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Yer Yiizey Sicakliginin Termal Uzaktan Algilama Gériintiileri ile Arastirilmasi: Mus ili

Ornegi
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Fosil yakitlarin kullanimi, ormansizlasma ve gesitli sanayi siirecleri atmosferdeki sera
gazlarinin birikmesine ve kiiresel bir sicaklik artisina neden olmaktadir. Bu durum gerek
biyolojik cesitliligi ve gerekse de insanlarin yasam konforunu olumsuz etkilemektedir.
Kiiresel olgekteki bu 1s1 artisi diinyamizin dis kabugunun sicakliginda da degisiklikler
meydana getirmektedir. Yer Yiizeyi Sicakligi (YYS) olarak bilinen yerkiirenin en dis
ylzeyinin sicaklik degerleri bir¢ok farkli yontem ile olciilebilse de uzaktan algilama
calismalar1 bu yontemler arasinda en ekonomik ve hizli sonuglar tiretmesi nedeniyle
yaygin olarak kullanilmaktadir. Bu ¢alisma Mus ilinin uzun yillar (29 yilhik) YYS
degisimini ortaya koymayi amaglamaktadir. Bu kapsamda Landsat 5 TM ve Landsat 8 OLI
uydu gorintileri kullanilarak 1990-2000-2005-2011-2019 yillarina ait YYS haritalar:
uretilmistir. Haritalarda bitki drtiisiiniin yogun oldugu yerlerde YYS degerlerinin daha
diisiik oldugu belirlenmistir. Mus ilinin YYS degerlerinde yillara gore artis ve azalislar
goriilse de genel olarak artan bir sicaklik trendinin var oldugu séylenebilir. Mus ilinde
ortalama sicakligin her yil yaklasik olarak 0.3 °C artis gdsterdigi belirlenmistir.

Investigation of Land Surface Temperature with Thermal Remote Sensing Images: A
Case Study Mus Province

Keywords

Remote Sensing

Mus

Thermal Band

Land Surface Temperature
Landsat

ABSTRACT

The use of fossil fuels, deforestation and various industrial processes cause the
accumulation of greenhouse gases in the atmosphere and a global temperature increase.
This negatively affects both biodiversity and people's comfort of life. This global heat
increase also changes the temperature of our world's outer crust. The temperature
values of the outermost surface of the earth known as Land Surface Temperature (LYS)
can be measured by many different methods. Remote sensing studies are widely used
because of the most economical and rapid results among these methods. This study aims
to reveal the long-term (29-year) YYS change of Mus province. YYS maps from 1990-
2000-2005-2011-2019 were produced using Landsat 5 TM and Landsat 8 OLI satellite
images. In the maps, LYS values were found to be lower in places where vegetation is
dense. Although the YYS values of Mus province have increased and decreased compared
to years, it can be said that there is an increasing temperature trend in general. In Mus
province, the average temperature increased by approximately 0.3 °C each year.
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1. GiRis

Son yillarda yogun bir sekilde sonuglarini
gormeye basladigimiz kiiresel 1sinma ve iklim
degisimi diinyayr tehdit eden oOnemli cevre
sorunlarindandir. Bu problem deniz seviyelerinde
ylukselmelere sebep olurken, tarim, orman,
ulasilabilir temiz su kaynaklar1 ve biyolojik ¢esitliligi
de tehdit etmektedir (Dogan ve Tiizer, 2011; Kaya ve
ark, 2016; Mercan ve Arpag 2020; URL-1). 1880
yilindan itibaren yillik 1 °C’ye ulasabilen bir sicaklik
artisinin oldugunu belirten arastirmacilar bu artisin
ontmiizdeki yillarda da katlanarak devam edecegini
belirtmektedirler (Eryillmaz ve Demirarslan, 2018).

Yapilasmalar sirasinda ¢ogunlukla yesil alanlar,
dogal mera/cayir alanlar1 tahrip edilmis, su
kaynaklari kontrolstiz bir sekilde kullanilarak yesilin
az betonun fazla oldugu c¢arpik kentlesmeler
olusturulmustur. Normal sartlar altinda gilinesten
gelen 15181n  bir kismu geri yansirken artan
betonlasma ile birlikte bu oran gittikce azalmaktadir.
Beton, asfalt, kaldinm gibi dogal olmayan
malzemeler giinesten gelen 1s1y1 yesil alanlara gore
daha fazla emer ve bu enerji de sicaklik olarak
cevreye yansir (Gergek ve Tirkmenoglu Bayraktar,
2014). Bu yayilan sicaklik degerleri kentlerin
cevrelerine gore daha sicak olmasina neden olur ve
bu olaya “Kentsel Is1 Adas1” adi verilir (Oke, 1982;
Gercek ve Tiirkmenoglu Bayraktar, 2014). Yesil
alanlarin tahrip edilmesi de bu kentsel 1s1 adalarinin
daha da fazla 1sinmasina sebep olmaktadir (Yilmaz,
2013; Alkan ve ark., 2017; Orhan, 2021; Sekertekin
ve Marangoz, 2019; Gergek ve Tiirkmenoglu
Bayraktar, 2014). Artan bu 1s1 insanlarin sagligin ve
yasam konforunu tehdit ederken biyolojik ¢esitliligi
de olumsuz olarak etkilemektedir. Bundan 6tiirti bu
degisimlerin tespit edilmesi, takip edilebilmesi,
giderilmesi ve iyilestirilmesine yonelik ¢alismalarin
yapimas1 gerekir (Gergek ve Tiirkmenoglu
Bayraktar, 2014). Sicaklik degisimlerinin tespit
edilmesinde son yillarda wuzaktan algilama
calismalarinin  gelismesi ile birlikte biyiik
ilerlemeler meydana gelmistir.

Termal uzaktan algilama ¢alismalan ile
istenilen bolgenin ¢ok zamanl Yer Yiizey Sicakligi
(YYS) haritalar1 olusturularak o bolgedeki mevcut
durum ve zamansal degisimler hizli ve ekonomik bir
sekilde tespit edilebilmektedir. YYS c¢alismalar
neticesinde ele edilen veriler bitki degisim analizleri,
iklimsel ¢alismalar, meteorolojik ¢alismalar, Cografi
Bilgi Sistemi (CBS) ¢alismalari, arazi ortiisti degisimi
analizleri, su yiizey sicakliklarinin tespiti gibi birgok
farkli alanda dogrudan ve dolayll olarak
kullanilabilmektedir (Parker ve Warner, 1973;
Balcik, 2014; Orhan ve ark., 2014; Sener, 2016;
Zhang ve ark., 2016; Oguz, 2017; Polat ve ark., 2018;
Tonyaloglu, 2019; Sekertin ve Marangoz, 2019;
Akyiirek, 2020; Polat, 2020). YYS'nin ortaya
konulmas1 kent planlamalar1 agisindan da oldukca
onemlidir. Zamansal olarak YYS degisiminin ortaya
konulmasi, olast mevcut kot durumlar igin
tedbirlerin alinmasini saglarken, tarimsal
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calismalarin mevcut durumu ve gelecegi hakkinda
ise  O6nemli ipuclar1 sunabilmektedir. Arazi
calismalar: ile bir boélgenin yer yiizey sicakliginin
ortaya konulmasi olduk¢a zahmetli ve maliyetli
olabilirken, uzaktan algillama c¢alismalar1 ile bu
hesaplamalarin yapilmasi olduk¢a pratik ve
ekonomik olmaktadir. Inceleme alanini olusturan ve
Mus Ovasi gibi 6nemli tarimsal iiretimin yapildig: bir
alanda boyle verilerin olmayisi bu c¢alismanin
yapilmasini zorunlu kilmistir.

Bu ¢alisma ile Mus ilinde uzun yillar (1990-
2019) boyunca YYS'nin hesaplanip mekansal ve
zamansal olarak degisiminin ortaya konulmasi
amaglanmaktadir. Bunun neticesinde bolgenin YYS
gecmisten giiniimiize dogru nasil degistigi, hangi
bolgelerde bu degisimin oldugu goriilerek gelecekte
yapilacak olan arazi, toprak vb. kaynaklara yonelik
hazirlanacak proje ve ¢alismalara analitik veri
saglayarak dnemli bir yol gosterici olacaktir.

2. CALISMA ALANI

Calisma alani, Dogu Anadolu Bélgesinin Yukari
Murat-Van béliimiinde yer alan Mus ilidir. Mus ili
Merkez, Varto, Korkut, Haskdy, Bulanik ve Malazgirt
ilgeleri olmak tizere baslica alt1 ilgeden olusmaktadir.
(Sekil 1). Mus ili kuzeyinde Erzurum, dogusunda
Agri, glineyinde Batman ve Bitlis, glineybatisinda
Diyarbakir, batisinda ise Bing6l sehri ile komsudur.
Sert karasal bir iklime sahip olan Mus sehri
¢ogunlukla ova 6zelligi gdsterse de yer yer yiiksekligi
2950 metreye ulasan daglarin oldugu bir cografyaya
sahiptir (Sengiin ve Kiransan, 2016; Atabey ve
Toprak, 2018; URL-3).
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Sekil 1. Calisma alani

ilin bulundugu cografya Alp-Himalaya orojenez
kusaginin etkisiyle yiikselmistir. Ozellikle sehrin
giiney bolgelerinde kendini daha belirgin olarak
gosteren engebeli, yliksek araziler Bitlis-Zagros dag
kusaginin yiksek alanlaridir. Calisma alaninda
Kuzey Anadolu Fay1 ve Dogu Anadolu Fay
sistemlerine baglh olarak gelismis iinlii Mus Ovasi1 da
bulunmaktadur.

Inceleme alaninin topografik ézelliklerini ii¢
boyutlu olarak gorerek yukarida Dbelirtilen
unsurlarin daha iyi anlasilabilmesi ve YYS'nin
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sonuclarinin daha etkin yorumlanabilmesi i¢in
inceleme alaninin kabarti haritasi olusturulmustur
(Sekil 2). Olusturulan bu haritada ilin Merkez ve
Haskdy ilgelerinin gliney kisimlari ve Varto ilgesinin
kuzey bolgelerinin olduk¢a engebeli ve yiiksek
oldugu goriilmektedir. Mus ilinin Merkez ve Korkut
ilcelerinde goriilen oldukea diiz alanlar ise Mus Ovasi
topraklaridir. Bu diizliik alanlar tarimsal iliretim
acisindan olduk¢a énemlidir.

42°0'0"E
I

39°0'0"N
T
39°0°0"N

[ e Sinrlan

Kabarti
- High : 254

-,
42"0“0"E
Sekil 2. Mus iline ait kabarti haritasi
3. YONTEM
Calisma  Arcmap  yazilmi  kullanilarak
gerceklestirilmistir. YYS'nin hesaplanmasi igin

gerekli temel veri setini Amerika Birlesik Devletleri
Jeolojik Arastirma Kurumu (USGS) tarafindan
saglanan 1990-2019 yillan arasinda Temmuz ve
Agustos aylari i¢in indirilebilir olan Landsat-5 TM ve
Landsat 8 Oli uydu goriintiileri olusturmaktadir
(Tablo 1). Uydu goriintiileri beser yil ara ile ve
sicakligin yiiksek, bulut oraninin diisiik oldugu
temmuz ayindan segilmeye calisilmistir ancak 2019
yilinda uydu gorilintilerindeki bulutluluk
faktoriinden 6tiiri agustos ayindan secilmistir.

Tablo 1. Calisma alaninda kullanilan uydu verileri

Goriintii Tarihi Uydu Path/Row
16.07.1990 Landsat-5TM  171/033
30.07.1995 Landsat-5TM  171/033
11.07.2000 Landsat-5TM 171/033
25.07.2005 Landsat-5TM  171/033
26.07.2011 Landsat-5TM  171/033
21.07.2015 Landsat-8 OLI 171/033
01.08.2019 Landsat-8 OLI  171/033

3.1. Yer Sicaklik Haritalarinin Uretilmesi

YYS'yi belirlemek i¢in dncelikle termal goriinti
bandi degerlerinin spektral radyans degerlerine
dontstirilmesi gerekmektedir. Landsat-5 TM
(termal bant) verisinden itibaren piksel degerinden
radyans degerine donisim i¢cin denklem 1
kullanilmaktadir (Chander ve Markham, 2003; Yuan
ve Bouer 2006; Chander ve Groeneveld, 2009; Sener,
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2016; Anandababu ve ark., 2018; Polat, 2020; Roy ve
ark., 2020).

Lmax-Lmin_ (Qcal — Qcalmin) + Lmin (1)

- Qcalmax—Qcalmin

Formiildeki, LA: Hesaplanan radyans degerini
W/(m%*sr*um), Qcal: Uydu goriintiisiiniin piksel
degerini, Qcalmax: Maksimum piksel degerini,
Qcalmin: Minimum dijital piksel degerini, Lmax-
Lmin: Qcalmax ve Qcalmin‘e gore o6lceklendirilen
spektral yansitim degerini gostermektedir (Qcalmax,
Qcalmin, Lmax, Lmin degerleri uydu meta verisinden
temin edilmistir).

Landsat-8 OLI (termal bant) icin sensor piksel
degerlerini spektral radyans degerlerine
donlisimiiniin  saglanmas1 icin denklem 2’deki
doniisiim uygulanir (Yuan ve Bauer 2006; Zhang ve
ark., 2006; Barsi ve ark., 2014; Yilmaz, 2015; Sener,
2016; Akytirek, 2020; Roy ve ark., 2020).

LA = Ml X Qcal + AL )

Formiildeki, LA: Hesaplanan radyans degerini
(W/(m?*sr*um)), ML: Radyans carpimsal
Olgeklendirme faktoriini, Qcal: Uydu goriintiisiiniin
piksel degerini, AL: Radyans ilave o6lgeklendirme
faktoriini temsil etmektedir (ML ve AL degerleri
uydu meta verisinden temin edilmistir).

Bu asamadan sonra elde edilen spektral radyans
degerinin denklem 3 kullanilarak parlaklik sicakligi
degerine doniistiirilmesi gerekmektedir (Chander
ve Markham, 2003; Yuan ve Bauer, 2006; Coll ve ark.,
2010; Orhan ve ark., 2014; Giannini ve ark., 2015;
Yilmaz, 2015; Avdan ve Jovanovska Kaplan, 2016;
Sener, 2016; Akyiirek, 2020; Polat, 2020; Roy ve ark.,,
2020).

K2
K
In(+1)

Th = - 273.15 3)

Formiildeki, Tb: Sensoér parlaklik sicaklik
degerini (°C), LA: Denklem 2 de hesaplanan spektral
radyans degerini, K1-K2: Landsat-5 ve Landsat-8 ait
uydu meta verisinden elde edilen spesifik termal
donilisiim sabitlerini ifade etmektedir.

Denklem 3’de elde edilen veri sicaklik belirtmis
olsa da arazideki gercek sicaklik degerini ifade
etmemektedir. Denklem 4 kullanilarak, sensor
parlaklik sicaklik degerine yer yilizey yayimrhgi
(emissivity) diizeltmesi yapilarak gercek ylizey
sicakligini temsil eden YYS iiretilmis olur (Zhang ve
ark., 2006; Polat, 2020).

Thb
Ts=——F————
1+(AXW yxilned

b

(4)

Formiildeki, Tb: Sensoér parlaklik sicaklik
degerini (°C), A: Gelen termal bant dalga boyunu
(Landsat 5 i¢in 11.45 um / Landsat-8 i¢in 10.895
um), h: Planck sabitini (6.626*10-34]s), b: Boltzmann
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sabitini (1.38*10-23]/K1), c: Istk  hizim
(2.998*108m/s) ve eA: Piksele Kkarsilik gelen
yayinirlik degerini ifade etmektedir.

Cisme gelen toplam 1$1n enerjisinin emilen 1sin
enerjisine oranina yayinirlik adi verilir. Denklem 4’te
piksele karsilik gelen yayinirlik degeri (eA) asagida
verilen 5 nolu denklem kullanilarak
hesaplanabilmektedir (Sobrino ve ark., 2004).

el = evAPv + esA(1 — Pv) + CA (5)

Formiildeki; ev ve es: Bitki ve toprak yayilim
degerlerini, Pv: Bitki oriintiisi oranini, CA: Ortalama
arazi purizliligini ifade etmektedir (diiz araziler
icin C = 0) (Sobrino ve ark., 1990).

Yapilan bu ¢alismada yer yiizey yayinirliginin
belirlenmesi i¢cin Normalize edilmis fark bitki indeksi
(NDVI) degerleri hesaplanmistir. Yer yiizey
yayinirligl icin NDVI kullanilarak ti¢ farkl arazi tipi
icin (kayag ve toprak / bitki ortiisii / kayac ve bitki
ortisiit karisimi) elde edilmistir (Sobrino ve
Raissouni 2000; Sobrino ve ark, 2004). YYS'nin
belirlenmesinde, NDVI degerinin, piksel degerinden
degil yansitim degerinden elde edilmesi gerekir
(Giannini ve ark., 2015; Akytirek, 2020; Polat, 2020).
NDVI degeri denklem 6 kullanilarak
hesaplanabilmektedir.

Yakin Kizil Otesi—Kumizi
NDVI = (6)

Yakin Kizil Otesi+Kurmizi

Formiildeki, Yakin kizil 6tesi bant: Landsat 8
icin 5. band, Landsat 5 icin 4. Bandi temsil
etmektedir. Kirmizi band: Landsat 8 icin 4. Band,
Landsat 5 icin 3.bandi temsil etmektedir.

