 0 13 1243 0

Az Kath 13 139 4961 0

Kotii Orta Kath 0 128 3576 0
Cok Kath 0 139 3997 0

Toplam 13 536 18357 0

Tablo 6. Aksaray Ereglikapt Mahallesi simiilasyon
sonucunun analizi (6,5 Mw)

Zemin Profili Bina Kat Sayis1 T1 T2 T3 T4

Az Kath 0 13 849 0
Iyi Orta Katli 0 39 595 0
Cok Kath 0 13 480 26
Az Kath 13 51 1739 0
Orta Orta Kath 0 13 772 13
Cok Kath 26 51 1115 0
Az Kath 90 303 5177 13
Koti Orta Kath 115 304 3286 26
Cok Kath 50 252 3399 77
Toplam 294 1039 17412 155

128

Calisma kapsaminda yer alan Aksaray merkez
11 mahallelerin 5,1 Mw ve 6,5 Mw biiytkligiindeki
deprem senaryosu sonuglar1 Tablo 7’de ve Tablo
8’de sunulmustur. 5,1 Mw biyiikliigiindeki deprem
simiilasyon sonucuna gore agir yarali (T1) 59,
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geciktirilebilir yarali (T2) 2454, hafif yarali (T3)
84458 ve 06lii sayisi (T4) 0 olmustur. Bu senaryoya
gore toplam niifusun yaklasik % 0,69 deprem
sonucunda saghk durumlarinin zarar goérmesi
nedeniyle etkilenmesi 6ngorilmiustiir.

Ayrica 6,5 Mw biyukligindeki deprem
simiilasyon sonucuna gore agir yarali (T1) 1342,
geciktirilebilir yarali (T2) 4782, hafif yaralh (T3)
80130 ve 6lii sayis1 (T4) 705 olmustur. Bu senaryoya
gore toplam niifusun yaklasik % 0,70 deprem
sonucunda saghk durumlarinin zarar goérmesi
nedeniyle etkilenmesi 6ngorilmiustiir.

Simiilasyon  modelinin  sonuglarina  gore
Ereglikapt mahallesi 51 Mw ve 65 Mw
biiytikligliindeki depremin meydana gelmesi

durumundaki triyaj grafigi Sekil 7’te sunulmustur.

EREGLIKAPI 5.1 / 6.5 Triyaj Grafigi

T2 T3

m51 =65

T4

Sekil 7. Ereglikap1 mahallesi triyaj grafigi

Replication: 10

Average HalfWidth Minimum Maximum

T1SAY1 0 0 0

T1 SAY 2 0 0 0

T1SAY 3 0 0 0

T1 SAY 4 1,3 2,940804 0 13
T1SAY 5 0 0 0 0
T1 SAY 6 2,6 3,921072 0 13
T1SAY 7 9 6,125951 0 25
T1SAY 8 11,5 6,627516 0 25
T1SAY 9 5 7,540524 0 25
T2 SAY 1 1,3 2,940804 0 13
T2 SAY 2 3,9 4,492153 0 13
T2 SAY 3 1,3 2,940804 0 13
T2 SAY 4 51 6,32191 0 25
T2 SAY 5 1,3 2,940804 0 13
T2 SAY 6 51 6,32191 0 25
T2 SAY 7 30,3 9,820356 0 51
T2 SAY 8 30,4 15,99302 0 63
T2 SAY 9 25,2 11,9835 0 63
T3 SAY 1 84,9 29,91878 25 152
T3 SAY 2 59,5 14,88848 25 89
T3 SAY 3 48 20,80693 0 101
T3 SAY 4 173,9 28,73217 101 241
T3 SAY 5 77,2  17,28672 51 114
T3 SAY 6 111,5 23,03072 63 165
T3 SAY 7 517,7 47,77629 419 622
T3 SAY 8 328,6 31,80493 254 406
T3 SAY9 339,9 53,02168 254 482
T4 SAY 1 0 0 0 0
T4 SAY 2 0 0 0 0
T4 SAY 3 2,6 3,921072 0 13
T4 SAY 4 0 0 0 0
T4 SAY 5 1,3 2,940804 0 13
T4 SAY 6 0 0 0 0
T4 SAY 7 1,3 2,940804 0 13
T4 SAY 8 2,6 3,921072 0 13
T4 SAY 9 7,7 6,345251 0 25
Z1AB 201,5 38,4171 126 266
Z1CB 1309,2 30,67761 1231 1371

Sekil 6. Aksaray Ereglikapt ARENA simiilasyon
sonuglari

Tablo 7. Aksaray ili merkez 11 mahallenin simiilasyon sonucunun analizi (5,1 Mw)

Mahalle Ad1 T1 T2 T3 T4 Toplam Toplam Niifus Etkilenme Orani
BAHCELI 2 87 3229 0 3318 3345 0,81
EREGLIKAPI 13 536 18357 0 18906 19030 0,66
FATIH 11 452 15213 0 15676 15753 0,49
HACILAR HARMANI 4 168 5656 0 5828 5872 0,75
ISTIKLAL 1 52 2068 O 2121 2143 1,03
KILICASLAN 4 171 6074 O 6249 6291 0,67
KURTULUS 3 126 4571 0 4700 4744 0,93
M. AKIF ERSOY 4 168 5788 0 5960 6011 0,85
PASACIK 12 494 16863 0 17369 17485 0,67
PINAR 3 116 3957 0 4076 4113 09
SELCUKLU 2 84 2682 0 2768 2782 0,51
TOPLAM 59 2454 84458 0 86971 87569 0,69
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Tablo 8. Aksaray ili merkez 11 mahallenin simiilasyon sonucunun analizi (6,5 Mw)

