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Aktarimli Ogrenme ile SENTINEL-2 Gériintiilerinden Kiyi Cizgisi Boliitlemesi

Selennur Karagol*1'”, Biilent Bayram?2'”, Firat Erdem3"”, Tolga Bakirman+*

1Y1ldiz Teknik Universitesi, Fen Bilimleri Enstitiisii, Uzaktan Algilama ve CBS Anabilim Dali, Istanbul, Tiirkiye

2Yildiz Teknik Universitesi, Insaat Fakiiltesi, Harita Miihendisligi, Istanbul, Tiirkiye

3Eskisehir, Teknik Universitesi, Yer ve Uzay Bilimleri Enstitiist, Eskisehir, Tiirkiye

4[stanbul Teknik Universitesi, Uydu Haberlesmesi ve Uzaktan Algilama Arastirma ve Uygulama Merkezi, Istanbul, Tiirkiye

Anahtar Kelimeler: 0z

Derin Ogrenme Kiy1 cizgileri kiiresel 1sinma, niifus artisy, cevre kirliligi, kentlesme etkileriyle stirekli
Aktariml Ogrenme degisir. Dogal ve antropojenik etkilerle meydana gelen degisikleri tespit etmek icin kiy1
Ky Cizgisi Cikartma alanlarinin izlenmesi gerekmektedir. Kiy1 alanlarindaki degisimlerin siirdiiriilebilir bir
SENTINEL-2 sekilde izlenmesi, kiy1 kaynak yonetimi, cevresel koruma ve planlama agisindan oldukca
LANDSAT-8 onemli rol oynamaktadir. Uydu goriintiileri bu amag icin dogru, glivenilir, zamansal ve

giincel bilgiler saglamaktadir. Derin 06grenme(DL) ve aktarimli 6grenme(TL)
yaklasimlar1 kiy1 c¢izgisi ¢ikartilmasinda yeni olanaklar saglamaktadir.  Sunulan
calismada, SENTINEL-2 goriintiilerinden aktarimli 6grenmeye dayali, U-NET mimarisi
kullanilarak, bir kara ve su boliitlemesi yaklasimi énerilmistir. Onceden egitilmis modele
ait 6zellikler ve agirliklar icin, LANDSAT-8 goriintiileri ile gerceklestirilen derin 6grenme
calismasindan yararlanilmistir. U-Net mimarisi kullanilan agda, mavi, kirmizi ve yakin
kizil 6tesi bantlarindan olusan tam ¢ergeve SENTINEL-2 goriintiilerinden 8'i egitim, 7’si
test asamasinda kullanilmistir. Tam ¢ergeve goriintiiler 512x512 boyutlarinda kirpilarak
egitim ve test i¢in sirasiyla 115 ve 235 goriintli parcasi olusturulmustur. Ortalama
dogruluk, duyarhlik, hassasiyet, 6zgiinliik ve F-skor degerleri sirasiyla 0.9917, 0.9927,
0.9908, 0.9907 ve 0.9917 olarak hesaplanmistir. Calismanin sonuglarina gore, aktarimli
6grenme kullanilarak az miktarda goriintii ile yliksek dogruluklu kiy1 ¢izgisi elde etmek
mimkindiir.

Shoreline Segmentation from SENTINEL-2 Imagery by Transfer Learning

Keywords: ABSTRACT

Deep Learning Global warming, increasing population, environmental pollution and urbanization can
Transfer Learning constantly affect coastal areas. Therefore, sustainable monitoring of coastal zones is vital
Shoreline Extraction to detect changes which can occur due to natural and anthropogenic effects. Thus,
SENTINEL-2 sustainable shoreline monitoring is essential for coastal resource management,
LANDSAT-8 environmental protection and planning. Satellite images provide accurate, reliable,

temporal and up-to-date information for this purpose. State-of-the-art deep learning
(DL) and transfer learning approaches brought new opportunities for shoreline
extraction. In this study, a transfer learning based water-body segmentation framework
with U-Net architecture from SENTINEL-2 imagery has been proposed. The pre-trained
weights have been obtained from another study which is a network trained with
LANDSAT-8 imageries. The training of used U-Net architecture was carried out using
SENTINEL-2 imagery which consists of blue, red and NIR bands with 8 and 7 full frames
for training and testing, respectively. Images have been cropped as 512x512 pixels and
115 and 235 patches have been created for the training and testing dataset, respectively.
Average accuracy, recall, precision, specivity and F-score of the model values has been
calculated as 0.9917, 0.9927, 0.9908, 0.9907 and 0.9917, respectively. The results show
that it is possible to obtain shoreline with high accuracy with limited data using transfer

learning.
*Sorumlu Yazar Kaynak Géster(APA);
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1. GiRis

Kiy1 alanlary, insan etkileri ve dogal sebeplerden
kaynaklanan dinamik degisiklerin oldugu, ekonomik
ve sosyal agidan nitelikli bolgelerdir. Mineral
kaynaklari, petrol-gaz kaynaklari, gelgit-dalga enerji
kaynaklar1 ve diger yenilenebilir enerji kaynaklari
bakimindan yerlesimler kiyr alanlarinda
yogunlasmaktadir  (Zhang vd., 2013). Kiy1
bolgelerinde artan niifusla birlikte, kiy1 degisiminin
incelenmesi arastirmacilarin en oOnem verdigi
konulardan biridir (Moore, 2000). Kiy1 cizgisinde
meydana gelen degisimlerin hizh ve dogru bir
sekilde belirlenmesi sadece kiy1 1slahi, kentsel
biiyiime ve liman gelistirme faaliyetleri icin degil
ayni zamanda denizcilik ekonomisi ve denizcilik
arastirmalari i¢in de 6nemli bir konudur (Zhang vd.,
2013).

Kiy1 c¢izgisini ¢ikartmak i¢in fotogrametrik
yontemler, GPS teknolojisi ve yersel 6l¢iiler, uzaktan
algilama gibi cesitli yontemler kullanilmaktadir
(Zhang vd., 2013). LANDSAT uydusunun 1972'de
kullanilmaya baslanilmasindan bu yana optik
uzaktan algilama verileri diger yontemlerden elde
edilen verilere bir alternatif haline gelmistir (Gens,
2010). Kontrolsiiz  simiflandirma  teknikleri
(ISODATA-Iterative Self Organized Data Analysis)
bant oranlama, normalize edilmis fark su indeksi
(NDWI) esik deger ve morfolojik filtreleme, Wavelet
dontisimii, aktif kontur modelleri (Zhang vd., 2013),
nesne tabanli, genetik algoritma, kontrolli ve
kontrolsiiz siniflandirma, pargacik suri
optimizayonu  (PSO),  Mean-shift  bdoliitleme
(incekara vd., 2018) optik uydu goriintiilerinden kiy
¢izgisi ¢ikarmak icin kullanilan yéntemlere 6rnek
olarak verilebilir. Son yillarda makine 6grenmesi
yontemleri uzaktan algilama problemlerinde yaygin
olarak uygulanmaktadir (Lary vd., 2016). Cesitli
calismalarda kiy1 ¢izgisi ¢ilkariminda makine
6grenmesi yontemleri kullanilmistir (Dixon &
Candade, 2008; Kalkan vd., 2013; Bayram vd., 2017).
Choung & Jo, 2017 Worldview-2 uydu goriintileriyle
bir makine 6grenmesi yontemi olan Destek Vektor
Makineleri (Support Vector Machines) ile adaptif
esikleme ve NDWI yontemin kiy1 ¢izgisi
¢ikarimindaki performansini arastirmistir.

Derin 6grenme (DL), Goodfellow vd., 2016
tarafindan  bilgisayarlarin  diinyay1 ~ kavram
hiyerarsileri a¢isindan anlamasin1 ve insanlara
benzer sekilde karar vermesini saglayan makine
6grenmesi olarak tamimlanmaktadir. Klasik makine
6grenmesinde 06zellik ¢ikartma islemi kullanic
tarafindan yapilmaktadir ve bu zaman alic1 ve
kullanici odakli bir siirectir. Derin 6grenme
yaklasiminda ise 6zellik cikartma islemi otomatik
olarak yapilmaktadir (Patterson & Gibson, 2017).

DL yontemleri, son yillarda kiy1 alanlarina
yonelik calismalarda yaygin olarak kullanilmaya
baslanmistir. Yang vd., 2015 LANDSAT uydu
goriintiilerinde SSAE (Stacked Sparse Autoencoder)
derin 6grenme mimarisini kullanarak kara-su

bolitlemesi gerceklestirmislerdir. Yu vd., 2017
LANDSAT-7  gorintillerinden  kiy1  ¢izgilerini
cikarmak icin evrisimsel sinir aglar1 ve lojistik
regresyon siniflandiricisindan olusan karma bir
makine 6grenimi sistemi sunmustur. Isikdogan vd.,
2017 DeepWaterMap adli kodlayici-kod ¢oziicii
derin  6grenme  mimarisine dayali Tam
Konvoliisyonlu Ag (FCNN) yapis1 kullanarak
LANDSAT-7 uydu gorintilerinde  kara-su
boliitlemesi gerceklestirmislerdir. Li vd., 2018 kiy1
cizgisi boliitlemesi icin DeepUNet adli genisleyen
konvoliisyonel sinir aglar1 tabanli bir yaklasim
onermistir. Chen vd., 2018 siiper piksel ve
konvoliisyonel sinir ag1 algoritmalarimi kullanarak
yuksek ¢ozintrliikli ¢ok banth goriintiillerden kiyi
cizgisi cikarmistir. Song vd., 2020 Worldview-3 ve
GeoFen-2 goriintiilerinden Mask R-CNN yontemini
kullanarak su smifin1  yiksek dogruluklar ile
tiretmislerdir. Erdem vd., 2020 tarafindan yapilan
calismada LANDSAT-8 goriintiilerinden su sinifinin
cikarilmasi icin WaterNet adinda 5 farkli U-Net derin
o0grenme modelinin kombinasyonu kullanan bir
yontem gelistirilmistir.

Uzaktan Algilama calismalarinda derin 6grenme
modellerinin uygulanmasinda aktarimli 6grenme
(transfer learning) yaygin olarak kullanilan bir
yontemdir. Aktarimli 6grenme ile bir veri seti i¢in
yapilan egitim islemi sonucunda olusturulan agirlik
parametresi, bir baska veri setinin egitilmesi icin
baslangi¢ agirliklar: olarak kullanilir. Bu durum, az
sayida veri ile yiiksek dogrulukta sonuglar tiretmek
acisindan avantajlar saglamaktadir (Torrey &
Shavlik, 2009).

Yapilan literatiir arastirmasinda SENTINEL-2
gorilintiilerinden  aktarimli  6grenme  yoOntemi
kullanilarak kara-deniz boéliitlemesi ve kiy1 cizgisi
cikartmaya yonelik bir calismaya rastlanmamistir.
Bu ¢alismada, 6nceden LANDSAT-8 uydu goriintiileri
ile egitilmis U-Net mimarisi (Erdem, vd., 2020) ve az
sayida SENTINEL-2 uydu goriintiisii veri seti
kullanilarak aktarimli 6grenme ile kiy1 c¢izgisi
cikarilmistir.

2. YONTEM

Bu ¢alismada SENTINEL-2 veri setinden kara-
deniz boliitlerinin U-Net mimarisi ile elde edilmesi
icin YTU-WaterNet acik veri seti (URL-1) ile egitilen
U-Net mimarisinin agirhklar1 (Erdem, vd., 2020)
baslangi¢ agirliklari olarak kullanilmistir.

2.1. Veri

Sunulan ¢alismada, aktarimli 6grenme igin
farkli kiy1 bolgelerinden alinan 10m konumsal
¢Oziiniirliige ve 15-bit radyometrik ¢6ziiniirliige ve
mavi, kirmizi  ve yakin kizilétesi  bant
kombinasyonuna sahip toplam 15 adet SENTINEL-2
uydu goriintiisi kullanilarak egitim ve test veri
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setleri iiretilmistir. Tablo 1'de SENTINEL-2 uydu
goriintiilerinin teknik ozellikleri gosterilmektedir.
Egitim icin 8, test i¢in 7 adet goriinti kullanilmistir.
Egitim ve test amaciyla kullanilan goruntiilerin
konumlari Sekil 1’de gosterilmektedir.

Tablo 1. SENTINEL-2 uydu gériintiisiiniin 6zellikleri

(URL-2)
Bantlar Ozellikleri Merkez Dalga
Boyu (nm)
Bant1 60m Kiy1 aerosolii 443
Bant2 10m Mavi 490
Bant3 10m Yesil 560
Bant4 10m Kirmizi 665
Bant5 20m Bitki ortisi 705
Bant6 20m Bitki ortiisi 740
Bant7 20m Bitki ortiisi 783
Bant8 10m Yakin Kizilotesi 842
Bant8A 20m Bitki ortiist 865
Bant 9 60m Su buhari 945
Bant10 60m SWIR 1375
Bant11 20m SWIR 1610
Bant12 20m SWIR 2190

ejant
® EjitimDogrulama

Sekil 1. Egitim ve test icin kullanilan goriintiilerin
dagilimlar

2.2. Veri On isleme

Sunulan ¢alismada 10980x10980 piksel
boyutlarindaki SENTINEL-2 goriintileri 512x512
piksel boyutlarinda alt goriintiilere boliinmiistiir ve
toplam 350 alt goriintiiden olusan veri seti
olusturulmustur. Bunlardan 115°i egitim, 235 adedi
test icin kullanilmistir. Etiketli veri setinin
liretiminde  OpenStreetMap (OSM)  (URL-3)
kullanilmis, ardindan elle diizeltme yapilarak su
(siyah) ve kara (beyaz) simiflarini temsil eden ikili
goriintiilerden olusan veri seti hazirlanmistir. Sekil
2’de 6rnek goriintiiler ve etiketleri sunulmustur.