Denklem 6 yapildiktan sonra, NDVI'in bitki ve
toprak degerleri kullanilarak bitki 6rtiisii oraninin
(Pv) hesaplanmasi gerekmektedir. Bu hesaplama
yerylzii  yaymirhk  (isitnim)  degerinin  (g)
hesaplanmasinda kullanilir (Sobrino ve ark., 2004;
2008; Giannini ve ark., 2015; Aktirek, 2020). Pv, bitki
Ortlisii oraninin hesaplanmasi icin denklem 7’de
verilen esitlik kullanilmaktadir.

NDVI-NDVImin

Pv=
(NDVImax—NDVImin

)? 7)

Yaymirhk (1sitnim) (€) degeri yer yiizeyi
sicakliklarmin hesaplanmasinda kullanilmaktadir.
Bu degerin hesaplanmasi igin bir¢cok ydntem
gelistirilmistir. Bu c¢alismada NDVI degerlerine
dayali yontem kullanilmistir. Landsat 5 Tm i¢in yer
ylzey yaymirhig;; NDVI degerleri eger 0.2’nin altinda
ise yiizeyin kaya¢ ve topragl temsil ettigi ve bu
durumda yayinirlik degerinin 0,97 alinmasi, NDVI
degeri eger 0.2 ile 0.5 arasinda ise ylizeyin bitki
ortiisii ve kayaclardan olusan bir karisimi temsil
ettigi ve bu durumda yayinirlik degerinin bulunmasi
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icin denklem 8’in kullanilmasi1 gerektigini, NDVI
degeri eger 0.5'in listiinde ise ylizeyin bitki ortiisti ile
kapli oldugu ve yayinirhk degerinin 0.97
kullanilmas1t  ¢esitli arastirmacilar tarafindan
onerilmistir (Sobrino ve ark., 2004; Sobrino ve ark.,
2008; Giannini ve ark.2015). Landsat-8 TM igin ise
yer yizey yaymirhig icin su:0.991, bina:0.962,
toprak:0.966, bitki:0.973 degerlerinin kullanilmasi
Onerilmistir ve bu ¢calismada da bu oneriler dikkate
alinmistir (Wang ve ark., 2015).

e TM6 = 0.986 + 0.004 P v )
4. BULGULAR

Landsat 5 TM ve Landsat 8 OLI uydu goriintileri
kullanilarak 1990-1995-2000-2005-2011-2015-
2019 willarini kapsayan YYS haritalar1 ve temel
istatistik hesaplamalar1 olusturulmustur (Sekil 3 ve
Sekil 4).

vil Min. (°C) Mak. (°C) ort. (°c)
1990 17;93 48,51 35,45
1995 14,25 45,96 33,96
2000 15,67 51,28 40,18
2005 18,39 50,31 38,76
2011 13,31 48,87 36,01
2015 19,78 50,47 39,37
2019 22,35 55,29 44,17
60
50 ,(j
a0 >
30 %
L —— — o
10

o]

1990 1995 2000 2005 2011 2015 2019
= Miinimum Sicaklik v Maksimum Sicaklik
Ortalama Sicaklik Dogrusal (Ortalama Sicaklik )

Sekil 3. inceleme alaninda yillara gére YYS degerleri
ve grafigi.

Sekil 3’de verilen YYS verileri incelendigi zaman
minimum, maksimum ve ortalama sicaklik
degerlerinin 1990 yilindan 2019 yilina dogru genel
olarak bir artis trendinde oldugu gézlenmektedir. Bu
artislarda 2000 ve 2019 yillarinda belirgin oranda
artis, 1995 ve 2011 yillarinda ise bariz diisiisler
gozlenmektedir. 1990 yilinda ortalama sicaklik
35.45 °C iken, 2019 yilinda bu sicaklik 44.17 °C
sicakliga ulasmistir. Yani 29 yillik siirecte ortalama
sicaklikta yillik olarak yaklasik 0.3 °C artis
gozlenmektedir. Atabey ve Toprak (2018)’'in Mus ve
Bitlis illerinin uzun yillar (1982-2011) meteorolojik
sicaklik degisimi ile ilgili olarak yapmis olduklar
calismada da sicakligin artis hizinin sekil 3 ve Sekil 4
de elde edilen sonuglar ile paralel oldugu
gorilmistir. Mus ili icin olusturulan Yer ylizey
sicaklik haritalar1 sekil 4’te verilmistir.
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Sekil 4. Yillara gére NDVI ve YYS haritalari
YYS haritalarinin yanina ise her yil igin haritalar1 incelendigi zaman sehrin topografik
olusturulan NDVI haritalar1 da eklenmistir. acidan yiiksek olan kesimlerinin diisiik sicaklik

Boylelikle yillara gore sicaklik artis-azalislarinin
NDVI degerleri ile olan iligkisi daha net
anlasilacaktir. NDVI degerleri -1 ile +1 arasinda
degismektedir ve pozitif degerler saglikl yesil bitki
ortlistini  belirtmektedir. ~ Haritalarda  NDVI
degerlerinin pozitif oldugu, bitkilerin yogun oldugu
alanlarda YYS degerlerinin daha diisiik oldugu goze
carpmaktadir. Bu durum ozellikle ilin giineybati
kisminda bariz bir sekilde gdzlenmektedir. Akarsu
ve goletlerin oldugu kisimlarda ise YYS degerlerinin
en disik oldugu gorilmektedir. 2011 yilindan
itibaren ayrica Alparsalan-1 barajinin varligr ile
birlikte olusan golet haritalarda diisiik sicaklik ile
goze c¢arpmaktadir. Korkut ilgesinin engebeli
arazilerinde ve Malazgirt ilgesinin glineydogu
boliimlerinde ise sicakligin yillar boyunca hep
yluksek oldugu goze c¢arpmaktadir. Mus il
merkezinde ise yillar icerisinde onemli sicaklik
farklhiliklarinin olusmadig1 goézlenmistir. Bu durum
Mus ilinin diisiik niifus artis1 ve dolayisiyla sehirde
diisiik oranda artis gosteren yapi stogu ile iligkili
oldugu diisiiniilmektedir. Mus ilinin 1990 yilindaki
niifusu 376435 kisi iken 2019 yilinda bu sayi
408809’a yiikselmistir (URL-4).

Mus ili icin Sekil 2’de olusturulan kabarti
haritas1 ve Sekil 4’de olusturulan NDVI ve YYS
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degerlerine sahip oldugu da goriilmektedir. Bu
durum topografik olarak yiiksekligin 150 metrede 1
°C azalmasi (Yalgin ve ark, 2018) ile yakindan
iligkilidir. Ayrica bu yiliksek alanlarda yer yer
gelismis olan bitki ortiisiiniin varhigl da sicakhigin
disik kalmasinda olduk¢a etkin olmustur.
Haritalarin giineybati kesiminde bulunan Bitlis-
Zagros dag kusaginin oldugu alanlar, Varto ilgesinin
kuzey bolgelerinde yer alan yiliksek kesimler,
Bulanik ilcesinde bulunan yiiksek alanlar (Bilican
Daglar1) topografik olarak yiiksek olmalarindan
otiri daha algakta kalan yerlere gore daha diisiik
sicaklik degerlerine sahiptir.

5. SONUCLAR ve ONERILER

Yapilan bu ¢alisma ile Mus ilinin 1990 yilindan
2019 yilina kadarki 29 yillik dénemini kapsayan
Landsat 5 TM ve Landsat 8 OLI uydu goriintiileri
kullanilarak YYS degerleri incelenmistir. Mus ilin
YYS verilerine bakildiginda genel olarak sicakligin
artis trendinde oldugu gorilmektedir. 29 yillhik
slirecteki ortalama sicaklik degisimi incelendiginde
yulik ortalama 0.3 °C sicaklik artisinin oldugu
belirlenmistir. Sicaklik artis oranlarinin 2000 ve
2019 yillarinda oldukca belirgin bir sekilde arttig:
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gorilmektedir. 1995 ve 2011 yillarinda ise YYS
degerlerinde belirgin diistslerin oldugu
saptanmistir. Sehirdeki sicakligin genel olarak artisi
ozellikle kentin kuzeydogu boélgelerinde kendini
gostermektedir. Buda YYS'daki artis trendinin
kiiresel 1sinmadan kaynaklanmis olabilecegini
gostermektedir.

YYS  hesaplamalar1  bircok  arastirmaci
tarafindan farkli bolgelerde uygulanmaktadir
(Balcik, 2014; Orhan ve ark. 2014; Sener, 2016;
Zhang ve ark. 2016; Alkan ve ark. 2017; Polat ve
ark., 2018; Tonyaloglu, 2019; Sekertin ve Marangoz,
2019; Akyiirek, 2020; Polat, 2020; Orhan, 2021). Bu
calismalardan Mus iline cografi olarak yakin
calismalar incelendiginde Batman ve Mardin
illerinde benzer calismalarin oldugu gorilmistir.
Alkan vd. (2017) Batman icin olusturmus olduklari
YYS hesaplamalarinda 1985 yili temmuz ay1 i¢in YYS
degerlerinin 26-56 °C arasinda degistigini ve 2015
yil temmuz ayinda ise bu sicakligin 28-59 °C
arasinda degistigini bildirmistir. Polat (2020)
Mardin ili i¢cin yapmis oldugu c¢alismada 1990 yih
eylil ay1 icin YYS degerlerinin 10.17-38.57 °C
arasinda degistigini ve 2018 eylil ayilinda ise bu
sicakliklarin 24.82-49.91 °C arasinda degistigini
ayrica yillik ortalama 0.5 °C’lik bir sicaklik artisinin
var oldugunu belirtmektedir. Eylil ay1 YYS
degerlerini iceren bu ¢alismanin temmuz-agustos
donemlerinde olmasi halinde elde edilen YYS
degerlerinin daha da yiiksek olmasi beklenmektedir.
Mus ili i¢in yapilan bu calismada elde edilen YYS
degerleri bolgeye komsu alanlarda oldugu gibi artis
trendi icerisindedir. Batman ve Mardin ilinin Mus’a
gore daha giineyde olmasi daha yiliksek oranlarda
sicaklik degerlerini olusturmustur.

Atabey (2018) Mus ilinin uzun doénem
meteorolojik o6zellikleri (1982-2010 yillar1 arasi)
tizerine yapmis oldugu c¢alismada sehrin yaz
doneminde bulutlu giin sayisinin  gegmisten
gliniimiize dogru gittikce azaldigin ve glineslenme
sliresinin ise giderek arttigini, buna bagh olarak da
sicaklik artis trendinin yaz aylarinda yiikselmekte

oldugunu belirtmektedir. Bu durum YYS
hesaplamalarinda go6zlenen sicaklifin artisinin
iklimsel verilerde de kendini belli ettigini
gostermektedir.

Sicakligin mekansal olarak yayiliminin daha iyi
anlasilabilmesi i¢in arazi kullanimi ve bitki ortiisii
kosullarinin daha iyi irdelenmesi ve daha yiiksek
mekansal ve spektral ¢oziiniirlige sahip uydu
gorlintiilerinin  kullanilmast  bundan  sonraki
calismalarda daha verimli sonuglar liretebilecektir.
Ayrica giincel tarihli uydu goériintiilerinin ¢ekildigi
tarih ile es zamanli olarak arazide yiizey sicakliginin
da ol¢tlip test edilmesi yapilan calismalar1 daha da
givenli  kilacaktir. Uzun yillann  kapsayan
meteorolojik dlciim sonuclarinin YYS degerleri ile
korele edilmesi elde edilen sonuglar1 ¢ok daha
anlamli yapacaktir. Bolgede var olan jeotermal
kaynaklarin bu YYS degerlerindeki etkisinin ortaya
konulmas1 sonraki doénemlerde yapilacak olan
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jeotermal kaynak arastirmalari icin oldukea faydal
veriler liretebilecektir.
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ABSTRACT

Crop cover fraction is commonly used to define ecosystem change and vegetation quality.
In 2014, 2015 and 2016, color images were taken in approximately 90 sample fields at
intervals of one to two weeks. Images were gathered in April, May, June and July. These
4 months means the growth period from planting until the harvesting. In this way, plant
phenology was studied closely. Two approaches were used to estimate crop cover
fraction in two crop types in this study. In first method, the images were transformed
from the RGB color space to the HSI color space. Object-based classification was used to
separate the images as the green vegetation and the non-green part. In the second
method, The Green Crop Tracker software is used. The Green Crop Tracker is an
applicable alternative to ground-based methods. In this approach, both the loss of time
and the loss of labor is less than object-based classification. Results from the green Crop
Tracker software and object based classification were compared during the growing
seasons in 2014, 2015 and 2016 high correlation was obtained between these two
methods (for 2014 R*=0.89, for 2015 R?*=0.87, for 2016 R?>=0.90).

2014-2016 Dijital Gériintiilerinden Bitki Ortii Kesitinin Tahmini: Osmaniye ili Kadirli

Ornegi

Anahtar Kelimeler
Bitki Ortii Kesiti
Green Crop Tracker
RGB’den HSI'ya
Sayisal Kamera
Nesne Tabanli
Siniflandirma

0z

Bitki ortii kesiti, genellikle ekosistem degisikligi ve bitki ortiisii kalitesini tanimlamak
icin kullanilir. 2014, 2015 ve 2016 yillarinda bir ila iki hafta araliklarla sahada yaklasik
90 renkli gorintii alinmistir. Goriintiiler Nisan, May1s, Haziran ve Temmuz aylarinda elde
edilmigtir. Bu 4 ay, ekimden hasada kadar olan biiyiime dénemini igermektedir. Bu
sekilde bitki fenolojisi yakindan incelenmistir. Bu ¢alismada iki tiriin tiiriinde bitki ortii
kesitini tahmin etmek i¢in iki yaklasim kullanilmigtir. ilk yontemde, goriintiiler RGB renk
uzayindan HSI renk uzayina doniistiirtilmiistiir. Nesne tabanl siniflandirma, gériintiileri
yesil bitki értiisii ve yesil olmayan kisim olarak ayirmak icin kullanlmistir. ikinci
yontemde Green Crop Tracker yazilimi kullanilmistir. Green Crop Tracker, arazi tabanl
yontemlere uygulanabilir bir alternatiftir. Bu yaklasimda hem zaman kaybi hem de is
glicii kaybi, nesne tabanli siniflandirmaya goére daha azdir. Green Crop Tracker
yazilimindan ve nesne tabanl siniflandirmadan elde edilen sonuglar, 2014, 2015 ve 2016
yillarindaki biiylime sezonlarinda karsilastirilmis, bu iki yontem arasinda yiiksek
korelasyon elde edilmistir (2014 icin R* = 0.89, 2015 icin R? = 0.87, 2016 icin R? = 0.90).
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1. INTRODUCTION

Fractional vegetation cover (FVC) is the ratio of
vertically projected area of vegetation to the total
ground surface (Song et al, 2017). This green
vegetation has including leaves, stems, and branches
(Purevdorj et al., 1998; Gitelson et al., 2002; Godinez-
Alvarez et al., 2009; Xiao et al., 2017).

Crop cover fraction is a controlling factor
terrestrial processes and climate models.
Photosynthesis, transpiration, global climate
changes are these terrestrial processes (Gutman and
Ignatov, 1998; Barlage and Zeng, 2004; Jiapaer et al.,
2011; Ameth, 2015; Song et al.,, 2017). In addition to
this, crop cover fraction can be used as direct input
to crop models. Also crop cover fraction is as a
predictor of crop yield, above-ground biomass and
plant nutritional status (Coy et al,, 2016).

Ground based methods are a common tool for
estimating crop cover fraction but are time
consuming and labor intensive (Richardson et al,,
2001). Due to the development of computer
technology and digital image analysis, the use of
digital images in the estimating FVC has gradually
increased (Zhang et. al, 2018).

Digital color images are analyses of changes in
the spatial pattern of vegetation and an appropriate
for vegetation classification (Bestelmeyer et al,
2006). Digital color imaging is also an active tool for
detecting many soil and ecological processes,
including wind erosion (Okin et al., 2006).

The green pixel percentage of the total number
of pixels with the image processing software can be
taken to obtain the information of crop cover
fraction. The methods of threshold method (Lukina
etal, 1999; Liu and Pattey, 2010), green to red band
(Adamsen et al., 1999), spectral-contextual classifier
(Zhou and Robson, 2001), Green Crop Tracker (Liu
and Pattey, 2010), spectral mixture analysis method
(Elmore et al., 2000), by counting the green pixels in
the image (Purevdorj et al,, 1998) have been used to
estimating crop cover fraction from digital color
images.

Digital color image analysis traditionally was
performed using pixel based classification. In this
method, each pixel’s digital number is used
individually. Another commonly used method is
object-based classification. In this method, pixels are
combined in a first step into objects that are
homogeneous with consider to spatial or spectral
characteristics (Ryher and Woodcoock, 1996).
Homogeneity in this case refers to smaller within-
object than between-object variance. In a second
step, those objects rather than single pixels are
classified. HSI transformation can be applied to
digital color images and then has been used to
estimating crop cover fraction from these images
(Ewing and Horton, 1999; Tang et al, 2000;
Hemming and Rath, 2001; Laliberte et al., 2007).