Mahalle Ad1 TLT T2 T3 T4 Toplam Toplam Niifus Etkilenme Orani
BAHCELI 46 175 3058 24 3303 3345 1,26
EREGLIKAPI 294 1039 17412 155 18900 19030 0,69
FATIH 248 873 14439 131 15691 15753 0,4
HACILAR HARMANI 92 328 5369 48  5g37 5872 0,6
iSTIKLAL 28 111 1960 13 2112 2143 1,45
KILICASLAN 92 339 5762 48 241 6291 0,8
KURTULUS 69 251 4336 36 4692 4744 1,1
M. AKIF ERSOY 92 328 5492 48 5960 6011 0,85
PASACIK 271 957 15998 143 17369 17485 0,67
PINAR 64 222 3761 35 4082 4113 0,76
SELCUKLU 46 159 2543 24 2772 2782 0,36
TOPLAM 1342 4782 80130 705 86959 87569 0,7
Calisma kapsaminda elde edilen sonuglar, olasi kullanilmistir. Calismanin devaminda, bu
deprem sonrasi hasar oranini etkileyen zemin profil parametrelere ek olarak depremin odak derinligi de
yapist ve bina katsayisi parametreleri dikkate simiilasyon agina dahil edilerek elde edilen
alinarak degerlendirildiginde, zemin profil yapisi sonuglarin  gergekgiligi  artirilacaktir. Deprem
kot ve yliksek katli binalarda depreme maruz kalan hasarina etki durumu eklenen her bir parametre i¢in
kisi sayis1 daha fazla olacaktir. Ornegin, deprem sayisal acidan degerlendirilebilecektir. Gelecekteki
senaryosu ¢iktilarinin gosterildigi Tablo 7 ve Tablo ¢alismalar icin bir diger 6nemli nokta, Aksaray ili
8’e gore depremden en fazla etkilenen mahalleler merkez mahallelerinin hasar durumlarinin 11
arasinda Ereglikapt Mahallesi bulunmakta olup ve mahalle bazinda elde edilmis olmasidir. A yapisi
Tablo 2'ye bakildiginda, mahallenin %60 oraninda daha kapsaml bir sekilde gelistirildiginde, tek bir
zemin profilinin kot oldugu gorilmektedir. Tablo simiilasyonla ¢iktis1 alinmak istenen bdlgenin triyaj
3'e gore ise, mahallede 7, 8, 9 ve 15 katli binalarin analizleri daha hizli ve tek seferde
bulundugu tespit edilmistir. Bu veriler 1s1ginda, gergeklestirilebilir.
deprem sonrasi hasar durumunu zemin profili ve
bina kat sayis1 gibi parametrelerin énemli 6lgiide Bilgilendirme/Tesekkiir
etkiledigi anlasilmaktadir. Olas1 bir depremin
akabinde, meydana gelebilecek hasarlar ve kayiplar Bu calisma, Aksaray Universitesi Fen Bilimleri
tamamen engellenemez. Ancak, Aksaray ili Enstitiisli Jeodezi ve Cografi Bilgi Sistemleri ABD’da
orneginde deprem sonrasi kayip tahmin analizi 1. Yazarin 2. yazar danismanlifinda yirittigi tez
sonuglar1 gibi senaryo ¢iktilarinin kullanilmasiyla ¢alismasimnin bir boélimidir. Yazarlar, ¢alisma
yapilan planlamalar ve diizenlemelerin; hizmet kapsaminda kullanilan verilerin temini i¢in Aksaray
verecek personel, hizmet alacak Kkisiler ve Belediyesi, Aksaray il Ozel idaresi’ne ve analizlerin
yonetilecek stire¢ acisindan daha etkili ve verimli yapilmast ve degerlendirilmesi konusundaki
olmasi beklenmektedir. katkilar1 icin Antalya Bilim Universitesi Ars. Gor.
Deprem senaryosu, similasyon ile Umran KAYA'ya tesekkiir ederler.
hazirlanmistir. Simiilasyonun en temel amaci, ayni
anda birden fazla parametreyi degerlendirme Arastirmacilarin katki orani beyan 6zeti
imkani sunmaktir. Skolastik (olasiliksal) modellere
kiyasla, birden fazla parametreyi ele alan modeller, A.  Aksit Verilerin toparlanmasi, Arastirma,
daha hizh ve ekonomik sonuglar saglar. Gorsellestirme, Kontrol, Makale Yazimi
Similasyonun bir diger avantaji, Aksaray ili i¢in S. Ekercin : Sonuglarin kontrolii, Gérsellestirme
tasarlanan yapimin baska iller i¢in de uygun U. Kaya : Veri analizi, Arastirma, Modelleme
olabilmesidir. Simiilasyonun tekrar sayisl1
artinldiginda, elde edilen sonuglar daha gercekgi Cikar ¢atismasi beyam
hale getirilebilir. Onceki deprem sonrasi kayiplarin
tahminine  yonelik  caligmalarda  simiilasyon Makale ile ilgili olarak, herhangi bir kurum, kurulus,
programi kullamlm?mls .ollma31, bu  caligmanin kisi ile mali cikar catismasi yoktur ve yazarlar
6zgunligii agisindan 6nemli bir unsurdur ve senaryo arasinda ¢ikar catismasi bulunmamaktadur.
olusturma siirecine farkli bir bakis agisi
kazandirmistir.
Calismas1 kapsaminda, deprem sonrasi hasar
tahmini icin zemin profili ve bina kat sayisi bilgileri
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Arastirma ve yayin etigi beyani

Yapilan c¢alismada yazarlar, arastirma ve yayin
etigine aykiri bir durum olmadigin1 ve ¢alismanin
etik kurul izni gerektirmedigini beyan etmektedir.
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