BXAY

Sekil 2. Ornek goriintiiler ve etiketleri
2.3. Aktarimh Ogrenme ve U-Net

Aktarimli 6grenmede, ¢ogunlukla 6nceden
egitilmis bir modelden elde edilen agirhk ve
ozellikler ya dogrudan ya da probleme bagl olarak
egitilecek agda onciil veri olarak kullanilir.

U-Net mimarisi, biyomedikal goriintilerin
boliitlenmesi icin gelistirilen, tam konvoliisyonel ag
(fully convolutional network) temelli bir derin
o0grenme mimarisidir. U-Net mimarisi ile az sayida
egitim verisi kullanilarak basarili sonuglar elde
edilebilmektedir. (Ronneberger, vd., 2015).

U-Net mimarisi kodlayic1 (contracting path) ve
kod ¢oziicii (expansive path) olmak iizere iki
boéliimden olusmaktadir. Kodlayici kisminda her bir
Olcek icin, iki adet 3 x 3 konvolilisyon katmani, ReLU
aktivasyon fonksiyonu, 2 x 2 maksimum havuzlama
operasyonlar1  uygulanmaktadir. Kod ¢oziici
bélimiinde ise; yukar1 ornekleme, kopyalama
(concatenete) ve konvoliisyon katmanlar1 yer
almaktadir. Sekil 3’'te U-Net mimarisinin genel yapisi
gosterilmektedir.

Sunulan ¢alismada aktarimli 68renme ve U-Net
mimarisinde kullanilan parametreler Tablo 2’de
gosterilmistir. Egitim parametreleri, kullanilan
donanimin o6zellikleri ve literatiirdeki c¢alismalar
dikkate alinarak belirlenmistir.

Sekil 3. U-net mimarisi (Ronneberger, vd., 2015)

Tablo 2. Egitim parametreleri

Aktarimli Ogrenme  Sunulan Galigma U-

(Erdem, vd., 2020) Net
Egitim
f;’;:ls?t“ 824 115
(512x512)
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Test

gorunti

sayist 92 235

(512x512)

Epok sayis1 100 50

Loss Binary Categorical

Fonksiyonu Cross-entropy Cross entropy

Aktivasyon ReLU ReLU

Fonksiyonu

Optimizasy Adam Adadelta

on

Ogrenme 0.0002 0.05

Orani

Batch

Boyutu 1 2

Dogruluk . - . .
s Dice Coefficient Dice Coefficient

metrigi

2.4. Dogruluk Olgiitii

Deniz-kara boliitlemesinin dogruluk
degerlendirmesi; dogruluk, duyarhlik, hassasiyet,
ozginlik ve F1  metrikleri  kullanilarak
gerceklestirilmistir. Hassasiyet; negatif tahminlerin
dogrulugunu, duyarlilik; pozitif tahminlerin
dogrulugu, 6zgiinliik; pozitif tahmin dogrulugunu, F-
Skor ise duyarliik ve hassasiyet 6lgiitlerinin
harmonik ortalamasidir. DP; olumlu ve dogru tahmin
edilen, DN; olumsuz ve dogru tahmin edilen, YP;
olumlu ve yanlis tahmin edilen, YN; olumsuz ve
yanlis tahmin edilen olmak tizere dogruluk
metrikleri Esitlik 1’ de yer almaktadir.

o DP+DN
Dogruluk = ————
DP+DN+YP+YN
DpP
Duyarlilik =
DP+YN
DP
Hassasiyet = 1
4 DP+YP 1)
Ozgunlik =
DN+YP
2+DP
F —Skor = ———
(2#*DP+YP+YN)

3. BULGULAR

Sunulan ¢alismada, U-Net mimarisi Python
v3.7.0 programlama dili, Tensorflow v1.5.0 (URL-4)
ve Keras v2.2.4 (URL-5) kiitiiphaneleri kullanilarak
uygulanmistir. Aktarimli 6grenmede egitim islemini
gerceklestirmek icin SENTINEL-2 uydusuna ait
toplam 115 adet alt goriinti kullanilmistir. Egitim
asamasinda Adadelta optimizasyon algoritmasi, 0.05
0grenme orani ile kullanilmistir. Epok sayis1 50
olarak belirlenmistir. SENTINEL-2 goriintiilerini
egitmek icin baslangi¢ agirliklar1 olarak 6nceden
egitilmis U-Net agirliklart (Erdem, vd., 2020)
kullanilmistir. ~ Aktarimli  6grenmenin  egitimi
boyunca elde edilen dogruluklar Sekil 5’te
verilmistir.

Gerceklestirilen tiim islemler 11 GB RAM’e
sahip NVIDIA GeForce GTX1080 Ti ekran Kkarti
kullanarak yapilmistir.

Model Dogrulugu

100
B e V== 5 o
0.95 o
0.90
E 085
F
b0
o
a 080
EGITIM
075 ——  DOGRULAMA
070
0 10 20 30 40 50

Epok
Sekil 5. Aktarimli 6grenmenin egitimi boyunca elde
edilen dogruluklar

Test gorlntiillerinden tam  SENTINEL-2
cercevesi (10980x10980) i¢cin elde edilen kara-deniz
boliitlemesine iliskin d6rnek sonug¢ Sekil 6’da
sunulmustur. Sekil 6’da solda mavi, kirmizi ve yakin
kiz1l 6tesi bant kombinasyonunda test goriintiisii ve
sagda boliitlenmis goriintii verilmistir.

Sekil 6. Test goriintiisii icin Uretilen ikili goriintii

ikili kodlanmis kara-deniz béliitlerine raster-
vektdr doniisiimii uygulanarak kiy: cizgileri vektor
formatta elde edilmistir. Ornek sonug Sekil 7’ de
verilmistir. Bir tam c¢erceve test goriintiisiinden
512x512 alt goriintiilerin iiretilmesi, boliitleme ve
vektdr formatta kiyi ¢izgisinin elde edilmesi sirasiyla
1, ¥ ve 2 dakika siirmektedir.

Sekil 7. Elde edilen kiy1 ¢izgileri

Referans ikili gorinti ile sunulan
yaklasimin uygulanmasi sonucunda elde edilen ikili
goriintiniin  karsilastirllarak ortalama dogruluk
sonuglar1 elde edilmistir (Tablo 3). Tablo 3’teki
degerlerden de goriilebilecegi iizere, F- Skor degeri
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%99,79 oranina ulagmistir. Kiy1 morfolojisinde ani
ve sik degisimlerin bulundugu test goriintiilerinde
(Finlandiya ve Kirim) dogruluk dl¢iitlerinde %0.01
oraninda diisiis oldugu gorilmistiir. Ayrica ani ve
sik degisimler olmamasina ragmen dalga etkisi
bulunan  gorintiillerde  (Portekiz)  dogruluk
Olciitlerinde  %0.01 oraninda diisiis oldugu
gozlenmistir.

Tablo 3. Test goruntiileri i¢in ortalama dogruluk
degerlendirmesi

Dogruluk  Duyarliik Hassasiyet  Ozgiinlik  F-Skor

0.9917 0.9927 0.9908 0.9907 0.9917

Calismada kullanilan egitim ve test veri
setlerine bakildiginda (115’i egitim, 235'i test) test
verisi sayisinin egitim verisinden fazla oldugu
goriilmektedir. Bu da kiy1 ¢izgisi bdliitlemesinde
aktarimhi 6grenmede az sayida egitim veri seti ile
yiksek dogrulukta sonuglar iiretilebilecegini
gostermektedir.

4. SONUCLAR

Sunulan ¢alismada elde edilen sonuclar ile
literatiirdeki  benzer  ¢alismalarin  sonuglari
karsilastirilmistir.

Sreekesh vd., 2019, SENTINEL-2 ve Orbview-3
uydu goriintilerinin kirmizi, yesil, mavi ve yakin
kizilotesi bantlar1 kullanarak kiy1 ¢izgisinin yari
otomatik olarak ¢ikarilmasini saglayan bir yéntem
énermistir. Onerilen yéntem, su ve kara béliitlemesi
icin nesne tabanli gorintli analizi teknigini ve
spektral o6znitelik bilgilerini birlestirir. Onerilen
yontemin temel amaci, farkli spektral bantlardan
elde edilen nesne bilgilerini bélitleme igin
kullanmaktir. Yaklasimin performansini
degerlendirmek icin farkli jeomorfik o6zelliklere
sahip kiyilar secilmistir ve %95-%99 arasinda bir
dogruluk basarisina ulagmistir. Sunulan ¢alismada
da farkl jeomorfolojik yedi bélge icin elde edilen
ortalama dogruluk %99.17’ dir.

Wieland vd., 2019 LANDSAT TM, ETM +, OLI ve
SENTINEL-2 uydu gorintilerinin kirmizi, yesil,
mavi, yakin kizilotesi ve kisa dalga kizilotesi bant
kombinasyonunu, sel durumlarinda taskini kalici
sudan ayirt etmek amaciyla su siniflarinin hizli bir
sekilde boéliitlenmesi icin kullanmiglardir. Kara, su,
buz, bulut ve golge smiflarim1 bolitlemek igin
evrisimli bir sinir ag1 olan U-Net mimarisi
kullanmislardir ve ortalama dogrulugu %93 olarak
elde etmislerdir.

Syrris vd., 2019 su, kara, orman, bina ve yesil
alan smiflarin1  boliitlemek SENTINEL-2 uydu
gorintiilerin kirmizi, yesil, mavi ve yakin kizilétesi
band kombinasyonunu ve farkli CNN ( standart CNN,
Fully Convolutional Network (FCN), U-net ve
SegNet) modellerini kullanmiglardir. Her bir model
icin farkli girdi veri boyutlarn ( 122x122, 244x244,
366x366) kullanarak egitim islemi ve dogruluk

degerlendirmesi yapmislardir. En ytliksek ortalama
dogruluk degeri %85 ile U-Net mimarisi ve 244x244
veri boyutu kullanilarak elde etmislerdir. Her iki
calisma sunulan c¢alisma ile karsilastirildiginda,
sunulan ¢alismada da U-Net mimarisi kullanilarak
aktarimli 6grenme daha yiiksek bir ortalama
dogruluk (%99.17) elde edilmistir.

Sunulan ¢alismada, 6nceden LANDSAT-8 uydu
goriintileri ile egitilmis U-Net mimarisi (Erdem, vd.,
2020) ve az sayida SENTINEL-2 uydu goriintiisi veri
seti  kullanillarak aktarimli 6grenme islemi
uygulanarak yliksek dogrulukta kiyi ¢izgisi ¢ikartma
isleminin gerceklestigi gosterilmistir. SENTINEL-2
goriintiilerine ait etiketli verilerin olusturulmasi icin
OSM su poligonlarinin elle diizeltilmesi ile birlikte
zaman kazandiran bir yoéntem  oldugunu
gostermistir.

5. TARTISMA

Aralarinda benzerlik bulunan gorevleri ayr1 ayri
degerlendirip en bastan egitim islemi
gerceklestirmek, yeterli sayida egitim veri seti
hazirlamak, maliyetli ve insan giicii gerektiren bir
uygulamadir. Bu ¢calismada benzer gorevleri ayri ayri
egitmek yerine daha az veri sayisi ile daha kisa
stirede egitim yapildig1 ve bilgi aktarimin miimkiin
oldugu aktarimli 6grenme yontemi kullanilmistir.
Uydu goriintiisii ile egitilmis bir mimarinin aktarimli
o0grenmede baska bir uydu goriintiisiiyle egitiminin
kiy1 cizgisi cikarimindaki performansi
arastirilmistir. Bu amag i¢cin semantik boliitleme
amaciyla gelistirilen U-Net derin 6grenme mimarisi
onceden egitilmis model olarak secilmistir ve
aktarimli 6grenme islemiyle entegre edilerek az
sayidaki veri ile tekrar egitim gerceklestirilmistir.
Egitim isleminin ardindan 7 farkli SENTINEL-2 uydu
goriintisiinden kiyi cizgisi cikartilmistir. Benzer iki
gorev arasinda bilgi aktarimi yapildigindan her iki
gorev i¢cin de ayr1 ayr1 biliyik veri setleri
hazirlamanin 6ntline gecilmistir. Boylece zaman ve
insan giliclinden tasarruf edilmistir.

Bu calismada, dogruluk analizi sonuglari
aktarimli 6grenme kullanarak SENTINEL-2 uydu
goriintilerinden kiy1 cizgisi ¢ikarimininda verimli
sonuglar iretilebildigi sonucuna ulasimistir. Elde
edilen sonuglarin kiy1 ydonetimi, kati madde tasinima,
kiy1 ¢izgisi zamansal degisimi, vb. calismalarda
kullanilabilecegi degerlendirilmektedir.
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ABSTRACT

Synthetic Aperture Radar (SAR) images are used in several different applications
for Remote Sensing purposes. SAR is an imaging sensor that can detect high-
resolution ground images under a wide variety of imaging conditions. As SAR is
an active system, the data are already acquired with geo-position information.
To investigate to verify the image spatial accuracy, a part of the Antalya region of
Turkey was selected as test site. OpenStreetMap (OSM), SAR and
Photogrammetric Digital Map (PDM) data within the test area were used. First,
characteristic common points were selected on the OSM data and the SAR
satellite image both. The projected coordinates of these points were calculated
with the QGIS software. Normal distributions of the coordinate differences in
these data sets were plotted. It was confirmed that the data sets were in normal
distribution and standard deviation values were calculated. The maximum and
minimum confidence interval (95%) was determined according to the
2*standard deviation limit values. X and Y coordinate differences were
calculated for 49 selected points from both image pairs SAR&OSM and
SAR&PDM. Finally, the maximum differences show that the SAR positional
accuracy respect to OSM and PDM is below 1 pixel azimuthal resolution.