In recent years, research into object-based
classification of digital image photography has
increased. Most studies using object-based
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classification only estimate total vegetation cover of
the plot (Fiala et al., 2006; Laliberte et al., 2007; Lee
and Lee, 2011), estimation LAI (Liu and
Pattey,2010), vegetation monitoring (Sakamoto et
al,2012), crop identification (Meyer et al,1999),
weed detection (Perez et al.,2000; Sui et al.,2008).
Crop cover fraction can be obtained faster, easier and
more accurately with the help of digital cameras.

Some authors such as Hemming and Rath, 2001;
Ewing and Horton, 1999; Karcher and Richardson,
2003 have reported increased accuracy in vegetation
analysis using digital color images with HSI
transformations rather than the original RGB bands.
Green and other plant materials are intermixed
constantly. In particular, it is difficult to distinguish
between digital images thatlack a near infrared band
and consist of only red, green, blue bands.

Band inter-correlation is high in the RGB space
rather than HSI space. Band inter-correlation is
reduced, when images are transformed to the
intensity-hue-saturation (HSI) space. RGB color
representation of a cube, HSI is also based on the
color sphere (Jensen, 2005). Intensity associates
with brightness. Intensity is represented as the
vertical axis of the sphere. Hue is the dominant
wavelength of the color. Hue is represented as the
circumference on the sphere. Saturation is expressed
as the relative purity of the color. Saturation is
represented as the sphere's radius. The HSI model
splits up the intensity part from the color
information. Hue and saturation parts relate to how
humans perceive color (Jensen, 2005).

The Green Crop Tracker automatically takes
estimates of crop cover fraction from digital color
images of growing sunflower and corn crops. The
software uses a histogram-based threshold
technique applied to the RGB values of the images.
This is done to estimates crop cover fraction by
segmenting green canopy from soil and the other
materials (Coy et al.,, 2016).

The aim of this study was to estimate crop cover
fraction with digital camera images from
approximately 1 to 1.5 m from the ground. Other aim
is to compare the two methods used in the
determination of crop cover.

2. METHOD
2.1. Study area and in situ data measurements

Content should be written in 2 columns with
Cam The study area is located in Eastern
Mediterranean region, Kadirli, Osmaniye, Turkey. It
is located in between 362 and 372 north latitude and
352 and 3692 east longitudes. The elevation from sea
level of Kadirli is 95m. Area of Kadirli is 1071.3-
kilometer squares.

The mean annual temperature is 18°C. The
average minimum temperature is 6°C, the average
maximum temperature is 42.8°C. The precipitation
is higher in winter and autumn than in the other
months. The mean annual precipitation is 827.5 mm.
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The highest average temperature is 36°C in August
and the coldest temperature is 3°C in January. The
annual average amount of rain is 890/m?.

This area was chosen as a study area because it
has very fertile soil. The florae of the area are very
rich in species. Lowlands are used for agriculture.
Also, there are a lot of forest lands. The town has
%39 green area and the forests, which is much more
than world's and Turkey's average
standards.

average

Figure 1. Study area

The experimental site, Kadirli, is located at the
northeast of Cukurova and in the south of Orta Toros
mountains. Cukurova region in the south of Turkey
is one of the most agriculturally fertile lands in the
world.

Kadirli, the biggest town of Osmaniye, is
surrounded by Feke and Saimbeyli in the north,
Andirin and Diizi¢i in the east, Osmaniye and Ceyhan
in the south, Sumbas and Kozan in the west, as is
shown in Figure 1 (Karakus ve ark.,2017). 2/3 of
Kadirli land consists of lowlands and 1/3 consists of
mountains.

Subtropical Mediterranean climate prevails in
Kadirli. In summers it is hot and arid; in winter it is
warm and rainy.

2.2. Vegetation cover measurement

The Sony DSC-s930, a digital camera, was used
to determine the crop fraction. Vertical digital color
images were taken over each of the 30 sample fields
every year (total 90 sample fields) at 1-2-week
intervals, as is shown in Figure 2. Digital images were
taken from about 1-1.5 m height.

Digital color images were taken to determine
the crop cover fraction estimates of crop cover
fraction were made by classification of digital color
photos with object-based classification and were
used by Green Crop Tracker software. Digital color
images for corn and sunflowers were collected
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during 3 years, including the 2014-2016 crop cycle,
in several sample fields in the Kadirli of Osmaniye.
The images were imported into Ecognition
Developer and converted from RGB to HSI space.

Figure 2. Sony DSC-S930 digital camera (URL-1)
2.3. RGB to HSI

From RGB to HIS image transformation was an
useful phase for image classification. Each pixel of a
digital color photo consists of three digital numbers.
These are light intensity quantized in the red, green
and blue bands (Liu and Pattey, 2010). RGB values
can be converted directly to hue-saturation-intensity
(HSI) values for ease of interpretation. The RGB color
presentation is based on a cube, although HSI color
presentation is based on a color sphere (Jensen,
2005). Hue of a color refers to which spectral
wavelength it most closely matches and is expressed
as an angle in HSI color space. Arbitrarily, 240° is
blue, 120° is green and a hue of 0° is red. And Purple
colors between 240 ° and 360 ° (Pan et al,, 2007).

Converting from RGB to HSI format can be done
as follows (Castleman, 1996):

~ (R—G)+ (R - B)
- 2J®R=6+R-B)G-B)

3 +min(R,G,B)
R+G+B

I=2(R+G+B) )

where R=Red
G=Green
B=Blue

represent the intensity levels recorded by the red,
green and blue channels of the digital camera.

2.4.Image segmentation and analysis

eCognition Developer Software was used in the
processing of digital images. Firstly, there was
conversion from RGB to HSI for digital color images.
An image is divided into homogeneous areas
according to three parameters: scale, shape, and
color in this method. Color and shape parameters can
be weighted from zero to one. The scale parameter is
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unitless. These parameter controls the relative size
of image objects, with a larger scale parameter
resulting in larger image objects (Definiens, 2016).
We classified green canopy and the other materials.
The number of green pixels in each image is divided
into the total number of pixels in the image to
determine the vegetation cover in the image. The k-
nearest neighbors classifier is one of the most widely
used methods of classification, because of it is simple
and easy to implement. The k-nearest neighbors
algorithm is a non-parametric method used for
classification. Analysis in eCognition can be
conducted using either a nearest-neighbor
classification based on selected samples or with
membership functions, representing a rule-base
classification. Nearest neighbor classification is
more appropriate when classes are more difficult to
separate from each other. Because this approach is
more appropriate to evaluate the relationship
between object properties and to define a
multidimensional feature space (Definiens, 2003).
Suitable samples have to be selected for each class
for a nearest neighbor classification.

2.5. Green crop tracker software

Green crop Tracker (GCT) is a histogram-
based threshold method. Green crop Tracker is
used to process digital color photographs taken
on agricultural products. The Green Crop Tracker
software can be used to process digital color
images at a 57.5 ° tilting angle or portrait
orientation, up and down (Liu and Pattey, 2010;
Liu and Pattey, 2013).

3. RESULTS

3.1. Comparison of green crop tracker and
object-based classification

Crop cover fraction values were obtained by
using two methods. In the first method, the color
images were converted from RGB to HSI with the
eCognition software, as is shown in Figure 3-4.

Figure 3. An example for digital camera images of
2014-4, corn plant images transformed RGB to HIS
on 05.05.2014.
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p )

P ~ >
Figure 4. An example for digital camera images of
2014-3, sunflower plant images transformed RGB to
HIS on 05.05.2014.

In the second part of the first method, samples
are selected. An image is segmented into
homogeneous areas based on three parameters:
scale, shape, and color with multi resolution
segmentation (Figure 5). Scale and shape
parameters were selected as 0.1 and 60 in the
phenological period of the crops, as is shown in
Figure 6.

Then images classified green pixel and other
materials, as is shown in Figure 7-8. Unclassified
objects and wrongly assign objects are assigned to
the correct classes. This period should be repeated if
needed to correct classification results. Then to
determine the vegetation cover in the image, the
green crop pixels in each image were divided by the
total pixel number of images.

In the second method, the crop cover fraction
was determined by Green crop tracker software.
Focal length, camera looking direction, camera
looking angle, sensor horizontal size /mm, range of
angle parameters are needed for estimation of crop
cover fraction. From these parameters, the camera
looking direction is selected down, looking angle is
selected vertical, sensor horizontal size is taken 6,17
mm, range of angle is taken 3,4375 and focal length
is taken 6,3 mm, as is shown in Figure 9.

Crop cover fraction values were determined by
using Green Crop Tracker software by changing the
required parameters, as is shown in Figure 9.

R? was used to establish the relationship
between the two methods used in determining the
crop cover fraction.

There is a high correlation between these two
methods, as is shown in Figure 10-Figure 15.

4. DISCUSSION AND CONCLUSIONS

In this study, a reliable, fast and cost-effective
method was used to determine the crop cover
fraction from digital color images. As others have
found, HSI transformation can be very useful for
estimating crop cover fraction.

The object-based classification was also useful
because it eliminated the ‘salt and pepper effect’
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common in pixel based classification. The’ salt and
pepper effect ' originates from high local spatial
heterogeneity, among neighboring pixels. The
object-based classification can decrease many of
these problems.

Object based classification from low altitude
digital color image was an effective technique for
estimating crop cover fraction and soil and for
separating green and senescent vegetation. An
additional advantage is the installation of permanent
digital color images that can be used to detect
vegetation changes over time.

According to the object-based classification
with the Green Crop Tracker (GCT) software.
Moreover, from fig10 to fig 15 it is always used as
GCT, fractional crop cover was obtained in a shorter
time. When R? values were examined, it was
observed that the two methods estimated very close
results.

Figure 5. An example for digital camera images of
2014-3, sunflower plant images were segmented on
05.05.2014

e
Figure 6. An example for digital camera images of
2014-3, corn plant images were segmented on
05.05.2014

Figure 7. A digital camera image of 2014-3,
sunflower plant image was classified sunflower and
the other materials on 05.05.2014

Figure 8. A digital camera image of 2014-4,
sunflower plant image was classified sunflower and
the other materials on 05.05.2014
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Figure 9. Digital camera images of 2014-23,
sunflower plant image is classified by Green Crop
Tracker software
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Figure 10. The relationship between two methods
for 2014-3 corn field

2014-4 Sunflower Crop Cover Fraction-Date Graphic
1 R2=0,90
09
08
0,7
06
05 ——GCT
0a —m—Hsl
03
02
01
0
& ™ ™ & B 3
'19'& Q{p‘& :P Qb:p "P "P ";.P'\ ‘\é;}e'& \g’\fp\ 09,\'79-» (16\19\:
> L

Figure 11. The relationship between two methods
for 2014-4 sunflower field

2015-15 Corn Crop Cover Fraction-Date Graphic
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Figure 12. The relationship between two methods
for 2015-15 corn field

55

2015-14 Sunflower Crop Cover Fraction-Date Graphic
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Figure 13. The relationship between two methods
for 2015-14 sunflower field

2016-18 Corn Crop Cover Fraction-Date Graphic
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Figure 14. The relationship between two methods
for 2016-18 corn field

2016-29 Sunflower Crop Cover Fraction-Date Graphic
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Figure 15. The relationship between two methods
for 2016-29 sunflower field
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Accuracy Assesment Unmanned Aerial Vehicles (UAV) use in the production of the map for photogrammetric
DEM purposes. Unlike aerial photogrammetry, UAV cameras are non-metric amateur cameras.
StM Therefore, they need some operations to use in photogrammetry. Structure from Motion
UAV (SfM) algorithms prefers for processing images because of the usage of the non-metric

cameras. These algorithms generally identify key-points (via feature extraction) on the
photos and match tie-points (via feature point matching) in overlap images. SfM is a
photogrammetric technique that produces keypoint to match by identifying key points,
such as edge-to-corner points, through high-resolution RGB photos. The scope of this
study was to compare the results obtained by UAVs and the results acquired by ground
truth data. In this comparison, SfM algorithm performance, the effects of flight height,
overlap rate, and UAV-type on the model investigated, and significant results achieved.
Additionally, the models obtained from the UAV photographs with different flight heights
and overlaps in the areas with varying characteristics of the slope compared.
Consequently, it determined the difference between around 20 cm (Z value), comparing
the flight height of 80 m and the flight height of 120 m. Since it is observed that the flight
height does not have a significant effect.

Jeodezik Tekniklerle ve IHA'nin Fotogrametrik Kullanimu ile Uretilen Sayisal
Yiikseklik Modellerinin Karsilagtirilmasi

Anahtar Kelimeler 0z

Dogruluk Arastirmasi Son yillarda fotogrametrik amach harita iiretiminde Insansiz Hava Araglar1 (IHA) siklikla
{HA kullanilmaktadir. Hava fotogrametrisinde kullanilan kameralarin aksine, {HA kameralari
StM metrik olmayan kameralardir. Bu nedenle fotogrametride kullanmak i¢in bazi islemlere
SYM ihtiya¢ duyarlar. 3 Boyutlu model iiretiminde kameranin farkli pozisyonlardan

bindirmeli fotograf ¢ekimi esasina dayali Structure from Motion (SfM) algoritmalari,
metrik olmayan kameralarin kullanilmasina olanak saglamaktadir. Bu algoritmalar
genellikle fotograflardaki anahtar noktalar1 (6znitelik ¢ikarma yoluyla) tanimlar ve
bindirmeli goriintillerde baglanti noktalarini (6znitelik noktasi eslestirmesi yoluyla)
eslestirir. SfM, yiiksek ¢oziintrlikli fotograflar araciligiyla kenar noktalar1 kose
noktalar: gibi kilit noktalar1 (keypoint) tanimlayarak eslesecek anahtar nokta (tie point)
iireten bir fotogrametrik tekniktir. Bu calismanin amaci, [HA'lar ile ¢ekilmis
fotograflardan 3B model iireterek, arazi verilerinden elde edilen 3B modelin
karsilagtirilmasidir. Bu karsilastirmada SfM algoritma performansi, ugus yiiksekligi,
bindirme oram ve HA tiiriiniin model {izerindeki etkileri incelenmis ve énemli sonuclar
elde edilmistir. Ayrica farkh ucus yiiksekliklerine sahip IHA fotograflarindan elde edilen
modeller ve farkli egim 6zelliklerine sahip arazilerde de karsilastirmalar gergeklestirildi.
Sonug olarak 80 m ugus yliksekligi ile 120 m ucus yiiksekligi arasindaki farkin (en biiytik
fark olarak) 20 cm oldugu (Z degerinde) tespit edilmistir.
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1. INTRODUCTION

Photogrammetry is defined as the method of
measurement and evaluation through various
images without contacting objects. Due to the high
accuracy and faster mapping of large areas, the
photogrammetry method preferred for many years.
Metric cameras used in aerial photogrammetry have
a significant effect on this accuracy (Martinez-
Carricondo et al., 2018).

Unlike metric cameras wused in aerial
photogrammetry, UAV cameras (generally) are
amateur cameras (non-metric). For this reason, they
must pass through some stages to use in
photogrammetry — UAVs commonly used in remote
sensing in the last quarter-century. Compared to
satellite and aircraft-based systems, repetitive
measurement capacity offers significant advantages
for users in terms of data production with low cost
and very high resolution (Comert. et al.,, 2019). One
of the crucial reasons for the increase of the
photogrammetric usage of UAVs is the increase in
the use of highly self - executing software. This
software offers high model accuracy and easy-to-use
user-friendly methods. In particular, the evaluation
of the final products of end-user software is an
essential issue for researchers (Cryderman et. al.,
2014, Draeyer and Christoph 2014, Strecha, 2014).

Unmanned Aerial Vehicle (UAV) is called a plane
that does not carry any pilot or people and command
remotely. UAV provides outstanding contributions
to fast and up-to-date data collection. It is necessary
to determine the accuracy of these products
obtained in these low-cost systems (Uysal, M,, et al,,
2018). Scientific researches carried out through
UAVs can be considered very new. In contrast to
military studies, the use of UAV for civil purposes has
increased remarkably over the last decade (Mesas-
Carrascosa, et. al. 2014, Colomina and Pere 2014).
UAVs including photogrammetric digital elevation
model (DEM) production, agricultural research, and
applications (Berni, ], AJ, et al, 2009),
transportation (Martinez-Carricondo, P., et al,, 2018,
Amukele, T. K,, et al,, 2015), architectural studies,
environmental factors, monitoring, emergency and
disaster  situations, technological research,
entertainment, and education sector and more
others nowadays, it is used in almost every different
branches.

Considering that the production costs are low,
the model accuracy produced by UAVs is higher than
expected (Cryderman, C., et. Al, 2014). The latest
research shows that the accuracy of the position of
the products produced by UAVs with the new
technology is well above the expectations. According
to RTK-GNSS based measurement results, DEM with
a point density of 35 points/ha and UAV DEM, whose
point density calculated as 235 points/ha, were
compared, when UAV-based DEM used as the
reference plane, the volumes of excavations found to
be very close to each other (Akgul, M., et al., 2018).
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Despite the negativities such as short flight
distances, low battery life, and insufficient camera
resolutions in general, UAVs are found successful
and sufficient by the researchers. The recent
development and research activities are so intensive
on this issue and that it is expected to perform a
much more critical role in the future (Cryderman, C.,
et. Al, 2014, Mesas-Carrascosa, F. ], et al.,, 2014,
Berni, J. AJ,, et al,, 2014, Martinez-Carricondo, P., et
al,, 2018, Amukele, T. K, et al., 2015).