Sentinel-1 SAR goriintiileri mevcut haritalarla nasil eslesir

Anahtar Kelimeler:
Uzaktan Algilama
Sentinel-1(SAR)
OpenStreetMap(OSM)
FotogrametrikSayisal
Harita(FSH)

0z

Sentetik Agiklikli Radar (SAR) goriintiileri, Uzaktan Algilama amaciyla birkag
farkli uygulamada kullanilir. SAR, ¢ok cesitli goriintilleme kosullari altinda
yuksek ¢oziniirlikli zemin goriintilerini algilayabilen bir goriintileme
sensoridir. SAR aktif bir algilama sistemi oldugundan, veriler halihazirda
cografi konum bilgisi ile elde edilmistir. Goriintiiniin mekansal dogrulugunu
arastirmak icin, Tiirkiye'nin Antalya boélgesinin bir kismi test bolgesi olarak
secildi. Test alani icindeki OpenStreetMap (OSM) , SAR ve Fotogrametrik Sayisal
Harita (FSH) verileri kullamldi. ilk olarak, hem OSM verileri hem de SAR uydu
goriintlisiit  lizerinde Kkarakteristik ortak noktalar secildi. Bu noktalarin
koordinatlar1 QGIS yazilimi ile hesaplandi. Bu veri setlerindeki koordinat
farkliliklarinin normal dagilimi ¢izildi. Veri setlerinin normal dagilimda oldugu
dogruland1 ve standart sapma degerleri hesaplandi. Maksimum ve minimum
giiven araligl (% 95) 2*standart sapma sinir degerlerine gore belirlendi. SAR &
OSM ve SAR & FSH gorintii ciftlerinden segilen 49 nokta icin X ve Y koordinat
farkliliklar1 hesaplandi. Son olarak, maksimum farklar, SAR konumsal
dogrulugunun OSM ve FSH'ye gore 1 piksel azimut ¢6ziiniirligiiniin altinda
oldugunu goéstermektedir.
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1. INTRODUCTION

Synthetic Aperture Radar (SAR) images are used in
applications for the Earth observation purposes since
decades. SAR satellites carry an imaging sensor that can
detect high-resolution ground images under a wide
variety of imaging conditions (Demirci, 2005). To
investigate the accuracy of the acquired SAR image from
Sentinel-1 satellites, the Antalya is selected as test area.

The OpenStreetMap (OSM) and Photogrammetric
Digital Map (PDM) data were used in comparison.

OSM is a common dataset used in many websites
and mobile applications (Unen, 2013). The accuracy
(51.5%) of OSM data in the Wuhan region of China were
reported in Wang (2015). Cabuk et al., (2015) shows
that 1: 50.000 scale OSM dataset is not enough to
support the map production process.

PDM are used in public institutions and
organizations and for the purpose of Geographical
Information System (GIS). A study investigated (Kara
2019), the accuracy of Photogrammetric Digital Maps
which contains the provincial borders of Erzincan and it
has been reported that the horizontal coordinate
average was calculated as 6cm and the vertical
coordinate average as 10cm.

S1A data products are already consistently
providing highly accurate geolocation (Schubert 2015).
Thus, we tried to explore the spatial accuracy of Sentinel
1 SAR data in respect to the available existing sources
OSM and PDM.

In this study, characteristic common points were
selected to compare the SAR and map data sets by 55
points for each data set. These points were chosen
randomly from the, e.g. building and border corners and
road junction points. The differences of the orthogonal
coordinates of the raw data and the coordinates
between the OSM and the SAR data and the PDM and the
SAR data were calculated. It was identified that the data
sets had normal distribution (Figure 2 & Figure 3).

Standard deviation values were calculated in the
second step in order to eliminate the outlier data points.
Maximum and minimum confidence intervals (95%)
were selected with respect to the 2*Standard deviation
limit values. Then, erroneous data points were removed
and 49 error-free data points were remained in each
data set. Coordinate differences (Ya-Yc) of 49 common
points in OSM and SAR data set; Coordinate differences
(Yd-Yc) of (Xa-Xc) and 49 common points in PDM and
SAR data set; (Xd-Xc) were calculated separately. The
standard deviations of these coordinate differences
were 11.646m, 7.842m and 10.520m and 8.438m
respectively (Table 1 & 2). Coordinate difference graphs
and location graphs of these data sets were drawn.
Finally, as found in the comparison in these two data
sets, it is shown that the SAR image data is have about
20 m accuracy.

2. MATERIALS AND METHOD

In this study, Antalya is selected as a test site as
shown in Figure 1. The used datasets are Sentinel 1 SAR
image, OSM and PDM which was provided by
Municipality of Antalya.

Sentinel 1 has C band RADAR sensor, operated by
European Space Agency, and the respective data can be
provided from Copernicus data hub. The C band has a
frequency of 4 - 8 GHz and a wavelength of 7.5 - 3.8 cm.
Over the past 30 years, SAR has been the most
important data source in monitoring (Flores-Anderson
et al. 2019). Therefore, it can penetrate into vegetation,
dry soil and glaciers. The data have range and azimuth
resolution 20x22 m respectively. They are provided
with 10 m pixel spacing through Ground Range Detected
(GRD) file format. GRD products consist of focused SAR
data that has been detected, multi-looked and projected
to ground range using an Earth ellipsoid model. There
are three different GRD product resolution modes; Full
Resolution (FR), High Resolution (HR) and Medium
Resolution (MR). Product Resolutions by Mode: Strip
Map (SM) GRD, Interferometric Wide Swath (IW) GRD
and Extra Wide Swath (EW) GRD (URL-1). In this study,
IW mode and HR resolution product were used.

OSM is an online geodatabase  with
OpenDataCommons license, which any person can
contribute and update the datasets (Cabuk et al., 2015).
OSM is a dataset service, created by a OSM Foundation
that provide data about revery kind of features in the
Earth. PDM dataset is produced by Antalya Municipality
with 1/5000 scale.

The accuracy of dataset is depending on the used
data source (e.g. Satellite, mainly optical) and the
digitizer accuracy.

Figure 1. Map of study area which is produced by
using Sentinel-1. In the small map selected total area
are shown on the Turkey map

In this study, QGIS 3.12 and Sentinel Application
Platform (SNAP 7.0) software were used to evaluate the
data. The QGIS software was developed by the Open
Source Geospatial Foundation (OSGeo) (URL-2). QGIS
software is a multi-platform free and open source GIS
software that provides data viewing, editing, and
analysis capabilities. SNAP software was developed by
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the European Space Agency (ESA). SNAP software, on
the other hand, is a common software and is developed
for fast viewing, layer management, geocoding and
correction using ground control points.

The Subset calibration, Speckle filtering and
Geometric correction procedures were applied to the
SAR Sentinel-1 Satellite data in the SNAP program.
Calibration process has been applied. The objective of
SAR calibration is to provide imagery in which the pixel
values can be directly related to the radar backscatter of
the scene. Filter operation "Lee" (3*3) filter is applied.
WGS84 datum was used for geometric correction
(Yommy et al,, 2015 ; Smara et al.,, 2015)

55 data point were selected from OSM (a), Sentinel-
1 (c) and PDM (d) datasets. OSM (a), Sentinel-1 (c) and
PDM(d) data of the study area were registered using
the QGIS program.

Orthogonal Coordinates of 55 points were obtained
with Python code software according to TUREF TM 30
reference information (URL-3).

3. RESULTS

In the first step, the coordinate differences of OSM
and SAR data points (Ya-Yc) and (Xa-Xc) were
calculated and the histograms of these coordinates were
drawn (Figure 2 & 3).
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Figure 2. Histogram of Y Coordinate Differences (Ya-
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Figure 3. Histogram of X Coordinate Differences (Xa-
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In the second step, 55 points were used in
comparison of SAR (c¢) and PDM (d) data. The
coordinate differences (Yd - Yc and Xd - Xc) of these data
points were calculated and histogram graphics were
drawn (Figure 4 & 5).

OSM (a), SAR (c) and PDM (d) data sets were
determined to be in normal distribution.
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Figure 4. Histogram of Y Coordinate Differences (Yd-
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OSM (a) and SAR (c) data sets were determined to
be normally distributed. The mean value of the (Ya - Yc)
and (Xa - Xc) coordinate differences and standard
deviation values were calculated. According to Equation
1; The minimum and maximum limit values of 2
standard deviations (95%) were calculated and outliers
were removed from the data sets. Thus, 49 compatible
coordinates were found and the obtained results are
presented in Table 1.

€y

As seen in Table 1, the standard deviation is 11.646
m in the (Ya-Yc) differences and 7.842 m in the (Xa-Xc)
differences. In addition, according to the 2 * Standard
Deviation limit values, in (Ya-Yc) differences; in the
range of [-22.730m to 23.855 m] and (Xa-Xc)
differences; values have been reached in the range of [-
17.216 m to 14.152.86 m].

X-20)<sp <X +20)
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Table 1. Computational summary of 49 compatible
coordinates.

Calculation 1 [Ya-Yc] m [Xa-Xc] m
Average 0.563 -1.532
Std.Deviation 11.646 7.842
2*Std.Deviation 23.293 15.684
Minimum -22.730 -17.216
Maximum 23.855 14.152

To obtain the error levels we used the percentage
errors ([(Ya-Yc)/ Ya]*100 and [(Xa-Xc)/Xa]*100) of the
difference values of the selected 49 points. We found
that they vary between [-0.004 to +0.004] and [-0.001 to
+0.001] for the above data sets, respectively.

According to Equation 2; (Ya-Yc) and (Xa-Xc)
location values were calculated from the coordinate
differences. Location graphs of 49 compatible points
were drawn (Figure 6 & 7).
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OSM and SAR Location Differens Value
Graph

O Location Differens Value
1
47988——23 4
458 m 6
a8 % SNV N7
43 /% 5% e S N
42// RSN 1 LR \\9
/ SN ] 7N \

Ty \\\\ NS A0
40 i R ST EEX \ 11
39 1/ [ RS o] \\ 12

| i >=ce l |
38 | ~~_';:; ------- 6 4:___; 1 i 13
37 T e e SRR I H . T ] 14
36\ 2 VSRR R TR T ] /15
\ \ QST ‘\‘ N /

35§ WS de AW, /16
34\ \\ < i “’ - |// /17
33 \ & = ‘E‘;'- - "\ hy / 18
EV AR EF T \/&/ 19
31\ ~— 20
30 ) <21
2 28551 &+ 53 2
2726 2524

Figure 6. Location diffrences value graph between OSM
and SAR data sets.

In figure 7, the upward direction to the right is Y

(m) and the upward direction is X (m).
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Figure 7. Coordinate plot of compatible points in
0OSM(a) and SAR(c)data.

It is shown that the PDM (d) and SAR (c) data set
differences showed normal distribution. The average
value of the (Yd-Yc) and (Xd-Xc) coordinate differences
and standard deviation values were calculated.
According to Equation 3; the minimum and maximum
limit values of 2 standard deviations (95%) were
determined and 49 compatible coordinates were found.
The results found are shown in table 2.
X—-20) < p <(X+20) 3)

As seen in Table 2, the standard deviation was
10.520 m in the (Yd-Yc) differences and 8.438 m in
(Xd-Xc) differences. In addition, according to the 2 *
Standard Deviation limit values, in (Yd-Yc) differences;
in the range of [-22.044 m to 20.035 m] and (Xd-Xc)
differences; values in the range of [-18.298 m to 15.452
m] have been reached.

Table 2. Computational summary of 49 compatible
coordinates.

Calculation 2 [Yd-Yc] m [Xd-Xc] m
Average -1.004 -1.423
Std.Deviation 10.520 8.438
2*Std.Deviation 21.040 16.875
Minimum -22.044 -18.298
Maximum 20.035 15.452

We also calculated the percentage error of the
difference values of selected 49 points and found that it
varies between [-0.004 to +0.004] and [-0.001 to
+0.001], respectively.

According to Equation 4; (Yd-Yc) and (Xd-Xc)
location value was calculated from the coordinate
differences. Location graphs of 49 compatible points
were drawn (Figure 8 & 9).

Sac =/(Yd —Yc)? + (Xd — Xc)? 4)
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Figure 8. Location differences value graph between
PDM and SAR data.

In figure 9 and 10, the upward direction to the
rightis Y (m) and the upward direction is X (m).
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Figure 9. Coordinate plot of compatible points in
PDM(D) and SAR(C) data.

Finally, a graph shows the coordinate difference
values of the data sets (Ya-Yc, Xa-Xc and Yd-Yc, Xd-Xc)
both. From this chart (Figure 10), it was observed that
95% of the coordinate differences were within the + 25
m radius circle. 53.1%, of the (Yd-Yc) and (Xd-Xc)
coordinate differences (blue points) are located within
the = 10m circle, while 36.7%, of the (Ya-Yc) and (Xa-Xc)
coordinate differences (orange points) are located
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within the + 10m circle. Thus, we may conclude that the
OSM data fit SAR data better than PDM data.

Coordinate Differences
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Figure 10. Location graph created according to OSM,
PDM and SAR coordinate differences.

4. CONCLUSIONS

In the study of the spatial accuracy of Sentinel-1 SAR
satellite images, OSM and PDM data were used for
comparison. OSM and PDM data sets were used as
accurate data and SAR satellite data as experimental
data set.

55 points were used to compare OSM(a), SAR(c) and
PDM(d) data sets. 6 points of data were excluded from
each data set because they were incompatible.
Coordinate differences were calculated with 49 points
in the comparison of the data sets without error on OSM
(a), SAR(c) and PDM(d). Average and standard deviation
values were calculated. The minimum and maximum
values were determined according to the value of 2 *
standard deviation (95%).

It was observed that the coordinate differences
(Yd-Yc) and (Xd-Xc) were represented better than the
coordinate differences (Ya-Yc) and (Xa-Xc) within the
+ 10m radius circle.

As a result, it is concluded that SAR data with a
maximum difference with 20 m well fit with OSM and
PDM data sets. SAR data show better agreement with
OSM data compared to PDM data for the +* 10m
difference . It can be concluded that OSM and PDM
datasets can be directly used with Sentinel 1 datasets
without need of intensive co-registration for any further
analysis.
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ABSTRACT

Bathymetry is described as Sea and Ocean depth measurements, and performed by many
methods. Traditional methods, which are still used from the past to the present, have
been replaced by modern methods with the development of technology. Sonar systems,
LIDAR and remote sensing systems are listed as examples of these modern methods. The
use of acoustic systems or LIDAR, are not economical in terms of both time and cost. In
this study, remote sensing methods are investigated in order to minimize the time and
cost. It is aimed to extract the information about bathymetry with use of free of charge
satellite images. The method data used includes Sentinel-2 satellite images taken at
different wavelengths and reference bathymetry values. Later, regression analyzes were
made by using these data in band ratio and multi-band methods. By using the coefficients
obtained by the regression analysis, the bathymetry estimation was made in places with
unknown depth using the above methods without the need for reference depth.Band
ratio and multi-band methods are used, and the results were evaluated. Bathymetric
maps obtained from two methods were analyzed with the ground-truth values of the
region and the amount of error was calculated. The highest accuracy was obtained from
the ratio of blue band to green band. It has been observed that the red band has a
disruptive effect.

Sentinel-2 goruntiilerinin kullanimiyla batimetri analizi

Anahtar Kelimeler:
Uzaktan Algilama
Batimetri

LIDAR

Sentinel-2

0z

Batimetri, Deniz ve Okyanus derinlik o6l¢limleri olarak tanimlanmakta ve bir¢ok
yontemle yapilmaktadir. Gegmisten glinlimiize kadar hala kullanilan geleneksel
yontemler, teknolojinin gelismesiyle yerini modern ydntemlere birakmistir. Sonar
sistemleri, LIDAR ve uzaktan algilama sistemleri bu modern ydntemlerin drnekleri
olarak listelenmistir. Akustik sistemlerin veya LIDAR'In kullanimi hem zaman hem de
maliyet acisindan ekonomik degildir. Bu ¢calismada zaman ve maliyeti en aza indirmek
icin uzaktan algilama yontemleri arastirilmistir. Batimetri ile ilgili bilgilerin ticretsiz
uydu goriintileri kullanilarak ¢ikarilmasi amaglanmaktadir. Kullanilan yéntem verileri,
farkli dalga boylarinda alinan Sentinel-2 uydu goériintiilerini ve referans batimetri
degerlerini igerir. Daha sonra bu veriler bant oranm1 ve ¢ok bantli ydntemlerde
kullanilarak regresyon analizleri yapilmistir. Regresyon analizi ile elde edilen katsayilar
ile, referans derinlige ihtiya¢ duyulmadan derinligi bilinmeyen yerlerde yukaridaki
yontemler kullanilarak batimetri tahmini yapilmistir. Bant orani ve ¢ok banth yontemler
kullanilmis ve sonuglar degerlendirilmistir. Her iki yontemden elde edilen batimetrik
haritalar bdlgenin gercek derinlik degerleri ile analiz edilmis ve hata miktar
hesaplanmigstir. En yiiksek dogruluk, mavi bandin yesil banda oranindan elde edilmistir.
Kirmizi bandin bozucu bir etkiye sahip oldugu goriilmiistiir.
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1. INTRODUCTION

Remote sensing is a science that provides
information about the natural and artificial objects of
the earth and evaluates them, without physical
contact with the objects by using several platforms
including satellites. It provides fast and economical
solutions for many cases including land use,
agriculture and marine studies etc.

Correct and up-to-date coastal bathymetry is a
basic requirement in sea and ocean studies. Climate
changes and environmental impacts significantly
affect coastal areas. Bathymetry data are of great
importance in developing models that can predict
these effects (Misra & Ramakrishnan, 2020). In the
literature, bathymetry are obtained from sonar
devices, lidar data and satellite images. Sonar system
and LIDAR are active remote sensing systems that
measure marine topography and physical properties
with sound waves and laser light, respectively. High
resolution bathymetric maps can be produced using
returning pulses (Brock et al, 2004; Dartnell &
Gardner, 2004). Sonar systems, are widely used in
marine ecosystem mapping in shallow and deep
water and bathymetric mapping of the sea floor
(Wilson et al.,, 2006). However, since sonar systems
are generally ship-based, they cannot collect data in
areas less shallow than 15 meters. LIDAR systems
are more suitable for mapping these shallow
environments (Costa et al., 2009). Although Drone-
based LIDAR and camera systems are capable of
producing high resolution bathymetric maps, they
only allow spatial analysis of small areas due to
technical limitations. In case of need for repeated on-
site measurements for temporal monitoring and
evaluation of the coastal zone with the above-
mentioned sonar and LIDAR systems, logistical
difficulties are encountered (Misra & Ramakrishnan,
2020). To overcome the difficulties and
disadvantages of these traditional methods, satellite-
based remote sensing techniques have been
developed (Pacheco et al., 2015). Although satellite-
derived bathymetry does not have sonar or lidar
accuracy, its large field capability, low cost and
allowing analysis for areas where are not contacted
easily (Gao, 2009).

Bathymetry algorithms derived from optical
satellite images are generally derived from physics-
based and empirical models. Empirical models are
more commonly used. Physics-based models explain
the physics of the light with the water surface, water
column and bottom and do not need points of known
depth for calibration (Maritorena et al., 1994; Lee et
al,, 1999; Brando et al., 2009; Kerr & Purkis, 2018).
Empirical models make depth estimates with
regression analysis. For this, it uses reference points
whose depth is known, and relates the reflection
with depth. (Philpot, 1989). It is basically based on
the relationship between reflected energy and water
depth. For each pixel of the satellite image, there is a
statistical relationship between the amount of
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energy detected by the sensor and the depth of the
water at that pixel location. This relationship can be
analyzed using various calculation algorithms for
bathymetry analysis (Kumari & Ramesh, 2020). Most
of these algorithms require reference points which
include about the depth (Jawak & Luis, 2015). When
physics-based models and empirical models are
compared in the derivation of bathymetry, empirical
models are more advantageous due to their easier
and faster results (Liu et al., 2015).

Satellite images have different spatial resolution
(+100 m - 31 cm). Only images with a resolution
higher than 30 m are suitable since bathymetry
derived from satellite images are based on average
depth per pixel (Bailly du Bois, 2011). High
resolution (less than a few meters) satellites such as
WorldVIEW-2 and RapidEye for deriving
bathymetry from satellite images, medium
resolution (10 - 30 m) satellites such as Landsat-8
and Sentinel-2, 3 are increasingly being tested for
bathymetry analysis of shallow regions (Caballero &
Stumpf 2019; Stumpf et al. 2003). The spatial and
spectral resolution of satellite images used in
bathymetry analyzes, satellite viewing angle,
atmospheric effects, tidal level, sunlight and
vegetation affect the accuracy. Some of these effects
can be overcome by preciese selection of satellite
images and image processing (Kumari & Ramesh
2020). In this study, bathymetry analysis was
performed with free use of Sentinel-2 images which
are freely available thorugh ESA Copernicus
program.

2. METHOD
2.1. Study Area
The study area has been selected from the

coastal zone of the city of Los Angeles in the state
of California, USA.
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Figure 1. Study area
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A preliminary analysis process was carried out
to evaluate the water quality of the study area. Green
normalized difference vegetation index (GNDVI) was
used for this procedure. Equation 1 shows the GNDVI
formula.

(NIR-GREEN)
GNDVI = ———— (1)
(NIR+GREEN)

GNDVI normalized difference vegetation index
(NDVI) is a similar method. GNDVI values take values
between -1 and 1. Values above 0.1 indicate the
presence of vegetation and values below zero
indicate water (Ma et al,, 2007). GNDVI is five times
more sensitive to chlorophyll than NDVI (Gitelson et
al., 1996).
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Figure 2. Computed color GNDVI image of the
working area.

Looking at the figure above, it is an indication of
the presence of green and yellow tones of
chlorophyll in the parts near the shore. Red areas
indicate that the water is cloudy or that the water
quality is poor. Since these cause deviations in
spectral reflections, regions with a depth of 10
meters to 30 meters were chosen as the study area.

2.2. Materials

Sentinel-2 satellites are part of the European
Space Agency Copernicus profile. Two twin satellites
(A / B) contain multi spectral images (MSI) with 10,
20 and 30m spatial resolution. Sentinel-2 MSI is a
polar-orbit, multi-band, high resolution, 5-day
spatial resolution twin satellite system that aims to
perform field analyzes such as vegetation, soil and
water cover areas. Atmospheric effects are present
in Sentinel-2 Level-1C products. Since March 2018,
the atmospheric effects of Level-2A products derived
from Level-1C products have been presented to the
public in a corrected manner. Sentinel-2A became
operational on June 23, 2015 and Sentinel 2B on
March 7, 2017. (Agency, European Space, 2015).
Sentinel-2B level 1C satellite images of the study
area dated 30/03/2019 were downloaded from
Scientific Data Hub. The spectral and spatial
properties of the bands used in the study are shown
below. In order to eliminate atmospheric effects,
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atmospheric correction was applied on the images
with the QGIS program.

Table 1. Sentinel-2 satellite band features

Band Name Central Spatial
wavelength resolution
(nm) (m)

1 Aerossol 443 60

2 Blue 490 10

3 Green 560 10

4 Red 665 10

5 Red Edge 1 705 20

6 Red Edge 2 740 20

7 Red Edge 3 783 20

8 NIR 842 10

9 Cirrus 945 60

10 SWIR 1 1380 60

11 SWIR2 1610 20

12 Red Edge 4 2190 20

Reference bathymetry data of the analysis area
was obtained from TCarta Global Bathymetry GIS
Data site at 10m resolution. Bathymetry data belong
to the date of 27/09/2017 and satellite images were
chosen as the closest date to bathymetry acquisition
data depending on weather conditions.

2.3. Method

The analysis is directly dependent on solar
radiation. Absorption, scattering and reflection
occur when solar radiation reaches the water
surface. The energy of the light entering the water
body will be reflected from the base and reach the
sensor. Depth estimation can be made as a function
of light reflected from underwater using bands of
different wavelengths. Depth was estimated using
different band combinations in the study. Different
combinations were obtained by using blue, green
and red spectral bands. The interaction of each band
with the water column has different reflection
properties, which is an important factor in
improving accuracy in depth estimation.

2.3.1. Dual Band Ratio Method

The bottom reflectance of the two bands does
not change with the type of substrate. This can
eliminate the influence of water type and the ratio of
the two bands can be used to calculate water depth
(Chen etal., 2019; Bramante et al., 2012).

. In(nRyw ()

Z = Mo * e R 1)

my (2)

Equation 2 Ai and Aj are the reflection values of
the bands. For the equation to be positive in all
conditions, n is a constant number. The reference
bathymetric depths will be written instead of z and
the m1 and mO coefficients will be found. By using
the coefficients found, a depth estimation is aimed
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for areas of unknown depth. This method is based on
the absorption of each tape into a different body of
water. These different absorptions create a ratio
between the bands. These rates theoretically
increase as the depth increases.

2.3.2. Multi Band Method

The multi-band model represents more than one
aspect of water depth (Stumpf et al., 2003). Z
reference depth values, spectral reflection values of
the R,, nband, a are indeterminate coefficients.

Z = ay+ a;ln(Ry) + ayIn(Ry) +...+a,In(R,) (3)
The above equation calculates unknown
coefficients a,, by multiple regression analysis, using
R,, bands against reference depth values.
2.3.3. Accuracy Evaluation
The results obtained from both models were

evaluated with absolute error (D,), relative error
(Dy) and RMSE (D).

lz1-22|

Dy =22 (4)
Zn Z1-22

D, = @ (5)

n

’n 32
Dc: 21(Z1n Z3) (6)

z, represents the actual depth value, z, represents
the calculated depth value n and the sample size.

3. RESULTS

Correlation analysis was performed between
reference bathymetry values and band combinations
to determine the most appropriate method and band
combination. Table 2 below shows the calculated
correlation coefficients.

In the multi-band model, the best correlation
was obtained with the combination of blue, green
and red bands. In the double band ratio model, the
lowest is obtained from the ratio of blue band to
green band. In general, it is seen that the correlation
coefficients are significant. Equation 2 regression
analysis and Equation 3. As a result of multiple
regression analysis, the depth estimation of the
analysis area was made by calculating the m and a
coefficient.
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Figure 5. Band rate distribution

As shown in Figures 3, 4, 5, the (blue) / In
(green) band ratio values fit better along the
regression line compared to the other graphs. In In
(blue) / In (red) and In (green) / In (red) band
combinations, scattering from the regression line is
observed in regions with a depth of 10 to 15 meters
and 25 to 30 meters. The factors causing these
scattering are the fact that the red spectral band has
more absorption in the water column than the other
bands, resulting in a narrower spectral reflection
values. This narrow spectral reflection range is
thought to cause scattering in the regression line in
combinations with the red band.