UAVs are mainly composed of 3 components
(Colomina, I, and Pere M., 2014, Arik, S., et. Al,
2018). The first and most crucial component is the
main body. In this section, the engine, battery, wing
are inside (vital mechanical equipment for flight).
The second component includes the whole the
electronic sensors that calculate the aircraft's
positional status, angular velocity and linear
acceleration (such as a gyroscope). The latest
component is the sensors that are preferred by the
users. For public use as a payload, RGB cameras are
the most preferred sensors. Sensors that can obtain
images in different bands (Near Infrared, Infrared,
Radar, Sonar, Thermal Sensors, Multispectral
Sensors, Hyperspectral Sensors, etc.) (Sabins, F.,
2007) can be used for different goals if preferred by
the users.

Model-generating  software  from  UAV
photographs generally produces results via a
mathematical algorithm that base on the structure
(known as "Structure from Motion"-SfM) (Carr, B. B,,
et al,, 2019, Strecha, C., 2014). This algorithm focus
on the combination of photographs taken from
points with different bases with common matching
points. In general, point matching algorithms in the
literature such as FAST, SURF, ORB most commonly
used methods (Govender, N., 2009). Also, In order to
evaluate the reproducibility of a 3D model based on
a UAV platform and structure-from-Motion
algorithms, research frequently examined areas
described by gentle slopes, with sets of ground
control points. The mean absolute error tested by
SfM is only 0.06 m (Clapuyt, F., et. al.,, 2016).

The cartographic representation of elevation
data, which represents a specific part of a land, is
divided into a grid, is called the Digital Elevation
Model (DEM). DEM can proceed in many different
ways. From stereo satellite images, interferometric
SAR (InSAR) technique, stereo aerial photographs,
and more other. It is possible to create DEM with
many different techniques (Makineci, H. B., and
Karabork., H., 2016).

There are some struggles with the UAV flight
plan examination. A study accompanied to review
the effects of several altitudes and UAV types on the
UAV-SfM based model correctness. It is illustrated to
use UAVs for creating model aim relevant
requirements (Yurtseven, H., 2019). Our study aimed
to compare the results produced with the UAVs and
the results produced by ground measurements and
to determine the height differences between them.
For this purpose, models of different types of terrain
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(high slope area, sloping area, and flat field),
different types of UAVs (fixed-wing and rotary
vanes), and different flight parameters (flight height
and overlap rates) produced. DEM has also been
produced in the field by measurements (Real Time
Kinematic RTK Method). By comparing the data of
these two methods, accuracy analysis performed on
the height differences of the points from sea level. To
interpret the differences statistically and to be
evaluated more quickly, a normal distribution was
applied, three sigma rules applied, and the points
outside the 95% confidence interval were
determined — the effects of a normal distribution on
accuracy investigated by subtracting the points
outside the confidence interval. Also, points
classified according to different field types and the
effect of the slope on accuracy found. All results were
interpreted, and the correlation between the models
investigated.

2. METHOD

2.1. Used Unmanned Aerial Vehicles and
Cameras

UAVs used to produce models are of two
different types (Fig. 1). SenseFly eBee Plus model
was used as fixed-wing UAV. The camera has a
S.0.D.A (RGB) camera with the plugged camera. The
fixed-wing UAV with a wingspan of 96 cm weighs
about 700 gr. and can remain in the air for 50
minutes according to the factory data. For the fixed-
wing UAV with integrated GNSS IMU systems, the
wind resistance is specified as a maximum of 12 m /
s. For the camera plugged on it, for S.0.D.A, the
manufacturer is given 20-megapixel RGB sensor and
2.9 cm/pixel Ground Sample Distance (GSD) (for AGL
122 m flight height).

Figure 1. D]l Phantom 4 Pro Rotary Wing UAV and
Integrated RGB Camera and SenseFly Ebee Fixed
Wing UAV and RGB Camera S.0.D.A

DJI Phantom 4 Pro was used as the rotating
winged UAV. An integrated RGB camera is used as a
camera. This UAV has a wingspan of 35 cm (diagonal
size) and weighs 1380 gr. In addition, according to
the manufacturer's data, the wind resistance of the
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UAV which can remain in the air for 30 minutes is
stated as 10 m/s. Features of the integrated camera
are given as 20-megapixel RGB sensor and 3.33
cm/pixel Ground Sample Distance (GSD) (for AGL
122 m flight height). The rotary wing UAV with GNSS
IMU systems is one of the most well-known
industrially known brands worldwide. Table 1
shows the characteristics of the UAVs and cameras.

Table 1. Specs of the UAVs and cameras

UAV Name UAV Camera Wind Max. Flight
and Model  Type Resolution  Resis. Flight Speed

Time Range
SenseFly Fixed 20 12 ~50 11-25
Ebee Wing Megapixel (m/s) min. m/s
DJI Rotary 20 10 ~30 3-16
Phantom4  Wing Megapixel (m/s) min. m/s
Pro

2.2.Study Area

In order to carry out the field work, coordinates
between 542000.00m E - 4179760.00m N (UTM
Zone 36s), region near the Karapinar district of
Konya was preferred. This region is a rural area and
is usually an uninhabited land with no vegetation
near the agricultural areas. It is an area where the
gradients of the field are gradually occurring and
have different slopes suitable for the study. As can be
seen in Fig. 2, which shows slope transitions, sharp
transitions are not seen much in the region.

Located to the Karapinar district, the area is
given in Fig. 2 (green-hatched region) is
approximately 40 hectares and the area around 2.55
km. The field measurements and the environmental
account are shown in Fig. 2 with Google earth pro
software.

2.3.Structure from Motion (SfM)

This recent photogrammetric technique
produces points to match by identifying keypoints
such as edge-to-corner points through high-
resolution RGB photographs. It also determines the
routes of the same points by producing these points
in the following photos. In this way, it calculates the
base size (detects movement). By combining this
information, it produces a model in matched points.
If images captured by a camera can be scaled, it is
sufficient to detect motion to obtain a fixed object
model (Micheletti, Natan, et. Al.,, 2015, Govender, N.,
2009).

SfM requires point correlation between images.
Marked points (keypoints) are selected from each
image. For this, an algorithm such as the Kanade-
Lucas-Tomasi (KLT) algorithm can be used (14). If
the photo-acquisition centers are close to each other,
this algorithm provides a high success.
Unfortunately, when the photographing centers'
distance increases there will be the possibility for
problems. In this case, feature matching algorithms
(SIFT, SURF, ORB, etc.) are used (Makineci, H. B., et
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al,, 2020). The basic principle of these algorithms is
that they solve the epipolar geometry of the
photographic axes where the camera is located. Any
point in a photograph is associated with an epipolar
line in the other camera and the scale (base distance)
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is determined. In all related photographs, conjugate
points are identified and combined and a sequence is
formed between the images. In this way, the motion
of the images is determined.

i

Figure 2. Working Area (Karapinar District and Study Area “green-hatched region”) and Slope of Study Area

2.4.3D Model Creation

Firstly, = photos  acquired based on
photogrammetric basics (include with frontal
overlap and side overlap) are import to the software
(Pix4D). The following operations are done step by
step automatically with the software.

¢ Photos merged, Key Points generated from
each photo during this process (as described in SfM),
Key Points produced in each photo matched with the
related photos (tie point), and as a result, Sparse
Cloud created.

e The points are densified and created "Dense
Cloud" (the software performs the interpolation
automatically).

¢ The surface is producing from Dense Cloud
with triangulation (Mesh Model).

¢ Color values can be assigned and details to be
clarified. The pictures are texturing to the surface
model obtained from the dense cloud.

e In order to obtain a detailed texture, to obtain
more accurate visualization, the surfaces are divided
into pieces named tiled model (grid-grid network).
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e Producing a regular grid piece (containing
elevation data) representing a terrain (known as
DEM).

e To determine transversal sections and
longitudinal sections, to calculate volume-area
calculations, contour lines produced.

¢ Orthomosaic produced that combines the
entire photos.

e In addition to all these, if there are also Ground
Control Points (GCP), it can be added to increase the
accuracy of the model and to determine the accurate
scale and coordinate transformations.

After the 3D model produced, the export can
provide in different data formats. Intensive Point
Data is exported as a point cloud and prepared for
comparison with the points generated from the land.
It can also export in DEM and Orthomosaic raster
format. Users proceed to the accuracy analysis
section through different alternatives. It is also
possible to produce models with different
operations based on these steps.

Three-sigma Rule
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In the statistics, rule 68 - 95 - 99.7 (also called
the empirical rule) is an estimation method used to
determine the percentage of the values of the
standard deviation widths between one and three
that are within the normal distribution. According to
the ranges, 68%, 95%, and 99% are one, two, and
three standard deviations of the mean, sequentially
(Gaikwad, L. M,, et al.,, 2016). Notably, the normal
distribution is shown in Fig 3 with the mean of the p
distribution and the standard deviation o.
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Figure 3. Three-sigma Rule

The Normal Distribution Analysis used to
determine the coherence of the values and to
eliminate the unpredictable measures called rough
error. In general, an evaluation is made according to
the number of data collected in scientific studies. If
there are a large number of data, the values in the
99.7% confidence interval are analyzed by deducting
the mean of 1 sigma (standard deviation) from the
mean before evaluating. However, in the case of
relatively few data, a 95% confidence interval (2
sigmas from the mean) is generally preferred in
scientific research.

The standard deviation is a type of measure
used to determine the variation, distribution, or
trend of the group of values (Ahn,, S, and ], A. F,,
2003), as can be seen from Eq. (1); Standard
Deviation is expressed by StD. ZR shows the
elevation of the point from the reference data, and
ZDEM shows the elevation of the point from the
model.

Std=V(3_(i=1) *n# [((Z_Ri-Z_DEM;) )] ~2/(n-1)) 1)

The standard deviation and mean are the two
most important values to determine the confidence
interval. When performing the normal distribution
analysis, a calculation is made for the 95%
confidence interval, as in the Eq. (2). X stands for one
value; o means the mean value, and o is the standard
deviation.

a) M- osX_i 2p+ 0 =0.683
b) p- 20<X_izp+ 20 =0.955
¢) p-30sX_i 2pu+30 =0.997 (2)
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2.5. Collecting Ground Truth Data

Photographs taken by UAVs were combined in
software to produce DEM. A reference surface must
use to investigate the accuracy of the produced
model. Several field studies conducted to determine
the surface of the ground (reference surface). The
geoid roles as the fitting reference surface for height
systems in the world-affirming orthometric heights.
The production conditions of GCPs determined by
following the " Photogrammetric Ground Works
“section of the large scale map and map information
production in Turkey. These GCPs fixed in square or
circle format with a diameter of 3xGSD or an edge on
the photo. Different colors of outer circles can create,
and three or four arms of appropriate length can be
marked to make the signs better visible. GCPs can be
white or in contrasting colors with their

surroundings. The sample GCP marked in the ground
is shown in Fig. 4.

Figure 4. Sample of GCPs

Ground truth measurements (to produce a
reference ground surface) were made by connecting
the GNSS receiver to the Real Time Kinematic (RTK)
method. A network of points of approximately 10 m
intervals formed in the ground. More than thousand
points measured, and the reference surface obtained
— all points used for accuracy analysis for DEMs
produced by UAV photographs. Thinking the
atmospheric conditions, terrain types, and natural
living conditions, making a positive effect on the
flight plan. Timepieces, where atmospheric
conditions were most appropriate, were determined
as the flight hours when the sun rays did not fall
perpendicular. Besides, many parameters such as
wind, pressure, temperature, humidity, the location
of GNSS satellites determined. A survey conducted
on the hawk bird species in which habitat found in
the region. All parameters were determined to be the
most important day, time, and region determined by
planning the flight.

Similar preferences were made for flight
planning with fixed-wing UAV and with rotary-wing
UAV to examine similar features of points. The
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following chart (table 2) shows the average duration
of the flights, the number of photographs taken, the
Ground Sample Distance (GSD), and the total

Table 2. Flight plans and flight properties

distance at which the UAV flies. In the same chart,
flight planning features included.

Rotary Wing UAV
. . Area m"2 Frontal Side Camera Flight Photo Perimeter th'jt
Type Date Flight Time (mxm) | Overlap (%) Overlap | Look Angle Height (m) Count (m) Duration
(%) () (Adet) (min)
DJI Phantom 4 Pro 6.8.2018 12:22:29 515 x 560 70 63 90 100 337 5142 13:10
DJI Phantom 4 Pro | 6.8.2018 12:49:23 515 x 560 80 72 90 100 604 6263 22:39
DJI Phantom 4 Pro 7.8.2018 10:02:57 515 x 560 80 72 90 120 416 5151 16:09
DJI Phantom 4 Pro | 6.8.2018 14:28:40 515 x 560 70 63 90 80 568 6254 20:53
DJI Phantom 4 Pro | 6.8.2018 17:21:48 515 x 560 70 63 90 90 268 6900 16:12
Fixed Wing UAV
Area m"2 Frontal Side Camera Flight Photo Perimeter Flight
Type Date Flight Time (mxm) | Overlap (%) Overlap | Look Angle Height (m) Count (m) Duration
(%) () (Adet) (min)
Sense Fly Ebee RTK+ | 7.8.2018 11:52:00 510 x 560 80 65 90 120 176 15200 18:00
Sense Fly Ebee RTK+ | 8.8.2018 11:32:00 510 x 560 80 65 90 170 134 16500 18:00

2.6. Findings of Accuracy Assessment Analysis

As aresult of the studies, a total of seven models
DEM produced. In Fig. 5, all the models are shown
together. Besides, the slope map produced to classify
the points shown in Fig. 5. The points that acquired
in the area found on

DEMs and the coordinates matched. Accuracy
analyses performed by comparing the Z values of the
points whose coordinates match in the area with the
Z values determined from the DEM.

Figure 7 shows all of the ground truth points. In
Fig. 6, ground truth points classified by slope classes.
Each slope class has been evaluated separately for
the evaluation of ground truth points by the slope.

All control-points obtained from the terrain
matched with the elevation value corresponding to
their horizontal coordinates (X - Y) and the
differences calculated. The ground truth points on
the generated models shown in Fig. 6. Also, ground
points are classified according to the slope where
they match (on the slope map), and these classes are
shown in Fig. 6.

Accuracy assessments made for all points in the
models (except for some points). The results of the

accuracy assessment give in Table 3. The accuracy
estimation for the models was determined by
obtaining standard deviations from all points
(including sharp points). The minimum and the
maximum difference of each model are shown in the
table. The average of the differences also infers in
Table 3.

The evaluations included in Table 3 also contain
the points that are analyzed to have rough errors.
The accuracy analysis obtained by discarding the
rough errored points from the accuracy assessment
is given in Table 4.

In addition, Root Mean Square Error (RMSE)
analysis was added to the study to make it more
statistically significant. Since it is a frequently
preferred method in DEM studies in the literature,
RMSE: was calculated and interpreted in the results.
In order to recognize the relationship between the
points, the slope of the points is shown in Fig. 5. The
accuracy analysis of the points classified according
to the slopes produced from this figure also has to be
performed. Table 5 shows the number of points,
standard deviations, mean values, minimum and
maximum values.
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Figure 5. All DEMs Produced from Different Flight Plans and Slope Map Generated from DEMs
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Table 3. Accuracy Assessment for All Points in The DEMs (including rough errored points)

Flight Type Standart Mean  Max. Min. Points (Piece) RMSE, (m)
Deviation (m) (m) (m)
(m)
80 m Flight Height (AGL) Rotary Wing 1.18 1.2 11.3 -4.9 1188 1.57
UAV (%70 frontal overlap)
90 m Flight Height (AGL) Rotary Wing 1.25 1.2 12.1 -5.0 1360 1.69
UAV (%70 frontal overlap)
100 m Flight Height (AGL) Rotary Wing 1.19 1.2 123 -52 1319 1.66
UAYV (%70 frontal overlap)
100 m Flight Height (AGL) Rotary Wing 1.2 1.3 121 -5.0 1595 1.49
UAYV (%80 frontal overlap)
120 m Flight Height (AGL) Rotary Wing 1.21 1.4 120  -75 1801 1.60
UAYV (%80 frontal overlap)
120 m Flight Height (AGL) Fixed Wing 1.32 1.3 131 -7.6 1677 1.76
UAYV (%80 frontal overlap)
170 m Flight Height (AGL) Fixed Wing 1.67 1.6 12.0 -13.4 1025 2.01

UAYV (%80 frontal overlap)
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Table 4. Accuracy Assessment for All Points in The DEMs (contains 95% Confidence Intervals)

Flight Type Standart Mean Max. Min. Points (Piece) RMSE, (m)
Deviation (m) (m) (m)
(m)

80 m Flight Height (AGL) Rotary Wing UAV 0.78 1.2 6.5 -1.9 1052 1.04
(%70 frontal overlap)

90 m Flight Height (AGL) Rotary Wing UAV 1.02 1.2 6.6 -2.0 1212 1.16
(%70 frontal overlap)

100 m Flight Height (AGL) Rotary Wing UAV 0.96 1.2 6.5 -2.0 1177 1.11
(%70 frontal overlap)

100 m Flight Height (AGL) Rotary Wing UAV 0.98 1.3 6.7 -2.1 1431 1.11
(%80 frontal overlap)

120 m Flight Height (AGL) Rotary Wing UAV 1.0 1.4 6.1 2.1 1561 1.12
(%80 frontal overlap)

120 m Flight Height (AGL) Fixed Wing UAV 1.11 1.3 6.9 2.6 1434 1.29
(%80 frontal overlap)

170 m Flight Height (AGL) Fixed Wing UAV 1.23 1.6 7.5 3.2 1741 1.52
(%80 frontal overlap)

Table 5. Accuracy Assessment of Classified Points in Slope Map
Slope Type (°) Standart Deviation (m) Mean(m)  Max. (m) Min. (m) Points (Piece) RMSE, (m)
.81 1.1 10.1 -2.1 131 1.
0-10 0.8 8 0 319 05
1.79 1.86 10.9 -7.6 1449 2.24
10.01 - 30
2.8 3.05 10.1 -2.1 322 4.72
>30
3. RESULTS 1.02 m and RMSE; determined as 1.69 m after the

To explain what has been done in practice of
research section and make it remarkable, results-
oriented explanations made in this section. It was
written as a necessary part to relate results and
objectives in the study and to reveal the findings. The
results generally divided by terrain slope classes and
confidence intervals. All classes illuminated step by
step, and all explained separately.