Using the coefficients calculated by regression
analysis, Equation 2 and Equation 3 depth
estimation was made at points of unknown depth.
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Figure 6. Reference bathymetry map of the study
area
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Figure 7. In (blue) / In (green) forecast bathymetry
map
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Figure 8. In (green) + In (blue) + In (red) forecast
bathymetry map

It has been observed that the estimated
bathymetry maps generally have values close to each
other. The best correlation was obtained from
multiple regression analysis with a combination of

blue, green, and red bands. The lowest correlation
was calculated from the ratio of the blue band to the
green band. The error from the blue, green and red
band combination with the best correlation is higher
than the error from the ratio of the blue band to the
green band with the lowest correlation (Table 2).
The reason for this error is the changes in the
spectral reflection of the red band associated with
the water column.

Table 2. Correlation and error of band groups

Models

Dual band ratio
method

Multi band
method

In(blue)/ In(blue/In(green)
In(green) In(red) In(red)

n(blue)+ In(blue)+
n(green) In(green)+

In(red)
Correlation 0.802 0.884 0913 0.966 0.968
Absolute 5.364 5429 5431 5.607 5.951
error(m)
Relative 30.199 32.883 32.233 | 32913 34.669
error(%)
RMSE(m)  6.565 6.835 6.722 6.909 7.305
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4. DISCUSSION AND CONCLUSIONS

This study demonstrates the potential of
Sentinel-2 satellite images to predict bathymetry at
10 m spatial resolution for Los Angeles coastal
regions in low turbidity conditions. Analyzes made
with Sonar and LIDAR systems are restricted in
terms of time and cost. However, bathymetry studies
made with satellite images were much less affected
by time and cost as in this study. In addition, it has
been seen that it has a greater potential than others
in terms of repeatability and analysis of large areas
compared to other analysis methods. Bathymery
products derived from satellites can be obtained in
both models. In the study, it was seen that the
methods used did not adapt well due to the greater
absorption of sunlight in the regions around 25 m.
Several researchers report that the methods are
successful in shallow water areas of about 15 m
(Kerr & Purkis, 2018). When evaluating the accuracy
of the methods used in the study depending on
seasonal effects, the amount of chlorophyll in the
water and the turbidity of the water are the most
important factors affecting the accuracy of the study.
Because the methods show better results in clear
shallow water. In a study, the relationship of
chlorophyll amounts with the seasons over the years
was examined and it was determined that the
amount of chlorophyll changed according to the
season (Liu & Wang, 2013).

The red band at 665nm (B04) has a narrow
reflection range as a result of its interaction in the
water column. This caused more scattering than
other band combinations (Figure 9.) in regions with
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depths of 10 m and 15m and 25 m and 30m, resulting
in outliers.
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Figure 9. Logarithmic reflections of blue, green, red
bands.

Bathymetry data derived from satellites can be
used as reference data in remote areas, hard-to-
reach areas or areas not drilled. Therefore,
bathymetry can be considered as a potential
technology in areas where research is not conducted
or is insufficient.

In this study, Sentinel-2 demonstrates the
ability to produce bathymetric maps with 10 m
resolution with satellite images. The methods
showed satisfactory results in shallow and less
turbid waters. In the band ratio method, the ratio of
blue band to green band gave healthier results
compared to other band combinations. In band
combinations with red band, it has been observed
that the interaction of the red band with the water
column causes more errors than the other
combinations. Work may include to investigate the
methods with use of higher resolution datasets.
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ABSTRACT

Ceyhan Plain is located at the southern of Turkey within the borders of Adana. This
region as known as Cilicia Pedias in the ancient period. There are many lost and
undiscovered ancient sites in Cilicia Pedias. At 3, 4 and 5 spectral bands of Landsat 7
image, it was determined that the archeological sites yield different spectral reflection
values from other surface vegetation close to the modern settlement areas. Especially at
near-infrared 4th band image, subsurface and surface ancient sites were determined.
The unsupervised classification, Histogram Equalization and Principal Component
Analysis methods were used with Image analysis 4, 3, 2 band combination. It was
determined that the ancient sites may be distinguished from the modern settlement
areas with Principal Component Analysis and linear method. The one of which the
resolution is higher in the visual perception was used in 8th band imagery enhancement
procedure. Also by using Spot and Aster images, the distribution and spatial features of
sites were analyzed. In this paper, 42 units’ unknown ancient sites were determined
except for the sites which had been known but got lost due to the destructing.

Kilikya Pedias'ta Uzaktan Algilama Kullanilarak Arkeolojik Yerlesim Tespiti

Anahtar Kelimeler:

Uzaktan Algilama
Arkeolojik Yerlesim
Tespiti

Landsat 7 ETM+
Kilikya Pedias

0z

Ceyhan Ovas, Tiirkiye’'nin glineyinde Adana sinirlari igerisinde yer almaktadir. Bu bolge
antik donemde Kilikya Pedias olarak bilinmektedir. Kilikya Pedias'ta kaybolan ve
kesfedilmeyen bir¢ok antik yerlesim bulunmaktadir. Landsat 7 goriintiisiiniin 3, 4 ve 5
spektral bantlarinda, arkeolojik alanlarin modern yerlesim alanlarina yakin diger yiizey
bitki drtiisiinden farkl spektral yansima degerleri verdigi tespit edilmistir. Ozellikle
yakin kizilotesi 4. bant goriintiisiinde yer altindaki ve yiizeydeki antik yerlesimler
belirlenebilmigtir. Gorilintii analizinde 4, 3, 2 bant kombinasyonlar ile Egitimsiz
Smiflandirma, Histogram Esitleme ve Temel Bilesen Analizi yontemleri kullanilmistir.
Temel Bilesen Analizi ve dogrusal yontem ile antik yerlesimlerin modern yerlesim
alanlarindan ayrilabilecegi tespit edilmistir. Gorsel algilamada ¢oziintirliigii daha yiiksek
olan 8. bant goriintii zenginlestirme isleminde kullanilmistir. Ayrica Spot ve Aster
gorintiileri kullanilarak yerlesimlerin dagilimi ve mekansal 6zellikleri analiz edilmistir.
Bu makalede bilinen ancak tahrip nedeniyle kaybolan antik yerlesimler disinda 42
bilinmeyen antik yerlesim tespit edilmistir.
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1. INTRODUCTION

Ceyhan Plain is located at the southern of
Turkey within the borders of Adana. Ceyhan Plain
which is located at a strategically significant location
has become the center of interest of various cultures
as of prehistorical periods, and this region as known
as Cilicia Pedias in the Ancient Period. Cilicia Pedias
is surrounded by high mountain ranges, Taurus
Mountains to the north and west, Amanus Mountains
to the east and the southern Mediterranean. There
are many lost and undiscovered ancient sites in
Cilicia Pedias. Ancient sites in this region are of small
size, and there are ceramics, adobe and stone
materials subsurface and on the surface. Especially
the ceramics, which are among the archaeological
materials belonging to the sites, have spread over
wide areas due to destruction and agricultural
activities. The scale of the map showing the ancient
sites found during the survey conducted in this
region by Seton-Williams (1954) was insufficient in
determining the location (Figure 1). It is also
unknown how many archaeological sites remain
undiscovered in Cilicia Pedias.
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Remote sensing is playing an increasingly
important role in the detection and documentation
of ancient sites (Corrie, 2011). It is known that the
archaeological remains, especially ceramic, stone
and adobe materials, which have less permeability
than their surroundings and retain heat, give a
different reflection value than the soil reflection
(Lillesand & Kiefer, 2000; Etaya et al., 2000). These
different heat properties can be used as a valuable
tool for detecting ancient sites. Passive optical
remote sensing technologies are effective tools to
detect the presence of buried archaeological remains
(Lasaponara & Masini, 2013). Remote sensing
technology can perceive the spectral characteristics
of objects on ground and from a short distance
beneath the surface (1-2m) (Kvamme, 2005). The
aim of this study is to determine the spectral features
of sites which were stayed under the alluvium in the
bottom land and destructed by being graded by using
the satellite images and to determine the locations of
these settlements.
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Figure 1. Sites and study area surveyed in 1951 (Seton-Williams, 1954: Figure 1).

The majority of archaeological remote sensing
work in the Asia Minor and Middle East has been
limited to detecting sites using the visible area of the
electromagnetic (EM) spectrum, often neglecting a
satellite’s full multispectral capabilities (Drzewiecki,
2008; Corrie, 2011; Fiz et al,, 2012;). This has usually
involved simply enlarging high-resolution images by
zooming into areas of interest to find sites and
performing simple image processing procedures
(Wilkinson, 2002; Ur, 2003; Beck, 2007; Corrie,
2011). The multispectral capability of satellite
images can strongly improve the identification of
differences in texture, moisture content, roughness,
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topography, various types of terrain, vegetation
cover, lithological and geological composition and
other information used in archaeological studies
(Lasaponara & Masini, 2013).

Many remote sensing studies used to the
archaeology are the studies used to determination of
large archaeological settlements by mainly using the
radar (SAR, LIDAR) (Parcak, 2007; Chase etal., 2012;
Fernandez-Diaz, 2014; Opitz et al., 2015; Golden et
al,, 2016). The sites in Cilicia Pedias are mainly small
scale and they covered with less permeable clay-
sized soil.
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2. MATERIALS AND METHODS

In this paper, Landsat 7 ETM+, Spot and Aster
images and Erdas Imagine software were used. The
approximate positions of sites that Seton-Williams
(1954) identified in his research in Cilicia Pedias and
satellite images covering this area were transferred
to Geographical Information System (GIS) database.

A small test area was selected in the study area
in order to determine the spatial and spectral
features of sites at optimum level and maximize the
determination level. This test area was selected in
the way that it would cover three of sites which were
determined by Seton-Williams (1954). In the image
analysis, band combination, unsupervised
classification, contrast enhancement and principal
component analysis method were used. In the visual
interpretation, the spatial features of sites were also
comparatively investigated by using Spot and Aster
images. The anomalies used in the research were
documented with the help of GPS in the land.

3. IMAGE ANALYSIS AND INTERPRETATION
FOR DETERMINING ANCIENT SITES

The main purpose of remote sensing is to detect
changes in spectral reflectance values between the
area of interest and its surroundings. The basis of
any remote sensing study is the development of a
research strategy that maximizes the chances of
searching in high probability locations (Corrie,
2011). In order to determine archaeological sites
there needs to be an understanding of how area is
defined, and which spectral bands can be used to
detect them. In Landsat 7-ETM+ image (Table 1), itis
seen that the ancient sites have more reflection
values in visible region bands 3, 2 and near-infrared
(NIR) band 4 yield a reflection value different from
other surface objects (Figure 2). For this reason, it
was deemed appropriate to use 4, 3, 2 spectral bands
and panchromatic band 8 with high resolution in
image interpretation processes.

Table 1. Landsat 7 ETM+ specifications

Bands Wavelength Resolution
Band 1 Blue 0.441-00514 30
Band 2 Green 0.519- 0.601 30
Band 3 Red 0.631-0.692 30
Band 4 NIR 0.772- 0.898 30
Band 5 SWIR-1 1.547 - 1.749 30
Band 6 TIR 10.31-12.36 60
Band 7 SWIR-2 2.064- 2.345 30
Band 8 Pan 0.515-0.896 15

According to Figure 2, the destructed and
subsurface ancient sites give close reflection values.
It is seen that the sites which have a specific
elevation have a high reflection value. It is a
presumable case that the sites of which material
contents are dense may yield higher reflection value

compared to the sites which are destructed and
material content has been expanded to the wider
areas. The sites do not show a homogeneous
structure in order words their internal structures
and geomorphological features differ from each
other. It is a presumable case that they may yield
close spectral values due to that the material content
of sites is same with the content of modern
settlements. There are adobe materials, ceramics,
earthenware floors and roof tiles in the sites and
modern settlements. There are modern settlements
on some sites. As the geomorphological properties of
sites are different from the properties of modern
settlements, they may be determined with slight
spectral variations in 3, 4th (R, NIR) bands.
Therefore, it will be a right approach to review both
spectral and spatial properties in order to
distinguish the ancient sites from modern
settlements in a right way.
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Figure 2. Spectral profiles of sites and several
landscape features

The use of Landsat 7 ETM+ 4, 3, 2 (NIR, R, G)
band combination and 8th panchromatic band of
which resolution was high in imagery enhancement
procedure gave positive results (Figure 3). The
presence of materials such as dense ceramic, tile,
adobe material and stone foundation in the structure
of sites which are archeological settlements caused
to different reflection values compared to their
surroundings and created a contrast (Beck, 2007). In
the visual perception, band 4 properties were
effective on the determination of sites at the satellite
image. These are varied in texture, shape, size, and
tone, and ancient sites were easier to identify when
at least two properties could be examined together.
The ancient sites can be determined in the satellite
images due to these properties.

The primary purpose of archaeological remote
sensing is to detect changes in contrast between the
area of interest and its surrounding matrix (Corrie,
2011). It was determined that the cereals were very
rare especially in the destructed sites. This is
resulted from the density of ceramic parts in the sites
and the stone foundations. There is a direct
proportion between the size of site and ceramic
density. In a medium sized site, the reflection
decreases as the density of ceramic increases. In the
test area, there were sites which were not
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destructed, of which big part was destructed and in satellite images were examined and analysis
there were modern buildings. Thus, the methods that distinguish them from modern
characteristic features of sites with different features settlements were applied.