A model that is 70% overlapping with a rotary-
wing UAV from a height of 80 m (above ground) was
produced. When the ground control points acquired
from the land assessed with this DEM, the standard
deviation determined as 1.18 m and RMSE,
determined as 1.57 m. After the incoherent points
eliminated from the model, which did not match the
normal distribution curve (95% confidence
interval). The standard deviation found 0.78 m and
RMSE; determined as 1.04 m after the elimination of
rough error points.

Second model that is 70% overlapping with a
rotary-wing UAV from a height of 90 m (above
ground) was produced. When the ground control
points acquired from the land assessed with this
DEM, the standard deviation determined as 1.18 m
and RMSE: determined as 1.69m. After the
incoherent points eliminated from the model, which
did not match the normal distribution curve (95%
confidence interval). The standard deviation found
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elimination of rough error points.

The model produced from a flight height of 100
m (70% overlapped), with a rotary-winged UAV and
337 photos. The standard deviation determined as
1.19 m and RMSE: determined as 1.66 m. The rough
errors identified and incoherent measurements
eliminated from the model. The standard deviation
found to be 0.96 m and RMSE; determined as 1.11 m
in the accuracy assessment.

Another model produced from a flight height of
100m, with a rotary-winged UAV and an 80%
overlapped 337 photos. The standard deviation was
determined as 1.20 m when compared to DEM and
the ground truth data. The so-called coarse error was
determined, and incoherent points removed from
the model. Then, the standard deviation found 0.98
m and RMSE; determined as 1.11 m.

From the height of 120m with an 80% overlap,
another model produced with 416 photographs,
with the rotary-winged UAV. The standard deviation
determined as 1.21 m and RMSEz determined as 1.60
m. The rough errored points were determined and
removed from the analysis. The standard deviation
found 1.0 m and RMSE; determined as 1.12 m after
the removal of rough errors. At the same flight
height, another model produced with 604 photos (an
80% overlapped) obtained from the fixed-winged
UAV. The standard deviation determined as 1.32 m
and RMSE: determined as 1.76 m. The rough errors
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identified and the incoherent points eliminated from
the model. The standard deviation determined as
1.11 m and RMSE; determined as 1.29 m in this
accuracy assessment.

Lastly, 170 m height (from the ground), a DEM
produced with fixed-wing UAV, 80% overlapped 134
photos. The standard deviation determined as 1.67
m and RMSE: determined as 1.76 m. Incoherent
points excluded from the system, which did not
match the 95% confidence interval. The standard
deviation found to be 1.23 m and RMSE; determined
as 1.52 m.

According to slopes, the study area divided into
three classes. One thousand three hundred nineteen
points detected in the flat areas (0 - 10° slope) — the
standard deviation value determined as 0.81 m and
RMSE.; determined as 1.05 m in flat areas. One
thousand four hundred forty-nine points evaluated
in the middle slope zone (10.01 - 30° slope), and as a
result, 1.79 m standard deviation detected, and
RMSE; determined as 2.24 m. Finally, three hundred
twenty-two points determined in high slope areas
(slope higher 30°). The standard deviation of 322
points found 2.8 m and RMSE: determined as 4.72 m.

4. DISCUSSION

As recognized from the charts, the coherence of
the models with each other is powerful. The GCPs
used in the creation steps of the models measured
with GNSS (RTK) with tremendous accuracy. GCPs
arranged for each DEM and coordinate
transformations fitted with the corresponding
points. Therefore, it is achievable to have
confidential results for all models.

Thus, it achieved the difference between around
20 cm (for elevation line), analyzing the flight height
of 80 m (with rotary-wing UAV), and the flight height
of 120 m (with rotary-wing UAV). Since it is observed
that the flight height does not have a significant
effect, itis commented that it is not undesirable to fly
high in projects that do not require very high result
accuracy. As a general idea, it was determined that
the photos taken with a high overlap rate and the
flights made from low altitudes do not have a high
impact on model accuracy.

The accuracy mentioned for UAVs in general
literature is higher. However, the final product
accuracy may have been affected because the
research was carried out in an area where the terrain
structure is not very proper for producing 3D
models. Also, because UAVs are the mechanisms that
are densely affected by wind, high-intensity wind
may cause the expected accuracy to be not achieved.

In this study, the effect of flight height, overlap
rate, and UAV type on the model investigated, and
significant results gained. It has presented to the
literature as an essential reference for future studies.
Results and findings were discussed and concluded
as an article for researchers.
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Appendix
GCP Point List
POINT ID X (M) Y (M) ELEVATION -Z- (M)

GCP100 540854,542 4183107,795 1143,539
GCP101 540853,665 4183221,507 1131,689
GCP102 541014,765 4183191,321 1144,026
GCP103 541038,158 4183080,744 1175,361
GCP104 540991,314 4183076,072 1181,547
GCP105 541033,735 4183346,319 1120,467
GCP106 540856,488 4183389,589 1117,526
GCP107 540690,984 4183028,012 1126,198
GCP108 540680,933 4183190,195 1117,285

68

Turkish Journal of Remote Sensing



Turkish Journal of Remote Sensing - 2020; 2(2); 58-69

|

. Sample Flight Plan of 90 m Height Rotary-winged UAV &

L

™ Phantom 4 Pro
: 0 Phantom 4 Pro...
O 0%
: e
.,
’ ] “ 0
e & A
B Speed: 0.0 m/s
SN S A14:0.0/90.0m
N/A m away

£

666 x 614 m
21min:14s

< Settings

Normal Advanced

: le of th
““'j :(n;geo the camera o . o

Front overlap ®

80% 20% . s

I
przzz2
I

Side overlap ®

80% 20% ‘ 8%
s

L)
pz7Z
L |

w Drone speed
- Fast Slow . Fast

Sample Flight Plan of 120 m Height Fixed-winged UAV

mw-w -ef@l i 9 aa @Ble 2
FEK o

o

sope > My dlock 1

189 ha, 6,19 ki
1199 AR

e Motfications _Aions _ §
‘Start, Home and '  Ares
A =TS
x| My block #1: Longtuéingl
@vicieg might oot be achinable J7.TTTIR000 N, 33.4629062° L, 1130 mVAMSL, Improved SKTM |

© Author(s) 2021,
BY SA This work is distributed under https://creativecommons.org/licenses/by-sa/4.0/

69 Turkish Journal of Remote Sensing


https://creativecommons.org/licenses/by-sa/4.0/

Tiirkiye Uzaktan Algilama Dergisi - 2020; 2(2); 70-76

Turkish Journal of Remote Sensing

Tarklye
Uzaktan Algiiama
Dorglsi

Tiirkiye Uzaktan Algilama Dergisi

https://dergipark.org.tr/tr/pub/tuzal m
ISSN 2687-4997

Uzaktan Algilama Teknikler ile Aksehir Gélii’'ndeki Alansal Degisiminin izlenmesi

Elif Biisra (;A(N}LAYAN1 , Furkan EREL1®Y, Emre Batuhan SAMUR!Y, Metin DENiZ1, Mohammad Asef
MOBARIZ1, Gordana KAPLANZ*

1 Eskisehir Teknik Universitesi, Uzaktan Algilama ve Cografi Bilgi Sistemleri ABD Eskisehir, Tiirkiye
2*Eskisehir Teknik Universitesi, Yer ve Uzay Bilimleri Enstitiisti, Eskisehir, Tiirkiye

Anahtar Kelimeler
Uzaktan Algilama
Derin Ogrenme
Kuraklik

NDWI

0z

Su alanlarinin haritalanmasi ve izlenmesi i¢in son yillarda, uzaktan algilama ve derin
o0grenme yontemleri ve teknikleri, basarili bir sekilde kullanilmaktadir. Bu ¢calismada
Aksehir Goli'niin uzun yillik doénemde seviyesinde ve alaninda meydana gelen
degisimler cografi bilgi sistemleri ve uzaktan algillama verileri ve teknikleri ile
incelenmistir. Bu ¢alismada Landsat goriintiileri kullanilmistir. Gol yar1 kurak iklimin
etkileri altinda bulunmaktadir. G6lin su miktarinin artisin1 yagislar, dereler, kar
erimeleri ve yer alt1 sular1 saglar, azalisini ise yeralti suyu ¢ekimleri, derelerin sulamada
ve icme suyu olarak degerlendirilmesi, buharlagsma ve sulamada yararlanma olusturur.
Analiz asamasinda, Normallestirilmis Fark Su indeksi (NDWI), Normallestirilmis Fark
Bitki Ortiisii indeksi (NDVI) indeksleri ve derin 6grenme yoéntemleri kullanilarak
kuraklik tespit edilmistir. 1985'ten, 2020'ye kadar, elde edilen sonuglar, Aksehir
Goli’'nilin su siniriin ve su kiitlesinin 6nemli bir derecede azaldigini gostermistir. NDWI
kullanilarak yapilan analizler sonucunda; 1985 yilinda géliin sinir1 366.6 km? iken, 2020
yilinda goéliin sinir1 36.9 km? olarak tespit edilmistir. Sonugclara gore, derin 6grenme bant
oranlama tekniklerine basarili bir alternatif olarak degerlendirilebilir. Bu ¢alisma su
alanlarindaki alansan degisimleri uzaktan algilama veriler ve teknikleriyle yiiksek
dogrulukla belirlenebileceginin énemli bir 6rnegidir.

Monitoring Aksehir Lake's Area Changes Using Remote Sensing Techniques

Keywords:

Remote sensing
Deep Learning
Drought monitoring
NDWI

ABSTRACT

In recent years, remote sensing and deep learning methods and techniques have been
successfully used for mapping and monitoring water area changes. In this study, the
changes occurring in the level and area of the Aksehir Lake in the long-term period were
examined by geographic information systems and remote sensing techniques. In this
study, we used Landsat imagery. The lake is under the effects of a semi-arid climate. The
increase in the amount of water of the lake is provided by precipitation, streams, snow
melting and groundwater, and its decrease is groundwater draft, utilization of streams
as irrigation and drinking water, and utilization in evaporation and irrigation. During the
analysis phase, drought was determined using indices such as Normalized Difference
Water Index (NDWI), Normalized Difference Vegetation Index (NDVI) and deep learning
techniques. The results obtained from 1985 to 2020 showed that the water limit and
water body of Aksehir Lake decreased significantly. As a result of the analyzes made
using the NDWI; While the border of the lake was 366.6 km? in 1985, the border of the
lake was determined as 36.9 km?2 in 2020. This study is an important example that
monitoring changes in water areas can be determined with high accuracy using remote
sensing data and techniques.
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1. GiRis

Su, ekolojik ve toplumsal aktivitelerin ayrilmaz
bir parcasi ve yasamin kaynagidir. Yeryiiziindeki
degerli dogal kaynaklarin basinda gelen su diinyada
ve Tirkiye’de yogun bicimde kullanilmaktadir.
Ozellikle yari-kurak iklime sahip, yillik yagisin belirli
mevsimlerde gergeklestigi Tiirkiye gibi tilkelerde
surdirtlebilir su kaynaklar: yonetimi giin gectikce
daha da onem kazanmaktadir. Su, yeryiiziiniin en
zengin ve en Uretken ekosistemlerinden biridir
(Kaplan vd., 2020).

Cagimizin hizla gelisen uydu teknolojisi, artan
yersel ve tayfsal ayrim giicii ile yerylizii dogal
kaynaklar1 hakkinda yerbilimcilerine, arazi kullanim
planlamacilarina dogrulugu ¢ok ytiksek, gercekei ve
glncel veriler sunmaktadir. Uydu teknolojisinin,
1970’li yillardan itibaren yeryiiziiniin her boélgesini
belirli zaman araliklarinda gézlemleyebilme 6zelligi,
yeryiiziinde olan degisiklikleri bir bicimde ortaya
¢ikarmaktadir. Bu baglamda, uzaktan algilama
teknikleri ile yerylzii dogal kaynaklarinda olan
zamansal degisimler en kisa zaman diliminde ve
gercege yakin bir sekilde belirlenebilmektedir. Bu
nedenle kiy1 alanlarinin periyodik olarak izlenmesi
ve degisimlerin analiz edilmesi gerekmektedir (Catal
ve Dengiz, 2015).

Su kaynaklarin izleme; planlama,
sturdiiriilebilir kalkinma ve degisim analizleri
acisindan biliyiik 6nem tasimaktadir. Uzaktan
algilama ve cografi bilgi sistemleri (CBS) agisindan
dogru ve giincel veri elde edinmek i¢in ¢cok dnemli bir
parametredir. Uzaktan algilama ile ¢alisan bilim
insanlarina veri kaynagi olarak en 6nemli katki
Landsat programidir. Landsat programi, uzaktan
algilamanin bir bilim dali olarak biiyiime ve kabul
edilmesi icin énemli bir katki olmustur (Sabins Jr,
1987). Landsat uydu gorintiileri; tarim, haritacilik,
jeoloji, ormancilik, bolgesel planlama, egitim ve daha
bir¢cok kiiresel degisim arastirma ve uygulama igin
onemli bir kaynaktir. Landsat  verileri
“EarthExplorer” web sitesinden iicretsiz olarak
indirilebilmektedir. Uzaktan algilamada kullanilan
matematiksel bir¢ok spektral endeksler (McFeeters,
1996; Pettorelli vd., 2005) Landsat uydu goriintiileri
kullanarak elde edilmis ve farkli alanlarda
kullanilmaktadir. Su alanlarinin degisim analizinde
kullanilan Normallestirilmis Fark Su Indeksi (NDWI)
kuraklik izlenmesi i¢in kullanilabilecek bir endekstir.
Su kuraklik izleme i¢in kullanilan diger endekslerin
yani sira (Omute vd., 2012) NDWI kayip su
alanlariin hesaplanmasi icin de
kullanilabilmektedir. Ayrica son yillarda uzaktan
algilama calismalarinda derin 6grenme de 6nemli
yer almaktadir. Bir¢ok ¢alismalarda derin 6grenme
teknikler ile kiy1 ¢izgisi, su kenar1 ve su alanlar
¢ikarmaya yonelik ¢alismalar yapilmistir (Acharya
vd., 2019; Erdem vd., 2018).

Meydana gelen iklim degisikliklerinin neden
oldugu kuraklik sorunu, su kaynaklarinin etkin
yonetiminin saglanmasini zorunlu hale getirmistir.
Bu etkin kullanimin gerceklesmesi i¢in, bilgilerin
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klasik yontemlerden ziyade hizli, ekonomik ve
yuksek dogrulukta su yonetim planlama ve
politikalarina aktarilmas1 gerekmektedir. Farkl
kullanimlarin etkisine ve ani degisimlere a¢ik olan su
kaynaklarinin da, degisim izleme c¢alismalarinda
kullanilmasi, hizli ve dogru plan kararlarinin
alinmasinda 6nemli rol oynamaktadir (Efe ve Demir,
2007; Emanuel, 2018; Kaplan ve Avdan, 2017; Wang
vd., 2019).

Bu calismada Aksehir Goli'ndeki zamana bagili
degisikliler incelenmistir. Bu amacgla, NDWI ve
Normallestirilmis fark bitki ortiisii endeksi (NDVI)
endeksleri kullanilmistir. Ek olarak derin 6grenme
teknikleri de degerlendirilmistir. Kiy1 ¢ikarimi ve su
alani tespiti uzaktan algilamanin temel ugras alanlari
arasinda yer almaktadir. Kural bazli algoritmalar ile
birgok  ¢6zim  mevcuttur.  Bunlar  belirli
kombinasyonlarin hesaplanmasi ile ve sabit esik
degerlerine gore siniflama yapmaktadirlar. Bazi
durumlarda istenmeyen sonuglar
tiretebilmektedirler. Ornegin NDWI hesaplamasinda
bazen bulutlu alanlarin golgeleri de sulu alan olarak
deger vermektedir. Giincel calismalar derin 6grenme
algoritmalarinin siniflama, nesne ¢ikarimi yapma
konusunda kural bazli algoritmalara uygun bir
alternatif ¢6ziim olduklarini gdstermektedir.

Bu baglamda Aksehir Goli tizerinde NDWI ve
Derin o6grenme sonug¢larimi karsilastirilacak bir
calisma amaglanmistir. Calisma kapsaminda farkh
bant kombinasyonlar1 ile su ylizey alani tespiti
yapilmas: hedeflenmistir.  Bu c¢alisma; Aksehir
Goli'ndeki su seviyesinin ekonomik ve hizli tespit
edilmesi, su kaynaklarinin etkin yonetilmesine katki
saglayacaktir. Bu c¢alismada; Tirkiye'nin Orta
Anadolu boélgesinde yer alan Aksehir Goli'ni
izlemek icin 1994 - 2020 yillarina ait Landsat uydu
goriintiiler analiz edilmistir.

2. YONTEM
2.1. Calisma alam

Bu calismada Aksehir Gol'i. ve cevresi
incelenmistir. Aksehir Go6ll, ilkemizde Sultan
Daglari ile Emir Dag1 arasindaki ¢okiintii alaninda
yer alan, Aksehir fl¢e’sine 10,2 km uzaklikta bulunan
ve yaz aylarinda sicak ve kurak, kis aylarinda ise
soguk ve yagish iklimin goriildiigii karasal iklimin
egemen oldugu, Konya ve Afyonkarahisar il sinirlari
icerisinde yer alan ve kiiresel 1sinmanin etkilerine
bagh olarak kuraklik derecesinin de etkili oldugu
Tiirkiye’'nin besinci biiyiik golii konumundadir. idari
olarak Konya ve Afyonkarahisar illeri simirlar
icerisinde yer almaktadir. Kapali bir havzada
bulundugundan disariya akintis1 yoktur. Aksehir
goliiniin 6zellikleri Tablo-1’de verilmistir (Elmaci ve
Obali, 1998).
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Tablo 1. Aksehir Golii Ozellikleri

AKSEHIR GOLU

KONUM ic Anadolu Bblgesi,

Tiirkiye
KOORDINAT 37°47'0"K, 31°33'0"D
UZUNLUK 39 km
GENISLIK 20 km
YUZOLCUMU 353 km2
ORTALAMA DERINLIK 171m
EN DERIN NOKTASI 8m
YUZEY RAKIMI 954

2.2. Veri

Aksehir goliniiniin 1984 yilindan gliniimiize
kadar olan fiziksel degisiminin incelenmesi icin
tamamen Landsat uydu goriintilerinden
yararlanimis olup gerekli veriler Earth Explorer
(https://earthexplorer.usgs.gov/) sitesinden Level-
2 olarak temin edilmistir.

Calismada kullanilan goériintiler, mevsimsel
degisimlerden etkilenmemek i¢in bulutsuz ve agik
bir ay olan Agustos ayindan sec¢ilmistir. Calisma alani
1681.5 km? olarak belirlenmistir. Ek olarak
mevsimsel degisim analizi icin 1987 ve 2019 yillar1
icin bahar ve sonbahar gorintiileri de incelenmistir.
Kullanilan goriintiiler Tablo 2’de verilmistir.

Tablo 2. Calismada kullanilan uydu gorintiileri

Sensor Tarih Bulutluluk Path/Row
Orani
Landsat 5 13.05.1984 10.00 178/33
Landsat 5 04.10.1984 2.00 178/33
Landsat 5 07.12.1984 0.00 178/33
Landsat 5 20.08.1985 0.00 178/33
Landsat 5 02.08.1990 0.00 178/33
Landsat 5 13.08.2000 1.00 178/33
Landsat 5 23.07.2004 0.00 178/33
Landsat 5 22.08.2009 0.00 178/33
Landsat 8 20.08.2014 5.74 178/33
Landsat 8 14.05.2019 8.04 178/33
Landsat 8 02.08.2019 0.64 178/33
Landsat 8 06.11.2019 0.09 178/33
2.3. Yontem

Bu ¢alismanin ana amaci Aksehir Goli'ndeki
zamansal degisimi tespit etmektir. Su alani
hesaplamak icin literatiirde sik kullanilan spektral
indeks olan, NDWI kullanilmigtir. NDWI indeksini
hesaplamak i¢in Landsat'in yesil bant ve yakin
kizilotesi band kullanilmistir. Formiili asagida
verilmistir. NDWI degerlerine ii¢ sinir verilmistir;
sifirdan kiiciik degerler su olmayan alanlar olarak
siiflandirilmis, 0 - 0,2 arasindaki degerler sig1 su
alanlar olarak belirlenmis, 0,2’den biiytik degerle ise
su alanlar olarak simiflandirilmistir (Kaplan vd.,
2019).

Yesil — YKO
NDWI = ————
Yesil + YKO
Ayrica, goliin etrafindaki alansal degisimler icin
NDVI  kullanlmistir. NDVI  formiili asagida
verilmistir.

YKO — Kirmuz

NDV] = —————
YKO + Kirmuzi

NDVI  degerleri dort farkhh  smirlarla
siiflandirilmistir. Sifirdan kiiciik degerler ciplak
arazi, 0 - 0,2 ciplak tarim alan, 0,2 - 0,5 yesil alanlar
ve 0,5’ten biiyiikk yogun yesil alanlar (Avdan ve
Jovanovska, 2016).

2.4. Derin Ogrenme

Derin 6grenme, makine 6grenmesi siniflarindan
bir tanesidir. Temel olarak, verinin temsilinden
dgrenmeye dayanmaktadir. Ust diizeydeki 6zellikler,
alt diizeydekilerden tiiretilerek hiyerarsik bir temsil
olusturulmakta ve bu temsil; soyutlamanin farkl
diizeylerine Kkarsilik olan birden ¢ok temsil
seviyesini 6grenmektedir (Song ve Lee, 2013).

CNN (Convolutional Neural Network) ise nesne
cikarimi icin Ozellesmis olan derin 6grenme
algoritmasidir. Goriintiileri daha kiigiik pargalari
béliip bu pargalar lizerinde 6zel filtreler uygulayarak
nesnelerin hatlarini belirginlestirmeyi
amaclamaktadir. U-net bir CNN algoritmasidir. Genel
CNN yapisina ilaveten goriintiileri kiigiiltiip
filtreledikten sonra biiylik resmi tekrar bir araya
getirir (Sekil 2) (Krizhevsky ve Hinton, 2012).

Veri hazirlama asamasinda eos.com download
api kullanilarak veri temini saglanmistir. Toplamda
2013-2020 tarihleri arasinda 86 adet uydu
gorilintiisii indirilmistir. Rastgele secilen 76 tane
goriintii ag1 egitmek icin, kalan 10 tanesi de test icin
kullanilmistir.

NDWI hesaplamasi sonucunda 3 smif igin
anlamli degerler iretilmektedir. -1 ile 0 arasi kara,
0.01 ile 0.2 aras1 s1g su ve 0.21 ile 1 arasi da derin
suyu temsil eder. Sonraki adimda veri ¢ogaltma
islemi yapilmistir. 86  goriintiiniin  yetersiz
olmasindan dolay1 egitim sirasinda orijinal goriintii
lizerinde bozma islemi uygulanarak her seferinde
farkli goriintiiler elde edilmistir. Sekil 3’te gorinti
bozma 6rnegi gosterilmistir.

Image input
Toetzn
ey
Segmentation
output

2
39348

8 o *
—— E—

Sekil 2. U-net mod-el yapisi (Nguyen vd., 2017).
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Gériintii

Kara mask

Sekil 3. Veri Cogaltma Ornegi
3. SONUCLAR

3.1. NDVI Analizleri

Sekil 4’te 1984 yilina ait mevsimsel NDVI
degisimleri gosterilmis. NDVI degerleri dort farkh
sinirlarla simiflandirilmistir. Sifirdan kiiciik degerler
¢iplak arazi, 0 - 0,2 ¢iplak tarim alan, 0,2 - 0,5 yesil
alanlar ve 0,5’ten biiyiik yogun yesil alanlar. Ayni
siniflar yillara bagh degisim icin de kullanilmistir.
Sonuglar Sekil 5'te gosterilmistir.

v A
- —
8

0 Ciplak Arazi 0,2 —0.,5 YesilAlan O =
—0.2 ¢plak Tanm [ > 0.5

Sekil 4. 1984 mevsimsel NDVI analizleri: A)
Maysis; B) Ekim; C) Aralik; D) Agustos

Lejant: E 0

Yogun Yesil Alan

73

%\‘\"wf S

S

P | B Ciplak Arazi [T

I,L‘];‘lﬂfi: 0(—0.1 (,‘:Jlak Tarum [

Sekil 5. Yillara bagili NDVI analizleri: A) Agustos

1990; B) Agustos 2000; C) Agustos 2009; D) Agustos
2019.

T

0.2-0.5 YesilAlan O~ 4

0.5 Yogun Yesil Alan

3.2. NDWI Analizleri

Sekil 6’da 1984 yilina ait mevsimsel NDWI
degisimleri gosterilmis. NDWI degerleri t¢ farkl
sinirlarla siiflandirilmistir. Sifirdan kiiciik degerler
su olmayan alanlar olarak siniflandirilmis, 0 - 0,2
arasindaki degerler sig1 su alanlar olarak
belirlenmis, 0,2’den biiylik degerle ise su alanlar
olarak simniflandirilmistir. Aynm siiflar yillara bagil
degisimi i¢in de kullanilmistir. Sonuglar Sekil 7’de
gosterilmistir.

A)

QO

Lcjam:% 0-02

Sekil 6. 1984 mevsimsel NDWI analizleri: A)
Mayis; B) Ekim; C) Aralik; D) Agustos

> 0,2
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L

e 171
0 4 8

4]
].qnnt:D 0-02 = 0.2

Sekil 7. Yillara bagili NDWI analizleri: A) Agustos
1990; B) Agustos 2000; C) Agustos 2009; D) Agustos
20109.

3.3. Derin Ogrenme Sonuglari

Egitim sonucunda beklenen kara sinifi%96
oraninda dogru tespit edilmistir. 25 dongi
yapilmasina ragmen 5. dongii sonunda zirveye yakin
sonuglar elde edilmistir (Sekil 8).

A INNAAS

7
N/

> Elgitim —
est

Score

0 5 10 15 20 25
Epoch

Sekil 8. Derin Ogrenme Sonug Grafigi

Kara ya da su olmayan yerleri siniflandirma
%96,03 gostermistir. Buna karsilikalgoritmanin si1g
ve derin su smiflarinin ayriminda zorlandig:
goriilmistiir. S1g ve derin su siniflarinin ayrimindaki
elde edilen sonuglarda %60 basar1 orani
gecilememistir.

Kiy1 ¢izgisi ¢ikarimi yapmak icin NDWI hesabi
yerine derin 6grenme basarili bir alternatif olarak
degerlendirilebilir. U-Net algoritmasi sinirli veri (86
adet goriintii) ve donanim (i5 8400 ve 16GB ram ) ile
basarili sonuglar tiretmistir.

Farkli bantlar kombine edilerek ve giicli
donanimli bilgisayarlarda daha yiliksek oranh
sonuclar elde edilebilir.
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Band Gorlintasa

Band Gorlntasa
TR

Beklenen Goruntusa

Derin Ogrenme Tahmini Derin Ogrenme Tahmini

. Kara
Lclant:- su
Sekil 9. Yukaridan asag1 bant goriintiisii, beklenen
goriintii ve derin 6grenme tahmini

4. Tartisma

Aksehir Golu tlkemizin goller yoresi olarak
bilinen Sultandaglari’nin kuzeyinde yer alan
tektonik olusumlu bir go6ldir. Goliin bir gidegeni
olmadig1 i¢in sular1 tuzludur. Goélin en 6nemli
besleyenleri konumundaki akarsularin debilerinde
uzun yulikk dénemde azalma dikkati ¢ekmistir.
Bununla birlikte sulamali tarim alanlarinin
genislemesi ile artan su kullanimi goéliin biit¢esini
olumsuz yonde etkilemistir.

Calismada 1984, 1990, 2000, 2004, 2009, 2014,

2019,2020 yillarina ait uydu gorintileri
kullanilarak, Aksehir Golii'niin su ve tarim alaninda
meydana gelen degisikliklerin  belirlenmesi
hedeflenmisgtir.

NDVI analizi 1984 ve 2020 yillar1 arasini
kapsamakta olup 1985 yilindan 2014 yilina kadar
tarim alaninin ¢alisma alani i¢cinde %14 civarinda
yer kapladig1 tespit edilmis, 2019 yilinda tarim
alaninin %19,3 seviyesine geldigi tespit edilmistir.

Bu calismada gol alanimmin en genis oldugu
doénem 1985 yil1 295 km? oldugu goriiliirken en dar
oldugu dénemin 2019 y1l1 57 kmZ2 alana sahip oldugu
tespit edilmistir. NDWI sonucunda su alaninin
1985’ten itibaren her bes senede %3 azaldig tespit
edilmistir. 2009 yilina kadar g6l alaninda %3
oraninda diistis gorilirken 2009 yilinda 97,4 km?
olan gol alani 2014 yili itibari ile 146 km2 ye
ylkselerek 48,6 km?2 artis gostermistir. 2014’e kadar
kiiresel 1sinmaya, yagis azligina ve buharlasmaya
bagh su kaybi daha az miktarda goriiliirken 2014
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yilinin Agustos ayinda %8,7 olan su alaninin 2019
yil1 Agustos ayinda %3,4’e diistiigi tespit edilmistir.
2014, 2019 wyillan arasindaki goldeki su alanin
azalmasindaki diger bir etkenin tarim alanlarindaki
%5 oranindaki artis miktar1 oldugu tespit edilmistir.
Tarimda sulama c¢alismalar i¢in kullanilan kacak
kuyularin agilmasi bu yillar arasinda etkisini daha
¢ok gostermistir. Yaklasik 35 yil icerisinde Aksehir
golii cevresindeki yerlesim merkezlerindeki niifus
artisi ve sanayi, fabrika bolgelerinin kurulmasi
goldeki su miktarinin azalmasinda énemli bir etken
olarak gosterilebilir. NDVI ve NDWI'dan elde edilen
sonuglar Sekil 10’da karsilastirilmistir.

350
300
250
200
~

v}
150

100

Tanum alanu

S0 — S alanu

0
1985 1990 2000 2004 2009 2014 2019

Sekil 10. Tarim ve su alani tarihsel degisimi

Aksehir Goli'ndeki bu hizli alan kaybinin
onlenebilmesi  mimkiin  olmamakla  birlikte
yavaslamas1 anlaminda bazi 6nlemlerin alinmasi
gerekmektedir. Cunki yagisin azalmasi,
buharlagmanin ve sicakligin artmasi dogal beslenim
dengesinin bozulmasinda 6nemli rol oynamaktadir.
Sadece iklim elemanlarindaki bu degisiklikler géliin
seviye ve alan kayiplarin1 agiklamak icin yeterli
degildir. Bu nedenle beseri miidahalelerin 6nemi
daha da artmaktadir.

Bolgede salma yapilmakta ve yiizeye birakilan
suyun bir kismi topraga sizmakta énemli bir kismi
ise buharlasmaktadir. Bu nedenle tarimda damlama
sulama yontemine gecis yapilmasi dnerilmektedir.

1992 yilindan itibaren kontrol altina alinan ve o
glinden bu yana ¢esitli calismalar ve ilgili bakanliklar
tarafindan desteklenen Aksehir golii 1 Kasim 2018
tarihli Cumhurbaskanligi Kararnamesi ile kesin
korunacak hassas alan olarak ilan edilerek ilgede
faaliyete baslayan Atik Su Aritma Tesisinden aritilan
suyun verilmesiyle beslenmeye baslandi. Bu
kararnameye destek ile gelecek yillar adina Aksehir
goliiniin eski giinlerine ulasabilmesi icin Atik Su
Aritma tesislerin sayisinin artirilmasi, kurulan
tesislerin  gelisen  teknolojiler ile  birlikte
yenilenmesini ve kagak su kuyularinin agilmasinin
engellenmesini 6nemli oldugunu diisiinmekteyiz.
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Landsat uydu goriintiileri kullanilarak Mogan Golii’'niin su yiizeyi ve arazi ortii
degisiminin belirlenmesi

Hilal Oz¢alk*1”, Ahmet Tarik Torun'’, Siilleyman Sefa Bilgilioglu!