Figure 3. Study area with boxed testing area. Landsat 7 ETM+ 4, 3, 2 (NIR, R, G) band combination, Visually
Enhanced Image. Sites known from an earlier survey are filled in red, while newly discovered sites are circled.

&, 3453 D9 09

In the Landsat 7 ETM + 4, 3, 2 (NIR, R, G) band enhancement procedure (Jensen, 2005), Standard
combination, the sites are usually circular or Deviation Contrast Stretch techniques among
elliptical and feature a radiant tone with a bright Histogram Equalization and Linear Contrast Stretch
central portion and a lowering proximo-distally. The methods of Nonlinear Contrast Stretch methods
sites which were not destructed had a circular and were used. These techniques used in the visual
very bright tone characteristic and a shade occurred perception made the sites more distinctive. Using
at northern part due to elevation. The sites which Spot and Aster images, the distribution and spatial
were not destructed may be easily distinguished features of sites were analyzed. In the visual
from the modern settlements and roads due to their perception, the determinations obtained from
very bright tones, sizes, circular shapes, textures and Landsat 7 ETM+ image were also valid for Aster and
due to that they did not create a shade. The Spot images of which resolution is high.
destructed sites can be easily distinguished due to In the test area, 6 classes were selected with
their bright tones and brightness tones descending Landsat 7 ETM+ 4, 3, 2 (NIR, R, G) band combination
in the proximo-distal, sizes and shapes. In this area, and unsupervised classification was made (Figure 5).
11 unit sites which show same anomaly properties The sites may be visually distinguished from the land
were determined (Figure 4). vegetation, modern settlement and roads. The sites

Image enhancement procedure interprets the are distinguished from the natural land vegetation in
data better and it is the procedure to turn the the spectral resolution analysis but take place within
information in a more interpretable way. Digital the same class with the modern settlements and
image processing enhances the imagery to make it roads. As stated before, the distinguish of spectral
more interpretable. Using image enhancement reflection value between the sites and modern
methods in Landsat 7 satellite images, ancient sites settlements is very critical due to that the material
have become more easily detectable. In contrast contents are similar and same.
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ndsat 7 ETM+ 4, 3, 2 (

Figure 4. Testing area. La

NIR, R, G) band combination. Sites prviusly known from an

3

earlier survey are filled in red, while newly discovered sites are circled. Modern settlements are squared.

P - |
Unsupervised Classification 6 class.

Principal Component Analysis is used for
spectral pattern recognition as well as image
enhancement (Kumar, 2004). With Principal
Component Analysis method, the sites on which
linear lookup was made were distinguished from the
modern settlements and roads to a large extent. The

Figure 5. Testing area. Landsat 7 ETM+ 4, 3, 2 (NIR, R, G) band combination False Color Composites (FCC),

modern settlements (boxed) and roads were
displayed in red and green color; the sites were
displayed in green color. In the site on which there
was a modern structure, the modern structure was
displayed in red color and site part was displayed in
green color (Figure 6).
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Figure 6. Testing area. Landsat 7 ETM+ Principal Component Analysis 4 and linear lookup method.
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HEC-RAS Taskin, akarsu yataginda su iletim kapasitesinin cesitli nedenlerle diismesi veya akarsu
Taskin Analizi yataginda iletileceginden daha ¢ok suyun olmasi halinde suyun yatak disina tagarak can
QGIS ve mal kaybina neden olabilen ve 6nlem alinmasi gereken 6nemli afetlerdendir. Artan
SCP niifus yogunluguyla beraber ¢arpik kentlesmenin artmasiyla taskinlar sonucu can ve mal
Uzaktan Algilama kayiplarinin da yasanmasini kaginilmaz kilmaktadir. Son yillarda hayatin her alanina

girmeye baslayan Cografi Bilgi Sistemleri ile taskin risk analizlerine dayali taskin risk
haritalari, yerlesim planlamalarinda esas alinan 6ncelikli etmen olmaya baslamistir. Bu
calismada Diyarbakir ili Cinar ilge Merkezine ait 1/1000 6lgekli halihazir haritasi ve dere
yatag lizerindeki menfezlerin roleveleri tedarik edilmistir. Elde edilen hélihazir harita
ve roleveler HEC-RAS programinda islenerek Cakmak Deresinde 1 boyut ve 2 boyut
hidrolik hibrit model ¢alisilmistir. Cakmak deresinin 2020 yilina ait Sentinel-2 uydu
goriintiist elde edilip uzaktan algillama ile QGIS SCP eklentisi kullanilarak Sentinel-2
goriintiistiniin kontrollii siniflandirmasi yapilip yerlesim yerleri ve tarim arazileri
belirlenmistir. Hidrolik model sonucu olusan tagkin yayilimi ile uzaktan algilama ile
iretilen arazi kullanim durumu ¢akistirilip, taskindan etkilenen yerlesim alanlarinin ve
tarim arazilerinin ytiz él¢limleri belirlenmistir.

Flood Modeling with HEC-RAS and Flood Damage Analysis from Sentinel-2 Remote
Sensing Image: Example of Cakmak Creek (Cinar Region) in Diyarbakir

Keywords: ABSTRACT

HEC-RAS Flood is one of the important disasters that may cause loss of life and property by spilling
Flood Analysis the water out of the river bed due to various reasons or if there is more water than the
QGIS capacity in the streambed. With the increasing population density and the increase of
SCP unplanned settlements, the loss of life and property as a result of floods becomes
Remote Sensing inevitable. Especially with the Geographical Information Systems that have started to

enter every field of life in recent years, risk maps based on flood risk analysis have
become the primary factor in settlement planning. In this study, 1/1000 scaled map of
Cinar district of Diyarbakir province and the reliefs of the culverts on the stream bed
were provided. The obtained maps and relays were processed in the HEC-RAS program
and a hydraulic model was studied by integrating 1 dimension and 2 dimensions in
Cakmak Creek. Sentinel-2 satellite image of Cakmak stream for the year 2020 was
obtained and controlled classification of Sentinel-2 image was made using remote
sensing method and QGIS SCP plug-in, settlements and agricultural lands were
determined. The flood propagation resulting from the hydraulic model and the land use
situation produced by remote sensing technique are overlapped; Surface measurements
of settlements and agricultural lands affected by floods were determined.

*Sorumlu Yazar Kaynak Goster(APA);
) Tektas Y, Polat N. (2021). HEC-RAS ile tagkin modellemesi ve uydu
*(yunustektas@dsi.gov.tr) ORCID ID 0000-0001-9857-0455 gorintiisinden tagkin hasar analizi: Diyarbakir ili Cakmak deresi 6rnegi.

(nizarpolat@harran.edu.tr) ORCID ID 0000-0002-6061-7796 Tiirkiye Uzaktan Algilama Dergisi, 3 (1), 28-35.

Arastirma Makalesi / DOI: 10.51489/tuzal.924926 Gelis Tarihi: 21/04/2021; Kabul Tarihi: 17/05/2021


https://orcid.org/0000-0001-9857-0455
https://orcid.org/0000-0002-6061-7796

Tiirkiye Uzaktan Algilama Dergisi - 2021; 3(1); 28-35

1. GiRis

Taskin; akarsu yataginda su iletim kapasitesinin
cesitli nedenlerle diismesi veya akarsu yataginda
iletileceginden daha ¢cok suyun olmasi durumunda,
suyun yatak disina tagmasi sonucu can ve mal
kaybina neden olabilen ve énlem alinmasi gereken
onemli afetlerdendir (Sargin, 2013). Tagkinin dogal
afet oldugu bilinse de insanlarin dogaya siirekli
miidahaleleri sonucu; her gegen giin siddeti ve sayisi
yiikselmektedir. Ulkemizde, bolgesel iklim sartlari,
topografya ve yagis alami gibi etkenler biiyiik
tagskinlarin olusmasina sebep olmaktadir. Dogal
afetleri engellemek miimkiin olmasa da zarar verici
etkilerinin kontrol edilebilmesi ve énlenebilmesi icin
onlemler alinmalidir. Taskinlarin neden oldugu
zararlar dinyada oldugu gibi lilkemizde de biiyiik
O6nem tasidigindan, olusabilecek ekonomik ve sosyal
zararlart minimuma indirmek biyik 6nem
tasimaktadir. Yasanmis taskin envanterlerine,
hazirlanmis taskin  hidrolik modellerine ve
hidrometrik-meteorolojik gozlem verilerine
dayanarak akarsuya belli mesafede yapilasma
yapilmamasi tagkin riskini en aza indirecektir (Ercan
vd., 2019).

Taskinlarin meydana gelmesinde yer ytizeyinin
purizliliginin etkisi vardir. Yer yiizeyi lizerinde
topografyadan sonra akislar lizerinde en 6nemli
degisken yiizey pilruzliligidir. Purtzlilik
parametresindeki  belirsizlikler su derinligini
belirlemede hatalara neden olmaktadir. Bu nedenle,
hidrolik modellerde yer yiizeyinin su akisina karsi
direncini tanimlayan Manning’'in n veya Chezy’nin C
gibi hidrolik stirtinme katsayilarinin kullanilmasiyla
purizliligin etkisini parametrelendirmek
gerekmektedir. Uzaktan algillama ile yiiksek
¢oziiniirliikteki uydu goriintilerinden arazi ortiisii/
kullanim1 verileri elde edilebilmektedir. Elde edilen
bu arazi ortist/kullanimi haritalar1 ile tagkin
alanlarinin ~ strtiinme katsayilar1 daha dogru
belirlenmekte olup daha gergeke¢i hidrolik
modellemeler kurulabilmektedir (Bolat, 2019).

Ozcan (2008), Uzaktan algillama ile uydu
goriintiilerini kullanarak siniflandirma yapip arazi
kullanim durumunu belirlemis. Bu simiflandirilmis
uydu  goriintileri  siirtinme  katsayilarinin
belirlenmesinde ve taskindan etkilenen alanlarin
belirlenmesinde  kullanmis. HEC-RAS  paket
programini kullanarak Sakarya il sinirinin bir
kismini da iceren Sakarya Nehri alt havzasinin tagkin
analizini yapmis: analiz sonucunda 620 ha yerlesim
alani ve 3330 ha tarim arazisinin taskindan
etkilendigini ortaya koymus.

Efe (2014); HEC-RAS paket programini
kullanarak Batman Cayi iizerinde bulunan Batman-
Malabadi yolu kopriisii ile Batman-Diyarbakir yolu
kopriisii arasindaki kisminin tagkin analizini yapmuis,
analiz sonucunda c¢alisma giizergahinda yer alan
Serbet ve Bigak¢r Koylerinin tarim arazilerinin
taskindan etkilenecegini ortaya koymus, DSI
tarafindan gelistirilen Batman Cay1 1slah projesinin
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taskin kontrol Kkesitini tahkik etmis, projenin
kesitinin yeterli olacagini ortaya koymustur.

Akkaya (2016); HEC-RAS paket programin
kullanarak Meri¢ ve Tunca Nehirlerinin Edirne ili
sinirlar1 icerisinde yer alan kisimlarinda taskin
analizini yapmis, taskin sularinin 1955-1975 yillari
arasinda seddelenmis arazide kalan yerlesim yerleri
ve sosyal yasam alanlarinin taskindan etkilendigini
ortaya koymustur.

Ogras (2018), HEC-RAS paket programimi
kullanarak Dicle Nehri'nin Diyarbakir'dan Silvan’a
olan karayolu koépriisii ile tarihi On Gozli Kopri
arasinda kalan kismin tagkin analizini yapmistir.
Yapilan taskin analizi sonucu: On Goézli Koéprii ve
Sadi Kopriisii hidrolik agidan agikliklarin yetersiz
oldugunu, UNESCO tarafindan Diinya Kiiltiir Mirasi
Listesine alinmis olan Hevsel Bahcgeleri, Dicle
Universitesinin Kaptaji, Aritma Tesisleri, Tasit
Isletme  Subesi, Diyarbakir ~Orman Bolge
Midirligine bagl fidanhik saha, Balikgiik ve
Meyvecilik  gelistirme  projesi  kapsaminda
isletmedeki tesis ve  Universite  Kopriisi
membasinda bulunan yerlesim yerlerinin taskindan
etkilendigini ortaya koymustur.

Akko¢ (2019); HEC-RAS paket programini
kullanarak Kars Cay’'min Kars merkezden gecen
kismin taskin analizini yapmis, taskin analizi
sonucunda Kars merkezinin tagkindan etkilendigini
ortaya koymustur.

Yildinnm (2020); HEC-RAS paket programini
kullanarak Sakarya ili Geyve ilcesi Karacay
Deresi'nin taskin analizini yapmis, taskin analizi
sonucunda tagkin yayilim haritalarini olusturmus ve
Geyve ilce merkezinin ve verimli tarim arazilerinin
taskindan etkilendigini ortaya koymustur.

Demir (2020), Uzaktan algilama ile Sentinel-2
uydu gorintiisiiniin  kontrolli  siiflandirmasini
yaparak piriizliliik katsayilar icin arazi kullanim
haritasim1 olusturmustur. Bu olusturulan harita
tagskin analiz programlarinda kullanilmistir. HEC-
RAS ve FLO 2D programlarini kullanarak Merte
Irmag1 Havzasinin Samsun ili kent sinirlan ile
kesistigi kismin taskin analizini yapmis, Taskin
analizi sonucu taskin tehlike ve taskin risk
haritalarini olusturmustur.