Aksaray Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi, Aksaray, Tiirkiye

Anahtar Kelimeler 0z

Uzaktan Algilama Uydu teknolojilerinin gelismesi ile Uzaktan Algilama (UA) kullanicis1 her gecen giin
Mogan Goli artmaktadir. UA arazi ortiisii ve kullaniminin tespit edilmesi, su kaynaklar1 y6netimi,
Su Yiizey Alani Degisimi degisim analizi vb. olmak tizere bir¢ok kullanim alanina sahiptir. UA teknikleriyle elde
Arazi Ortii Degisimi edilen veriler, 6zellikle arazi ortiisii kullaniminin zamansal degisiminin belirlenmesinde

yaygin olarak kullanilmaktadir. Arazi ortii degisiminin kullaniminda, o alanin zamanla
bagka arazi kullanimi ve Dbitki ortiisii smiflarina  doéniisiip ddnlismedigi
gozlemlenmektedir. Su kaynaklarinin izlenmesi, korunmasi ve optimum kullanim
kosullarinin degerlendirilmesi ¢alismalarinda uzaktan algilama teknolojilerinden de
yararlanilmaktadir. Bu teknolojiler, su kaynaklar ile ilgili arastirmalarda karar verme
ve yonetim konularinda 6nemli altlik olusturmaktadir. Ayrica, su kaynaklarindaki
zamansal degisimlerin belirlenmesi ve gerekli oénlemlerin alinmasi asamasinda da
uzaktan algilama ¢ok 6nemli avantajlar saglamaktadir. Bu calismada da Ankara’ya 20 km
uzaklikta bulunan Goélbasi ilgesinde yer alan Mogan Goli ve cevresinin Landsat uydu
gorlntileri kullanilarak su ylizeyi ve arazi Ortlisiiniin degisim analizi belirlenmistir.
Calisma alanina ait 1998-2010 yillar1 arasi {i¢ periyot olacak sekilde Landsat TM5 uydu
gorintileri ve 2019 yilina ait Landsat 8 OLI_TIRS uydu goriintiisii kullanilmistir. Metot
olarak kontrolsiiz ve kontrolld siniflandirma (en ¢ok benzerlik) yontemleri kullanilarak
su ylzey alanlari, yapay yiizeyler, tarim alanlari, ormanlik ve dogal alanlar olmak iizere
4 adet sinif belirlenmistir. Bolgeye ait alansal degisim incelenmis ve yillara gore
degisimler birbiriyle karsilastirilmistir.

Determination of the water surface and land cover change of lake Mogan using landsat
satellite imagery

Keywords ABSTRACT

Remote Sensing With the development of satellite technologies, the number of Remote Sensing (RS) users
Mogan Lake is increasing every day. RS has many uses area such as land cover/use detection, water
Water Surface Area Change resources management, change analysis, etc. The data obtained with UA techniques are
Land Cover Change widely used especially in determining the temporal change of land cover/use. In the use

of land cover change, it is observed whether that area has been transformed into other
land use and vegetation classes over time. Remote sensing technologies are also used in
the monitoring, protection and evaluation of optimum usage conditions of water
resources. These technologies form an important basis for decision making and
management in research related to water resources. In addition, remote sensing
provides very important advantages in determining time changes in water resources and
taking necessary measures. In this study, to determine the water surface and land change
analysis by using Landsat satellite images of Mogan Lake and its surroundings in Gélbasi
district, which is 20 km away from Ankara. Landsat TM5 satellite images and Landsat 8
OLI_TIRS satellite images for 2019 were used in three periods between 1998 and 2010.
By using unsupervised and supervised classification (maximum likelihood) methods,
four classes, wetlands, artificial surfaces, agricultural areas, forestry and natural areas,
were determined. The spatial change of the region is examined and the changes are
compared with each other.
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1. GiRis

Sulak alanlar, yeryiliziiniin en zengin ve en
tretken ekosistemlerini olusturmaktadir. Bu alanlar
yoOre insanlarina ve iilkenin geneline genis yelpazede
hizmet veren olduk¢a karmasik dogal sistemlerdir ve

yerylziindeki baska hicbir ekosistemle
karsilastirilmayacak ol¢lide islev ve degerlere
sahiptir. Bir¢cok sulak alan sistemi insan

topluluklarinin hayatta kalmalar1 ve gelismeleri icin
kritik 6neme sahip olmuslardir (Ridd and Liu,
1998). Sulak alanlar ayni zamanda yeralt1 sularinm
besleyerek veya bosaltarak, taban suyunu
dengeleyerek, sel sularim1 depolayarak, taskinlari
kontrol ederek, kiyillarda deniz suyunun girisini
onleyerek bulunduklar1 bélgenin su rejimini
diizenler. Bulunduklari ydérede nem oranini
yukselterek, basta yagis ve sicaklik olmak iizere
yerel iklim elemanlar: iizerinde de olumlu etki
yaparlar (Yagmur, 2018).

Ramsar Sozlesmesi kriterlerine gore Tiirkiye'de
200’e yakin alan, uluslararasi 6neme sahip sulak alan
olarak tespit edilmistir.  Ancak  So6zlesme
kapsaminda sadece 14 adet sulak alan
bulunmaktadir. Bunlar; Manyas Kus Golii, Akyatan
Lagiinii, Gediz Deltasi, Goksu Deltasi, Kizilirmak
Deltasi, Kizéren Obrugu, Burdur Goli, Kuyucuk Goli,
Seyfe Goli, Nemrut Kalderasi, Uluabat Goli, Meke
Golu, Sultan Sazhigl ve Yumurtalik Lagiiniidiir (URL-
1). Ulkemizdeki sulak alanlarin uluslararasi diizeyde
Onem tasimasinin asil nedeni; Bati Palearktik
Bolgedeki kus go¢ yollarindan en 6nemli ikisinin
Tiirkiye tizerinden gegmesidir.

Mogan-Eymir Golleri ve sulak alanlar1 kuslar
tarafindan barinma, iireme, konaklama amach
kullanilan ve iilkemizde Ramsar’a aday gosterilen
onemli kus alanlarindandir. Bolgede 83 farkli kus
tiri tespit edilmistir. Ayrica; 3 tane iki yasaml
tiird, 25 tane memeli, 12 tane siiriingen, 13 tane
balik ve 493 tane bitki tiirii bolgede yasamakta olup
bitki tiirlerinden 47 tanesi endemiktir. Tiirkiye'nin
taraf oldugu Bern So6zlesmesi Annex II'de (Kesinlikle
Korunmas1 Gerekli Tiirler Listesi) yer alan
alacabalike¢il (Ardeola ralloides) ve kii¢iik balaban
(Ixobrychus  minutus),  dikkuyruk  (Oxyura
leucocephala) ve kii¢iik kerkenez (Falco naumanni)
bu alanda korunmasi gereken mutlak tiirlerdir.
Alanda ireyen ve nesli tehlike altinda olan kus
tirleri arasinda alacabalik¢il (Ardeola ralloides),
balaban (Botaurus stellaris), kiiciik balaban
(Ixobrychus minutus), macar 6rdegi (Netta rufina),
elmabas patka (Aythya ferina), pasbas patka (Aythya
nyroca) ve dikkuyruk (Oxyura leucocephala) yer alir.
Alandaki nesli tehlike altinda olan diger bir tiir ise
kiicik kerkenezdir (Falco naumanni). Boélgeyi
karakterize eden bitki tiirleri olarak, Crataegus
dikmensis (Dikmen alic1), Rannunculus isthmicus
(Dugiin  ¢icegi), Papaver rhoeas (Gelincik)
Amygdalus orientalis (Badem), Xeranthemum
annuum (Olmez otu) ve Centaurea tchitatcheffii
(Yanardéner veya peygamber cicegi) sayilabilir.
Bunlardan Centaurea tchitatcheffii (Yanardoner
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veya peygamber c¢icegi) sinirhl bir alanda yayilis
gostermekte olup bu alanlarin mutlak koruma zonu
olarak korunmasi geregi ortaya ¢cikmaktadir.
Ankara metropoliiniin ortalama 20 km.
giineyinde, Golbasi ilcesi sinirlarinda yer alan ve bu
nedenle yogun bir kentsel-endiistriyel kirlilik baskisi
altinda bulunan Mogan-Eymir Golleri ile yakin
cevresinde bulunan sulak alanlar, ekolojik ve
rekreasyonel 6nemleri nedeniyle, Cevre Kanununun
9. maddesine dayanilarak 22.10.1990 tarih ve
90/1117 sayili Bakanlar Kurulu Karari ile “Golbasi
Ozel Cevre Koruma Bélgesi (OKCB)” olarak tespit ve
ilan edilmistir (T.C. Cevre ve Sehircilik Bakanhgi
[CSB], 1990). Ulkemiz acisindan olduk¢a éneme
sahip olan Mogan golii ve ¢evresindeki alanlarin
takibi korunmasi agisindan olduke¢a 6nemlidir.

Ulkemizde ve diinyada sulak alanlarin
izlenmesi, degisimlerinin belirlemesi ve bu
alanlardaki arazi kullanim durumlarinin

gosterilmesinde uzaktan algillama teknolojisi etkin
bir sekilde kullanilmaktadir (Sun vd. 2012; Rokni vd.
2014; Musaoglu vd., 2018; Mutlu vd., 2020; Torun ve
Glindiiz, 2020).

Uzaktan algilama, cisimlerle direkt olarak temas
etmeksizin, cisimlerin fiziksel 6zellikleri hakkinda
bilgi elde etme bilimi olarak tanimlanmaktadir
(Colkesen, 2009). Uzaktan algilama, yerytiziinden
yansiyan elektromanyetik enerjinin,
elektromanyetik spektrumun belirli bdlgelerinde
algilama yapan sensorler araciligi ile kaydedilmesi
esasina dayanmaktadir (Torun, 2015). Uzaktan
algilama biliminde en o6nemli gorinti isleme
tekniklerinden biri smiflandirma islemidir. Cok
banth goriintii siniflandirmasi, uzaktan algilama
goriintiilerinden tematik bilgi elde etmek icin en ¢ok
kullanilan yontemlerden biridir. Gorlinti
siniflandirmasi, arazi ortiisii tirleri (6rnegin; su,
tarim, orman, bitki ortiisii vb.) spektral yansima
degerlerinin, bir spektral desen tanimlama teorisi ile
analiz edilerek goriintiiniin benzer spektral siniflara
ayrilmasidir. Diger bir deyisle, siniflandirma islemi;
bir goriintiiyli olusturan piksellerin niteliklerini
belirlemektedir (Tirker, 1999). Smiflandirmada
amag, uydu goriintilerindeki her pikseli spektral
ozelliklerine gore farkli gruplara ayirmak ve pikseli
yansitma degerlerine gore yeryliziinde Kkarsilik
geldigi kiimeye atamaktir. Kisaca; alan1 kapsayan
siniflar ve konulara gore biitiin pikselleri
ayristirmaktadir (Kavzoglu ve Colkesen, 2010).

Bu calismada, Landsat 5 ve Landsat 8 uydu
goriintileri kullanilarak 1998-2019 yillar arasinda
Mogan Goéliinde meydana gelen su ylizeyi ve arazi
ortiisi  degisimleri  izlenmistir. Bu  amag
dogrultusunda elde edilen goriintiler siniflandirma
islemlerine tabii tutularak arazi ortiisii haritalan
elde edilmistir. Farkli yillardan elde edilen bu veriler
degisim analizleri ile degerlendirilerek, belirtilen
yillar arasinda meydana gelen degisim giin yiiziine
cikarilmistir.
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2.CALISMA ALANI

Mogan- Eymir Goélleri ve sulak alanlar: kuslar
tarafindan barmmma, iireme, konaklama amach
kullanilan ve tlilkemizde Ramsar’a aday gosterilen
onemli kus alanlarindan birisidir (T.C. Cevre ve
Sehircilik Bakanligi, 1990). Golbasi, Ankara
sinirlar1 icinde yaklasik 20 km. giineyde Ankara -
Konya karayolu ve Ankara ¢evre yolu ile baglanmis,
erisilebilirligi kolay bir yerlesim birimidir. Mogan
Golu Havzasi su kaynaklar, ylizey sekilleri, yer ve
toprak yapisy, iklim 6zellikleri, biyolojik zenginlikleri
ile sucul ve karasal ekosistemlerin kompleks bir
biitiin olusturdugu hassas bir ekolojik sistemdir.
Havzada temel ekonomik faaliyet tarim olmakla
birlikte Mogan Golii ve ¢cevresi rekreasyon ve turizm
alani olarak kullanilmaktadir. Mogan Golii civarinda
yerlesim yogunlugu giderek artmaktadir.
Endiistriyel faaliyetler de Goélbas1 ilge merkezi
civarinda yogunlagmistir.

Golbas1 Ozel Cevre Koruma Bélgesi 274 km?
alana sahiptir. Bolge icerisinde 10 adet koy
bulunmaktadir. Bu kdylerin dogrudan veya dolayl
olarak gol ile sosyal ve ekonomik iliskileri vardir.
Goliin bulundugu vadi, Imrahor Vadisi ve Elmadag
Vadiler Sistemi, su ortami ile birlikte, hava koridoru
olma ozellikleri nedeni ile iklim stabilizasyonu
acisindan  Ankara kenti igin biyik O6nem
tasimaktadir (Aydogus, 1998; Ugur, 2009).

Mogan golii, sig ylksekligi olan dogal bir
aliivyon baraj géludiir ve en derin noktasinda 969 m
ve 972.5 ila 973.5 m arasinda degisen bir su ylizeyi
yliksekligine sahiptir ve maksimum su derinligi 4,5
m dir. Toplam su yiizeyi yaklasik 6 km?lik bir alani
kaplamakla birlikte ekosistem, ¢evre sulak alanlar
dahil, yaklasik 20 km?'lik bir alani kaplamaktadir.
Yatay havza ekosistem alam1 925.4 km2'dir.
Kuzeyden gole akan ana akarsuyun yaninda, dogu-
bati yonlerinden de go6le wuzanan akarsular
bulunmaktadir. Bélgede yillik ortalama yagis miktari
375 mm ve yillik ortalama buharlasma 1.476 mm'dir.
Yagislarin ¢ogu kis aylarinda yagmur ve kar seklinde
yagar. Yillik ortalama sicaklik 11.7 °C’dir (Ozesmi,
1996).

Acgik golalan1 ve bunu cevreleyen sazlik, 1slak
cayir, kuru tarimsal alan, koruluk ve yapay agaglik
alanlardan olusur. Kokli su bitkilerinin bulundugu
g6l besin agisindan oldukg¢a zengindir. Gol kiyilari tas
ve kum zeminlidir. Genisligi 100 metreyi bulan sazlik
alanlarda kiigiik g6l aynalar1 bulunur (URL-2). Su
kalitesini koruyan sualti bitkileri ve hayvansal
planktonlar bakimindan c¢ok zengindir (Beklioglu,
2000). Sekil 1'de ¢alisma alaninin konumu harita
iizerinde gosterilmistir.

3.KULLANILAN VERILER

Calismada uydu goriintiileri kullanilarak Mogan
Goli su yiizeyi alan1 ve cevresinde bulunan arazi
ortisit kullanimi degisimi gozlemlenmistir. Bu
baglamda Landsat 5 TM ve Landsat 8 OLI-TIRS
sensorlerinden elde edilen wuydu goriintileri
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kullanilmistir. 1972 yilindan beri aktif olarak farkli
algilayicilar ile uydu goriintileri lireten Landsat
sistemi, wuzun doénemli arazi degisimlerinin
izlenmesinde 6nemli avantajlara sahiptir (Gilci vd.,
2019).

Sekil 1.Mogan Go6li’'niin konumu

1998-2010 yillarina ait Landsat 5 TM ve 2019
yilina ait Landsat 8 OLI-TIRS verileri ¢alismanin ana
goriintli  verileri olarak kullanilmistir.  Uydu
goriintileri USGS (United States Geological Survey)
tarafindan licretsiz olarak temin edilebilmektedir.

Goruntiiler  segilirken  farklh  yillardaki
gorintiilerin miimkiin oldugunca ayni aylarda
secilmesine dikkat edilmistir. Bunun nedeni ise ayni
ayda hava kosullarinin yaklasik ayni olmasidir.
Cogunlukla bulutluluk oraninin az oldugu yaz aylari
tercih edilmistir. Ciinkii bulut ve atmosferdeki

nemlilik orani goriintii kalitesini dogrudan
etkilemektedir. Ayrica, gorintii isleme adimlan
ERDAS Imagine yazilimi kullanilarak

gerceklestirilmistir. Tablo 1'de, kullanilan uydu
goriintiileri ve teknik 6zellikleri verilmistir.

Tablo 1. Kullanilan uydu goriintiileri ve teknik
ozellikleri

Sensor GOrinti Yoriinge/satir Konumsal
Cekim (Path/row) Coziinirlik
Tarihi (m)

n 16.07.1998 177/32 30

= 24.07.2001 177/32 30

3 30.06.2004 177/32 30

& 25.07.2007 177/32 30

- 17.07.2010 177/32 30

[ee]

[%2]

=

L= 10.07.2019 177/32 30

o -

© =

—_ O
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Calismada  smiflandirma  dogruluklarinin
belirlenmesi adina Google Earth goriintiilerinden
faydalanilmistir. Diinya {zerindeki uydulardan
stirekli ve diizenli olarak yiiksek ¢6ziiniirliiklii veri
temin edebilen bu sistem, arazi ortasi
degisimlerindeki farkliliklarin ortaya ¢cikarilmasinda
kullanicilara biiytik kolayliklar saglamaktadir.

4. YONTEM
4.1. Goriintii On isleme Adimlar

USGS’in internet adresi
(http://earthexplorer.usgs.gov/) lizerinden elde
edilen gorintiler kullanicilara ham veri halinde
sunulmaktadir. Bu c¢alismada geometrik olarak
diizeltilmis seviyede goriintiiler kullanilmistir. Elde
edilen veriler, sensdriin algiladig1 her bir bant igin
ayr1 ayr1 depolanmaktadir. Cok renkli goriintii
olusturmak amaciyla indirilen goriintiiniin bant
birlestirme islemleri yapilmistir. Bu c¢alismanin
amaci dogrultusunda Kirmizi-Yesil-Mavi ve Yakin
Kizil6tesi bantlar (Landsat 5 igin TM1-TM2-TM3-
TM4, Landsat 8 icin Bant 2-Band 3- Band 4-Bant 5)
birlestirilerek c¢ok renkli bir goriinti olusmasi
saglanmistir.