Taskin hidrolik modellemelerinde; bir boyutlu
modelleme kolay ve basit olmasina karsin, suyun
dere yatagindan tasarak genis alanlara yayilmasi
durumunda; genis yayilim alanlarindaki davranisini
(taskin dalgasinin, yatay eksendeki davranisinin
modellenememesi, topografya ve en Kesitlerin
modele tam olarak yansitilamamasi gibi) gercekgei
bir bicimde yansitmamaktadir. Bu eksikliklerin
giderilebilmesi icin 2 boyutlu modelleme tercih
edilmektedir. Bu modelleme karmasik ve
zahmetlidir. Dolayisiyla taskini daha iyi modellemek
icin her iki modelleme birlikte kullanilarak
biitiinlesik hidrolik modelleme adi verilen hibrit
modelleme kullanilmaktadir (DSI, 2019).

HEC-RAS programi ABD ordusu tarafindan
gelistirilmis olup 1995 yilindan bu yana icretsiz
olarak tiim diinya ile paylasilmaktadir. Program
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dogal derelerde, kontrol tesisi yapilmis derelerde,
enine savak yapilarinda, dik savak yapilarinda, baraj
yikilmalarinda, sel kapanlarinda, menfez, kiipri vb.
yapilarda hidrolik modelleme yapabilmektedir.
Bircok nehri birbirine baglantili bir ag seklinde
analiz edebilmektedir. Kararli ve kararsiz akimda
calisabilmektedir. Yine bu program 1 boyutlu ve 2
boyutlu hidrolik modellemeleri ayr1 ayr1 yapabildigi
gibi entegreli de yapabilmektedir. Programin 5.3
stirimiinden o6nceki versiyonlarinda haritalardan
kesit olusturma kismi 2. bir yazilimda yapilip HEC-
RAS programina aktariliyordu, 5.3 versiyonu ile kesit
alma islemlerini kendi icerisinde RAS Mapper
menilisiinde yapmaya basladi, 2. bir yazilima olan
gereksinimi ortadan kaldirdi. Henliz 3 boyutlu
hidrolik modelleme yapamamaktadir. Bunlarin yani
sira sediment ve su Kkalitesi analizleri de
yapmaktadir. Yapilan her tiirli analizlerin
sonuglarini tablosal ve harita ekraninda grafiksel
olarak verebilmektedir. En son siiriimii HEC-RAS 6.0
versiyonudur. Bu sirim ile gelen Onemli
ozelliklerden biri de tagkin yayilim, hiz, derinlik ve su
yuzii profilini kendi icerisinde mevcut olan 3 boyutlu
harita ekraninda 3 boyutlu olarak
gosterebilmektedir. Program DSI, SYGM vb. kurum
ve kuruluslar tarafindan aktif olarak
kullanilmaktadir.

Bu baglamda yapilan bu calismada da uzaktan
algilama ile 2020 yilina ait Sentinel-2 uydu
goriintiisii  kullanilarak kontrolli smiflandirma
yapilmistir. Yapilan Kkontrolli siniflandirma ile
yerlesim yerleri, tarim arazileri ve agag¢hk alanlar
belirlenmistir. Bu kontrollii simiflandirmasi yapilmis
uydu gorintileri siirtiinme katsayilarini
belirlemede ve taskinin etkiledigi alanin tirii ve
miktarinin belirlenmesinde kullanilmistir. HEC-RAS
programiyla Cakmak Deresi {lizerindeki menfez
yapilarinin sebep oldugu kesit degisimlerinin ve
mevcut kesit degisimlerinin akima olan etkisini
belirlemekle birlikte olusabilecek tagkinin giizergah
lizerinde yer alan yerlesim yerlerine, tarim
arazilerine ve agaclik alanlara olasi etkisi tespit
edilmeye ¢alisilmistir.

2. YONTEM

Calisma alani Diyarbakir iline 32 km mesafede
olan Cinar ilge merkezindeki Cakmak Deresi’dir.
Cakmak Deresi 21 no’lu Firat-Dicle havzasinin alt
havzasi olan Dicle havzasinda yer almaktadir.
Cakmak Deresi Cinar'in Agagsever Mahallesi'nde
dogar, Cinar merkezinden gecer ve Cinar’'in Basakli
Mahallesi'nde Dicle Nehri'ne bosalir. Calisma alan,
Cakmak Deresi'nin Cinar merkezinde kalan 1600
m’lik kismini kapsamaktadir. Yaklasik rakimi 655 m
olan Cakmak Deresi glineyden kuzeye dogru
akmaktadir ve gecmiste bircok mesken ve tarim
arazisi, taskindan kaynaklanan hasarlara maruz
kalmistir. Bu kisimda yerlesim yerleri mesire
alanlar1 ve tarim arazileri yer almaktadir. Cakmak
Deresi'nin bu kesimde ortalama egimi %?1’dir.
Cinar'in Tirkiye’deki konumu Sekil 1’de ve Cinar
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merkezinin Sentinal-2 uydu goriintiisii Sekil 2’de
verilmistir.

Sekil 1. Calisma alaninin (Cinar ilge merkezinin)
Tirkiye haritasindaki konumu

N
624000 A

4178000

4176000

4174000

624000 626000
Sekil 2. Calisma alaninin (Cinar ilge merkezinin)
2020 Sentinel-2 uydusunun dogal renk goriintiisii

Calisma alaninin 1/1000 olgekli halihazir
haritasi, dere tizerindeki 5 adet menfezin roleveleri
ve Q500 debisi (hidrografi) elde edilmistir.

DSi’den alinan Cakmak Deresi'nin debisi,
calisma giizergdhinin mansabi referans alinarak DSI
sentetik metot yontemine gore hesaplanmis olup,
yagis alan1 124.1 km? ve 500 yillik tekerriirlii pik
debisi Q500=149 m?3/s’dir. Zamana bagh debi
degisim hidrografi Sekil 3’te verildigi gibidir.
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Sekil 3. Giris hidrografi

Cakmak deresinin piiriizlilik n katsayisi dere
yatagl icin DSI taskin ihtisas komisyonunca
gelistirilen “Modifiye Cowan Metodu”’na ait
piiriizliilik tablosuna gére belirlenmistir (DSI,
2016).

Tablo 1. DSI tagkin ihtisas komisyonunca gelistirilen
“Modifiye Cowan Metodu”na ait piirtzliiliik tablosu

(DSi, 2016)
Beton 0.012-0.018
Kaya --
Sert toprak -- 0.025-0.032
Yataktaki | Iri kum 1-2 0.026-0.035
- Medyan dane ¢ap1
rr_1a|z_eme Ince cakil (mm) - Np | -
cinsi Cakil 2-64 0.028-0.035
Iri gakil - -
ri tag 64-256 0.030-0.050
Yumru kaya >256 0.040-0.070
Piiriizsiiz 0.000
Beton duvar 0.003
Kanal sev Onemsiz Tas quvar _ 0.005
durumu Istifli tag tahkimat n; | 0.008
Orta Agagsiz kaya/toprak yamag 0.010
istifsiz tag tahkimat 0.015
Siddetli Agacli yamag 0.020
Kanal Asamali 0.000
kesit Ara sira degisen n; | 0.005
degisimi Sik degisen 0.010-0.015
Kanaldaki | ihmal edilebilir <%5 0.000
engeller Onemsiz %5-15 0.010-0.015
(birikinti, %15-
tiimsek, Kayda deger Engel/kesit  alani | 50 1 |0:020-0.030
diisii, x100 ¢
kaya,
koprii
ayagi) Siddetli >%50 0.040-0.060
Diigiik 0.005-0.010
Kanal orta o, [0010:0025
Srtiisii Yiiksek 0.025-0.050
Cok yiiksek 0.050-0.100
Kanal Onemsiz Dere uzunlugu / | 1-1.2 1.000
Keveim Kayda deger kus ugusu | 1.2-1.5 [ m | 1.150
Siddetli uzunlugu >1.5 1.300

Piriizlilik n katsayisini belirlemek icin dere
yataginin Sekil 4'teki resmi yorumlanmis olup Tablo
1’deki degerler ile eslestirilmistir. Dere tabani beton
kapl olup yanlar1 da kargir duvardan olusmaktadir.
Yataktaki malzeme cinsi beton kapli oldugundan
araliktaki iist deger olan n,= 0.018 alinmistir. Kanal
sev durumu kargir duvar oldugundan n;= 0.005
alinmistir. Kanal kesit degisimi asamali oldugundan
n,= 0.000 alinmistir. Kanaldaki engeller (Birikinti,
Tiimsek, Disii, Kaya ve Koprii Ayagi) (Engel/Kesit
alan1)x100<%5 oldugundan nz;= 0.000 alinmistir.
Kanal bitki ortisii olmadigindan n,= 0.000
alinmistir. Kanal kivrimi dere uzunlugu/kus ucusu
uzunluk= 1600/1380= 1.16 bu deger 1-1.2
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araliginda oldugu i¢in dnemsiz sayildigindan m =1
alinmistir. Alinan degerler formil (1)'de yerine
yerlestirilince piiriizliliik n degeri Tablo 2’deki gibi
0.023 olarak bulunmustur.

n=mxMn, +n, +n, +nz +ny) (D

Tablo 2. Cakmak deresi piiriizliilik n degeri

Katsay1 Deger
ny 0.018
ny 0.005
n, 0.000
ng 0.000
Ny 0.000
m 1.000
n=m+* M, +n, +ny, +n3z+ny) 0.023

sekil 4. Cakmak deresinin fiziki durumu

alanlarinin

Dere yatagi disindaki taskin
purizlilik n katsayilar: uzaktan algilama ile Chow
1959’daki katsayilara gore pixel bazli belirlenmistir
(Chow, 1959). Bu baglamda taskin alanlarinin arazi
kullanim durumu tarim arazileri, agaglik alanlar ve
yerlesim yerleri olarak 3 sinifta ele alinmistir. Bu
calisma icin oncelikle Cakmak deresinin 19.09.2020
tarihine ait ticretsiz Tablo 3’teki band 6zelliklerine
sahip Sentinel-2 uydu gorilintiisi internetten
indirilmistir (URL-1).

Tablo 3. Sentinel-2 uydu goriintilerinin band
bilgileri (URL-2)

Dalga Mekansal
Band Aciklama Boyu Coziinurliik

(um) (m)
0.433

1 Kiyilar ve aerosol 0.453 60
. 0.458

2 Mavi (B) - 0523 10
. 0.543

3 Yesil (G) ~0578 10
0.650

4 Kirmiz1 (R) 0680 10
Bitki ortiisii 0.698

5 kirmizi kenar -0.713 20
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Tablo 3’iin devami

6 Bitki ortisi 0.733 20
kirmizi kenar -0.748

7 Bitki ortisi 0.773 20

kirmiz1 kenar -0.793
8 Yakin kizil otesi _ (())97(?(? 10
o D 005
9 Su buhar _ 8355 60
o Mmdmel e
W Kmamn 19
e

Indirilen uydu goriintiisiiniin bantlar1 QGIS
programinda ac¢imistir. SCP  (Semi-Automatic
Classification Plugin) eklentisinde agilan bantlarin
calisma alanina denk gelen kisimlar1 kesilmistir.
Kesilmis bantlara atmosferik diizeltme yapilmistir.

Kontrolli siniflandirma igin bantlar tizerinde 3
ana sinif olmak lizere 17 tane yerlesim alani alt sinifi,
15 tane tarim arazisi alt sinifi ve 4 tane agaclik alani
alt smifi olmak iizere toplamda 36 egitim sinifi
secilmistir. Daha sonra maksimum olasilik,
minimum mesafe ve Spektral a¢1 haritasi
algoritmalarini goére 3 ayr1 ydntemle kontrolli
siniflandirma yapilmistir.

Kontrolli siniflandirmada kullanilan
algoritmalardan en iyi sonucu vereni tespit etmek
icin dogruluk analizi yapilmistir. Dogruluk analizi
icin 3 ana sinif olmak iizere 9 tane yerlesim alani alt
sinifl, 6 tane tarim arazisi alt sinifi ve 5 tane agaglk
alani alt sinifi olmak iizere toplamda 20 adet test
sinifi  secilmistir. Kontrollii siniflandirma sonucu
olusan smiflandirma verileri ile test verileri
kiyaslanmis olup, her ii¢ algoritma sonucu olusan
kontrollii siniflandirma verilerinin dogruluk analizi
yapilmistir. Tablo 4’te verilen degerler elde edilmis

olup en iyi sonucu, Spektral ag¢1 haritasi

algoritmasinin verdigi anlagilmistir.

Tablo 4. Dogruluk analizi sonuglari

Algoritmalar Genel l[);/)og]rulugu Kappa Degeri
Maksimum 73.7404 0.556
olasilik
Minimum 82.5978 0.6805
mesafe

Spektral ag 85.4136 0.7022
haritasi
“Kappa degerinin %75 ve lizeri olmasi

durumunda siniflandirmanin ¢ok iyi oldugu, %40-
%75 arasi olmasi durumunda siniflandirmanin orta-
iyi oldugu, %401n altinda olmasi durumunda ise
siniflandirmalarin  zayif olarak degerlendirilmesi
yapilmaktadir.” (Demir, 2020, s.127).
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Dere yatagi disindaki taskin alanlarinin
piirizlilik n katsayilar1 Chow 1959’daki katsayilara
gore pixel bazli belirlenmistir (Chow, 1959).
Spektral a¢1 haritas1 algoritmasinin kontrollii
siiflandirilmas1 sonucu Sekil 5’teki harita elde
edilmistir. Bu haritada yerlesim yerleri olarak
atanan kirmizi pixellerde n= 0.060, tarim arazileri
olarak atanan turuncu pixellerde n= 0.5 ve agaglik
alanlar olarak atanan yesil pixellerde n= 0.8
alinmistir.

Sekil 5. Spektrl act haritasi algoritmasi ile kontrolli
siiflandirma

Dere yataklarinda daralma ve genislemelerden
kaynakl enerji kayiplari soz konusudur (HEC-RAS,
2020). Calisma sahamizdaki derenin daralma ve
genislemesi menfez gecislerinden kaynakli olup
Tablo 5'teki gibi asamalidir.

Tablo 5. Dere yataklarindaki daralma ve genisleme
katsayilar1 (HEC-RAS, 2020)

Giizergah Durumu Daralma Genisleme
Giizergahta gecis 0.0 0.0
yok

Giizergahta asamall 0.1 0.3
gecis

Standart kopri 0.3 0.5
gecisl

Ani dik gecis 0.6 0.8

HEC-RAS programinda taskin analizi yapmak
icin ilk once c¢alisma alaninin halihazir haritasi
(raster verisi) ile 2 boyutlu taskin alanlarinin
stirtiinme katsayisi i¢in uzaktan algilama ile tiretilen
Kontrolli siniflandirma yapilmis uydu goriintiisi
(raster verisi) HEC-RAS programina aktarilmistir.
Cakmak Deresi'nin Cinar merkezinden gecen 1600
m’lik kisminda dere yatagi ortasindan gecgecek
sekilde membadan mansaba dogru 1600 m
uzunlugunda giizergdh c¢izilmistir. Derenin st
sevlerinden gececek sekilde membadan mansaba
dogru once sag sahil sonra sol sahil cizgileri
cizilmistir. Sag ve sol sev st ¢izgilerini ¢izme nedeni
kanal icinin ve kanal disinin piiriizlilik katsayilar
icin alanlar1 ayirmaktir. Hidrolik hesaptaki daralma
ve genislemelerden kaynakli enerji kayip
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hesaplarinin yapilmasi i¢in glizergdh ekseni, sag
tagkin alant ve sol taskin alanlarinin Kesitler
arasindaki mesafesinin belirlenmesi i¢in cizilmistir.
1 boyutlu hidrolik hesaplar i¢in 20 m araliklar ile sol
sahilden sag sahile olacak sekilde en Kkesitler
¢izilmistir. Suyun kanalin disina tasan sag ve sol
sahildeki alanlarin 2 boyutlu hidrolik hesaplar i¢cin
sag ve sol sahilde 2 boyutlu tagkin alanlari ¢izilmistir.
1 boyutlu ve 2 boyutlu hibrit hidrolik modelin
calismas icin dere yatagl sev ustl ile 2 boyutlu
taskin alanlarii birbirine baglayan yanal savaklar
¢izilmistir. Dere yataklar: ve taskin alanlari i¢in elde
edilen siirtiinme katsayillar1 girilmistir. 5 adet
menfezin roéleveleri girilmistir. Dere yataginin sev
baslar1 sedde olarak tanimlanmistir. Memba sinir
kosulu olarak debi (hidrograf) mansap sinir kosulu
olarakta derenin ortalama egimi olan %1 egim
girilmistir. Ayarlar ve tolerans degerleri girilip
boyutlu ve 2 boyutlu hibrit hidrolik modelleme
calistirhip sonuglar elde edilmistir.

Kontrolli siiflandirma sonucu proje sahasinin
yerlesim yerleri, tarim arazileri ve agaglik alanlar
belirlenmistir. Hidrolik model sonucu olusan tagkin
yayllimi ile uzaktan algillama ile iretilen arazi
kullanim durumu c¢akistirilip; taskindan etkilenen
yerlesim alanlarinin, tarim arazilerinin ve agaghk
alanlarin yiiz 6l¢iimleri belirlenmistir.

3. BULGULAR

Q500 taskin tekerriir debi degeri kullanilarak
Cakmak Deresi icin HEC-RAS programiyla 1 boyutlu
ve 2 boyutlu hibrit hidrolik modelleme yapilmistir.
Yapilan modellemenin taskin yayilim alanimm ve
yapilarla olan iligkisini gosteren 3 boyutlu harita
gorseli Sekil 6’da verilmistir.

0 W hecrsens. B mashpe RS D Ve il

( WERG G S
Sekil 6. Maksimum debideki taskin yayiliminin 3
boyutlu harita gorseli

HEC-RAS programi hidrolik model iizerinde
kolayca degisiklikler yapilmasina olanak

saglamaktadir. Bu program ile yapilan hidrolik
modelleme sonucunda noktalar arasindaki kritik hiz
farklar1 ya da enerji kayiplar1 varsa, bunlar
raporlanmaktadir. Rapordaki sonuglar incelenip
degerlendirilerek ilave en kesitlere ihtiya¢ duyulan
bolgeler belirlenebilmektedir. Modelleme
sonucunda tagkin yayilim alani, su derinligi, su yiizii
profili ve su hiz degerleri elde edilmistir.
Menfezlerden kaynakl kesitlerde olusan
daralmalarin neden oldugu su kabarmalar1 sonucu
suyun Kesitten tastigl yerlerde menfez ebatlarinin
arttirilmasi gerektigi tespit edilmistir. Mevcut taskin
kontrol tesisinin yer yer kapasitesinin yetmedigi ve
taskinin oldugu anlasilmistir. Ayrica HEC-RAS
programinin RAS Mapper ara yiizii ile sonuglarin
gorsel haritalari elde edilmistir.

Yapilan taskin modellemesi sonucu Sekil 7’de de
gorildigii tizere yerlesim yerlerinin oldugu bolgede
su maksimum 3.60 m’ye kadar ylikselmistir.

RASMapper - [m] X
File Project Tools Help

Selected Layer: Depth

- V] Features
] Geometries
Event Conditions
£ ] Results
=-[¢] Plan 01
- [[] Event Conditions
] Geometry
i [] Velocity (08FEB2021
] WSE (Max)
[ Depth [N
Map Layers
Termains

hb@QAxxeru ENGS R
4 Selected: 'Depth’ Max
-

Messages | Views | Profile Lit « | »

(624003.17, 417675262 1 pixel = 200m

Sekil 7. Maksimum debideki taskin su derinligi
haritasi

Su hiz1 Sekil 8’de de goriildiigii lizere dere yatag:
icerisinde maksimum 7.19 m’ye kadar ulasmistir.

Turkish Journal of Remote Sensing



Tiirkiye Uzaktan Algilama Dergisi - 2021; 3(1); 28-35

ES rRAS Mapper — a x
File Project  Tools Help

Selected Layer: Velocity

- [V] Features
[[] Geometries
Event Conditions
= Resulis
=- Plan 01
i~ ] Event Conditions
] Geometry
A Velociy [l
i [] WSE (Max)
f [l Depth (Max)
Map Layers
Termrains

6.67
533
4.00
267

Messagz[\ﬁews ] Profile Lines « | » =
0.00

(624131.92, 417748565 1 pixel =3.03

Sekil 8. Maksimum debideki tagkin su hiz1 haritasi

Su yiizeyinin st kotlar Sekil 9°da da gorildigi
lizere calisma glizergahinin basladig1 noktada 661.24
m’de baslaylp c¢alisma gilizergdhinin son buldugu
noktada 648.72 m’ye diismiistur.

B¥ RAS Mapper — (] x
File Project Tools Help

Selected Layer: Water SurfaceElev: [y ¢ @ & 3 i &« -» o E N S5 &

Foouues . Selected: "WSE' Max

Event Conditions
= [¥] Results
= [¥] Plan 01
i [[] Event Conditions
] Geometry
[ Velocity (08FEB202
i WS
] Depth (Max)
Map Layers
[¥] Terrains

Messages | Views | Profile | « | »

(624010.81, 417859153 1 pixel = ———

Sekil 9. Maksimum debideki tagkin su ytizii ylikseklik
profili haritasi

QGIS  programinda  Sentinel 2 uydu
gorilintiisiiniin kontrollii siniflandirmasi $ekil 10’da

gorildigi lizere yapilmistir. Yapilan dogruluk analizi
sonucunda en iyi sonucu spektral ag¢i haritasi
algoritmasinin verdigi anlasilmistir. Tagskin yayilim
haritasi ile kontrolli siniflandirma sonucu iretilen
arazi durum haritas1 cakistirllmistir. 135985 m?
yerlesim yeri, 126326 m? tarim arazisi ve 51548 m?
agaclik alan tagskindan etkilendigi tespit edilmistir.

@« e n
e SpEE@ T B BB 23 0 w0

Sekil 10. Uzaktan algilama kontrollii siniflandirma
haritasi

4. SONUCLAR

Cakmak Deresi yataginin etrafinda eski yapilar
oldugundan imar plan1 yapilirken bazi kisimlar
yerlesime acilmis. Dere yataginin yanina algak
kotlara yapilar yapilmis. 2006 yilinda yagmurun
siddetli ve uzun siire yagmasi sonucu Diyarbakir-
Mardin kara yolu altinda bulunan menfezin ebatlari
hidrolik agidan yetersiz oldugundan; su, menfez
arkasinda sisip menfezin istiinii asip kara yolu
lizerinden akmaya baslamis. Suya kapilan bir
minibiistin devrilmesi sonucunda 3 vatandas
hayatini kaybetmis ve bir¢ok ev, su ve camur altinda
kalmis. KGM tarafindan 2006 yilinda Diyarbakir-
Mardin karayoluna hidrolik kapasiteyi kurtaracak
ebatlarda 2 gozli menfez yapilmis. DSI Genel
Mudirligi tarafindan 2008 yilinda Cakmak
Deresi'nde Diyarbakir-Mardin kara yolu altinda
bulunan menfezin taban kotu referans alinarak
taskin kontrol tesisi yapilmis. Yapilan tagkin kontrol
tesisinin tabani1 beton kapli olup duvarlar kagir
duvardan olusmakta. Taskin kontrol tesisi
yamaclardan gelecek suyu icine mansaplayacak
sekilde gémiilii olarak, Diyarbakir-Mardin kara yolu
menfezinin taban kotundan ve teknik a¢idan o6tirii
insa edilememis. Taskin kontrol tesisinin duvar st
kotu etrafindaki arazilerden yer yer 2 m kadar
ylksekte kalip duvarlarin etrafinda algak kotlarda
evler mevcuttur. Yagmurun siddetli yagdigi
doénemlerde yamaclardan gelen sular taskin kontrol
tesisinin duvarlar1 etraftaki arazilerden yiiksekte
oldugundan kanal icine mansaplanamamakta ve bu
nedenle evlerin etrafinda su birikintileri olusmakta.
Vatandaslar yamaglardan gelen suyu taskin kontrol
tesisinin icine mansaplamak i¢in yer yer taskin
kontrol tesisinin duvarlarini yikmislar. Yiikksek yagis
donemlerinde kanal igerisinde yagmur suyunun
ylikselmesi sonucu yagmur suyu duvarin yikildigi
yerlerde disariya tasarak evlerin etrafinda
birikmekte. Bu sorunun giderilmesi i¢in taskin
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kontrol tesisinin paralelinde bulunan yamaclardan
gelen yiizeysel sularin yagmur suyu hattina alinmasi
gerekmekte. Taskin kontrol tesisinin yikilan
kisimlarinin da onarilarak, kanalda yagmur suyu
yikseldiginde disariya tasmasimi engelleyerek
etraftaki evlerin zarar gérmesi engellenmeli. Mevcut
1slah tesisinin 1600 m’lik kisminda 1 boyutlu ve 2
boyutlu entegreli hidrolik modelleme yapilmis. Bu
giizergah iizerinde toplamda bulunan 5 adet menfez
de hidrolik modele dahil edilmis. Yapilan hidrolik
model sonucunda mevcut taskin kontrol tesisi ve 4
adet  menfez Q500=148.9 m3/s debiyi
gecirememekte olup taskin sulari kanaldan tasarak
etraftaki yerlesim yerlerine, tarim arazilerine,
parklara, bahcgelere vb. yerlere zarar vermekte.
Taskin kontrol tesisi yalnizca Diyarbakir-Mardin
kara yolunda tasmamakta.

Taskin kontrol tesisinin kapasitesinin yetersiz
olmasinin nedeni tasarlandigt doénemdeki yagis
verilerinden kaynakli debinin diisiik olmasi ve
manning katsayisi icin referans alinan kriterlerin
farkli olmasindan kaynakli manning katsayisinin
diisiik oldugu diisiiniilmekte. Bu calismada taskin
analizi yapilirken kullanilan debi ve manning
katsayilar1 DSI tarafindan 2008 yilinda yapilan
taskin kontrol tesisinin debi verisi ve siirtlinme
katsayisindan daha biiyiik ¢iktigindan yapilan taskin
analizi sonucunda mevcut taskin kontrol tesisinin
kapasitesinin yetersiz oldugu anlasilmistir.

Yukarida belirtilen nedenlerden otiirii dere
yataginin etrafinda yagmur suyu hatti yapilmall.
Taskin kontrol tesis duvarinin yikildigr yerler
onarilmall. Tagkin kontrol tesisinin duvarlar giincel
debi ve manning katsayisini kurtaracak sekilde
ylikseltilmeli. Diyarbakir-Mardin kara yolu altindaki
menfez hari¢ diger 4 menfezin ebatlar1 hidrolik
kapasiteyi kurtaracak sekilde biiytitiilmeli. Taskin
kontrol tesisinde manning katsayisinin artisina
neden olan riisubat ve bitki yesermelerinin diizenli
olarak temizlenmesi gerekmekte. Yukarida belirtilen
problemlerin giderilmesi durumunda, taskin kontrol
tesisi Q 500 debisini giivenli olarak gecirecek olup
etrafindaki yapilarin zarar gormesi engellenmis
olacak.
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