Calismada kullanilan uydu goriintiileri tarama
genisligi bakimindan oldukga biiyiik bir ¢erceveye
sahiptir. Uzaktan algilanmis bu tiir verilerde tiim
gorintii Gizerinde calismak zaman, performans ve is
glicii bakimindan kayiplara neden olabilmektedir.
Calismada istenilen boélgenin goriintii verisinden
kesilip ¢ikarilmak sureti ile ¢alisilmasi, hem yazilim
performansini daha verimli kullanmay1 saglayacak
hem de goriintl isleme esnasinda harcanan zaman
kaybinin oniine gececektir. Uydu gorintiileri
tizerinden Mogan Golii ve cevresini kapsayacak
yaklasik 50 km?Zlik bir alan kesilerek, sonraki
calismalar kesilmis goriintii tizerinden yapilmistir.

4.2. Goriintii Siniflandirma

Gorinti siniflandirma, goriintiiyl olusturan her
bir pikselin spektral degerlerinin goriintiideki diger
piksellerle Kkarsilastirilarak benzer piksellerin
belirlenen smiflara veya belirtilen simif sayisina
ayrilmasi islemi olarak tanimlanabilir (Campbell,
1996). Smiflandirma isleminde asil amag,
yeryliziinde benzer spektral 6zellige sahip verilerin
ayn1 grup altinda toplanmasi ve ayirt edilebilirligin
artirlmasidir (Torun vd., 2017).

Goriinti lizerinde ortaya ¢ikarilacak arazi
siniflar1 kullanici tarafindan belirlenebilecegi gibi,
rastgele, sadece smif sayist Dbelirlenerek de
yapilabilir (Lillesand vd. 2007). Smiflandirma
islemlerinde, smif siirlarina kullanici miidahalesi
olmadan gerceklestirilen siniflandirmalar
kontrolsiiz siniflandirma olarak adlandirilirken, sinif
sinirlarinin bir egitim seti ile belirlenerek yapildig:
siniflandirmalar ise kontrollii siniflandirma olarak
adlandirilmaktadir.

Kontrolsiiz siniflandirma isleminde kullanici,
kiime ve iterasyon sayisi belirler. Kiime merkezleri
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gecici olarak hesaplanir ve pikseller uygun siniflara
yerlestirilir. Bu tir simniflandirma islemlerinde
piksellerin atanacagi smniflar belirli algoritmalar
araciligi ile (ISODATA, K-Means vb.) smif sayisina
gore belirlendikten sonra, goriintii iizerindeki tiim
pikseller siniflandirilana kadar bir doéngii icerisinde
devam eder.

Kontrollu siniflandirmada, kullanici tarafindan
belirlenen egitim verileri araciligi ile belirli sinif
sayisinda bir siniflandirma islemi gegceklesmektedir.
(Lillesand vd., 2007). Belirlenen spektral sinif
araliklarinda olan tiim nesneler ayni grupta toplanir.
Bu siniflandirma tekniginde 6nemli olan nokta,
kullanicinin ~ kendi  tecriibeleri veya  arazi
gozlemlerine dayali bilgilerinin egitim verisi olarak
kullanilmasi ve diger tiim piksellerin bu bilgilere
dayali olarak smiflandirilmasidir.  Kontrollii
siniflandirma  isleminde birgok simiflandirma
algoritmas1 (En c¢ok benzerlik, en kisa mesafe,
mahalonobis uzakligl, paralelkenar yontemi, yapay
sinir aglar1 vb.) kullanilmaktadir. En ¢ok benzerlik
yontemi literatiirde en sik kullanilan kontrolli
siniflandirma algoritmasidir (Strahler, 1980, Ayhan
vd., 2003; Torun, 2015). Bu yontem, siniflar icin es
olasilik egrilerinin tanimlanmasina ve
siniflandirilacak piksellerin iiyelik olasiligi en yiiksek
olan sinifa atanmasi ilkesine dayanir. En ¢ok
benzerlik siniflandirma yo6nteminin etkinligi, her
spektral sinif i¢in ortalama vektor ile kovaryans
matrisin dogru bicimde tahmin edilmesine bagh
olmaktadir (Orug vd., 2007).

4.3 Dogruluk Analizi

Dogruluk analizi, egitim verisi olarak kullanilan
veriler haricinde, tiretilen verinin istatistiksel olarak
dogrulugunun kontrol edilmesi amaci ile, arazi
ortiisi hakkinda kesin bilgiler veren veya arazi
gozlemlerine dayali test verilerinin karsilastirilmasi
islemi olarak tamimlanmaktadir (Foody, 2002).

Dogruluk analizlerinde temel olarak egitim
verileri ile simiflandirilmis bir gorlintiideki test
verilerinin dogru smiflandirilip siniflandirilmadigi
kontrol edilir ve bu karsilastirmaya gore bir hata
matrisi olusturulur. Bu matris her bir sinifin ne kadar
dogru smiflandirildigr hakkinda bilgi verirken ayni
zamanda birbirlerine karisan pikseller hakkinda da
sonuglar verir.

4.3. Degisim Belirleme

Uzaktan algilamada ¢ok zamanh wuydu
verilerinin kullanilmasindaki ana amaglardan biri
degisim belirleme ¢alismalaridir. Farkli zamanlarda
algilanan goriintiiler araciligl ile degisim belirleme
calismalar1 yapilabilmektedir. Bu, ¢alisilan alan ile
ilgili gegmisten giliniimiize bilgi vermenin yaninda
gelecek planlamalarinda da etkili bir rol

oynamaktadir. Bu baglamda gorintii isleme
adimlarindan gegirilip, bilgi ¢ikarimi1 yapilan
goriintiiller  birbirleri ile zamansal olarak

karsilastirilarak zaman igerisinde alanda meydana
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gelen degisimler gozlemlenebilmektedir. Uzaktan
algilanmis goriintillerde bu islem, smiflandirilan
piksellerden elde edilen alan hesaplamalarinin
karsilastirilmasi ve bu degerlerin yorumlanmasi ile
yapilmaktadir.

5.BULGULAR

Calismada belirlenen alan i¢in kontrolli ve
kontrolsiiz siniflandirma islemleri
gerceklestirilmistir. Siniflandirma islemleri igin

kontrolsiiz siniflandirma islemlerinden elde edilen 4
adet smif kontrolli siniflandirma islemlerinde de
egitim verisi olarak kullanilmistir. Kullanilan arazi
ortiisii siniflary; su ylizey alani, yapay yiizeyler, tarim
alanlar1 ve ormanlik ve dogal alanlardir. Sekil 2 ve
Sekil 3’te kontrollii ve kontrolsiiz siniflandirma
islemleri sonucunda ortaya ¢ikan tematik haritalar
verilmistir.

[ Tarm Alanian

0051 2 3
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Sekil 2.Kontrollii siniflandirma sonug haritasi
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Siniflandirilma isleminin ardindan goriintiilerin
dogrulugu test edilmistir. Yapilan dogruluk analizi
ile elde edilen genel dogruluk degerleri ve kappa kat
sayllar1 Tablo 2'de gosterilmistir. Dogruluk
analizlerinin yapilmasinda referans veri olarak
yiksek  ¢ozinirlikli  Google Earth uydu
goriintiilerinden  yararlanmilmistir. Elde edilen
degerlerin kabul edilebilir sinirlar icerisinde oldugu
belirlenmis ve uygulamaya devam edilmesine karar
verilmistir.

Tablo 2.Dogruluk analizi sonuglari

Yillar Genel Dogruluk (%) Kappa Katsayisi
1998 85.00 0.6591
2001 75.00 0.6454
2004 80.00 0.7315
2007 85.00 0.7880
2010 85.00 0.7710
2019 83.00 0.7806

Dogruluk analizi isleminin ardindan, havzada
yllar icerisinde meydana gelen degisimin
belirlenmesi amaciyla simiflandirilmis goriintiler
karsilastirilmistir. Tablo 3 ve Tablo 4’te kontrollii ve
kontrolsiiz siniflandirma sonucunda elde edilen
arazi ortiisti degisimleri gosterilmistir.

Dogruluk analizi sonuglari incelendiginde genel
siniflandirma dogrulugu en diisiik %80 ile 2001
yilinda, en yiliksek %90 dogrulukla 2007 yilinda
gozlemlenmistir. Mogan Goli'nde en yliksek su
yluzey alani 989.01 ha ile 1998 yilinda tespit
edilmistir. En diisiik su yiizey alani ise 692.28 ha ile
2007 yilinda tespit edilmistir. Yapay yiizeyler arazi
ortiist simifinda ise en yiiksek 2009.43 ha ile 1998
yilina, en az 685.8 ha ile 2010 yilina ait oldugu tespit
edilmistir. Tarim alanlarina ait arazi ortiisii sinifinda
enyiiksek 2761.92 ile 1998 yilinda, en az 1216.98 ha
ile 2001 yilinda tespit edilmistir. Ormanlik ve dogal
alanlara ait arazi ortiisii smifi incelendiginde ise
2004 yilinda 575.37 ha gozlenen alan, 2019 yilinda
1126.44 ha olarak gozlemlenmistir. Sekil 4 ve Sekil
5te arazi Ortiisii smiflarinin  yillar arasindaki
degisiminin ha cinsinden grafikleri gosterilmistir.

Kontrolli siniflandirma islemine ait Sekil 4’teki
grafik incelendiginde su ylizey alaninin 2007 yilinda
en disiik seviyede oldugu goriilebilmektedir. Buna
karsilik 1998 ve 2019 yillan arasinda yiiksek ve
birbirine yakin bir seviyede oldugu anlasilmaktadir.

Kontrolsiiz siniflandirma islemine ait Sekil 5
incelendiginde 2010 yilinda su ytizey alam seviyesi
en yiiksek oranda iken 2007 yilinda en az oranda
oldugu goriilmektedir.

1998-2007 su yillar1 arasinda yapilan
gozlemlere goére Mogan Goli'ne yiizeysel olarak
giren (akim, yagis) sularin yaklasik %70’i Mart,
Nisan ve Mayis aylarinda saglanmaktadir. Haziran
ay1 basinda gol seviyesi maksimuma ulasmakta ve
gble giren sularin %90'm1 bu ay itibariyle
saglanmaktadir. 1998-2007 yillar1 arasinda yapilan
gozlemlere gore ortalama en yiliksek su kotlari
Haziran ay1 baslarinda 973.30 m. civarinda
gerceklesmistir. Haziran ay1 biyolojik aktivitenin en
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yogun oldugu dénemdir. Haziran sonlarina dogru
sicaklik artisina bagl buharlasma ile birlikte gole
giren sular azalmakta seviye Eyliil-Ekim-Kasim
aylarinda en alt kotlara inmektedir (972.00 m.).
Mogan ve Eymir golleri havzasinda son

kayiplar1  karsilayamadigindan su  seviyeleri
diismektedir. 1997 su yilindan itibaren yapilan
gozlemlere gore goliin seviyesi en kurak yil olan
2001 su yili seviyesinin altina diismiis durumdadir.

yillardaki kurakliklardan dolay1 beslenmeler
Tablo 3.Kontrollii siniflandirma sonuclarina ait alan ve % degisimi
Yillar Sulak Alanlar Yapay Yiizeyler | Tarim Alanlari Ormanlik ve Dogal Alanlar
1998 829,08 1145.67 2761.92 671.13
1998-2001 Alan Degigimi -25,11 -75.6 -1221.84 -199.17
1998-2001 % Degisim -3,03% -5.23% -44.24% -29.68%
2001 803,97 1370.07 1540.08 471.96
2001-2004 Alan Degisimi 65,07 -461.7 743.94 103.41
2001-2004 % Degisim 8,09% -33.70% 48.31% 21.91%
2004 869,04 908.37 2284.02 575.37
2004-2007 Alan Degisimi -98,55 48.26 -847.8 530.64
2004-2007 % Degisim -11,34% 5.29% -37.12% 92.23%
2007 770,49 956.43 1436.22 1106.01
2007-2010 Alan Degisimi 141,48 -270.63 839.97 -641.25
2007-2010 % Degisim 18,36% -28.30% 58.48% -57.98%
2010 911,97 685.8 2276.19 464.76
2010-2019 Alan Degisimi -78,57 28.35 6.66 114.3
2010-2019 % Degisim -8,62% 4.13% 0.29% 24.59%
2019 833,4 714.15 2282.85 579.06
1998-2019 Alan Degisimi 4,32 -332.55 -479.07 -92.07
1998-2019 % Degisim 0,52% -50.22% -17.35% -13.72%
1998 829,08 1145.67 2761.92 671.13
Tablo 4.Kontrolsiiz siniflandirma sonuglarina ait alan ve % degisimi
Yillar Sulak Alanlar Yapay Yizeyler Tarim Alanlari Ormanlik ve Dogal Alanlar
1998 989.01 2009.43 2087.37 621.99
1998-2001 Alan Degigimi -264.96 -765.63 -870.39 379.26
1998-2001 % Degisim -26.79% -38.10% -41.70% 60.98%
2001 724.05 1243.8 1216.98 1001.25
2001-2004 Alan Degisimi 131.13 -189.9 369.72 139.77
2001-2004 % Degisim 18.11% -15.27% 30.38% 13.96%
2004 855.18 1053.9 1586.7 1141.02
2004-2007 Alan Degisimi -162.9 150.66 -182.7 -172.71
2004-2007 % Degisim -19.05% 14.30% -11.51% -15.14%
2007 692.28 1204.56 1404 968.01
2007-2010 Alan Degisimi 231.75 16.65 -231.12 52.29
2007-2010 % Degisim 33.48% 1.38% -16.46% 5.40%
2010 924.03 1221.21 1172.88 1020.6
2010-2019 Alan Degisimi 39.78 -306.54 231.66 105.84
2010-2019 % Degisim 4.31% -25.10% 19.75% 10.37%
2019 963.81 914.67 1404.54 1126.44
1998-2019 Alan Degigimi -25.2 -1094.76 -682.83 504.45
1998-2019 % Degisim -2.55% -54.48% -32.71% 81.10%
1998 989.01 2009.43 2087.37 621.99
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Kontrolli Simiflandirma Yillara Gore Alan Degisimi

2001 2004
SULAK ALANLAR —

TARIM ALANLARI = ORMANLIK VE DOGAL ALANLAR

Sekil 4. Kontrolli siniflandirma sonucunda arazi
ortiisii siniflariin alansal dagilimi

Kontrolsiiz Simflandirma Yillara Gore Alan Degisimi

Sekil 5. Kontrolli sinmiflandirma sonucunda arazi
ortiisi siniflarinin alansal dagilimi

Mogan Goli 2001 su yilinda da beslenme
azligindan (kurakliktan) dolay:r dnceki yillardaki su
yonetimine bagh olarak 2002 su yilinin Ekim ve
Kasim aylarinda 972,00 m seviyesinin altina
inmistir. 2001 Kasim aymna 972,94 m. seviyeyle
baslayan gol yagislarin baslamasiyla birlikte seviye
artisina baslamistir. Bu artis ile birlikte Mogan goli
icin kritik seviye olan 972,50 m seviyesini Subat
ayinin ortalarinda asmistir.

2002-2003-2004 su yillar1 goliin su seviyesinin
kritik seviye tlzerinde kalmasi igin yeterli
beslenmeyi saglayabilmistir. 2005 su yilinin kurak
gecmesi 2006 su yilindaki beslenmeyle belli 6l¢iide
dengelenmisti. Ancak 2007 su yilinin da kurak
gecmesi ve 2008 su yilinda kurak olarak devam
etmesi goliin seviyesinin 972,00 m seviyesinin altina
dogru inmekte oldugu gercegini ortaya koymustur.
Gol 2001 su yii sonunda distigi 972.00 m
seviyesinin altina 2007 su yilinda tekrar diismiistir.
2008 su y1linda gol yagislarla birlikte ancak 20 cm’lik
bir art1 beslenme saglayabilmistir. Yaz mevsimiyle
birlikte buharlasma kayiplar1 sonucu gol seviyesi
tekrardan diismeye devam etmistir (Ugur, 2009).

6. SONUCLAR

Bu calismada Ankara'nin havza sistemi ve
kentin ekolojik siirdirilebilirligini destekleyen
onemli dogal alanlardan biri olan Mogan Golii'niin
zamana gore degisimleri incelenmistir. 1998, 2001,
2004, 2007, 2010 tarihli Landsat 5 TM ve 2019
tarihli Landsat 8 OLI-TIRS goriintiilerine kontrollii
ve kontrolsiiz siniflandirma islemleri yapilmis ve
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bolgeye ait meydana gelen degisimin biyiikligi
belirlenmistir. Kontrollii ve kontrolsiiz siniflandirma
isleminde farkli sonuglarin elde edilmesinin sebebi
ise kontrolsiiz siiflandirmada piksellerin kullanici
miidahalesi olmadan algoritmalar yardimi ile
otomatik  olarak  kiimelendirilmesi  temeline
dayanirken kontrollii siniflandirmada kullanici
mildahalesi olmasi nedeniyle sonuclarin farkl
cikmasina sebep olmaktadir.

Kontrolli smiflandirmada her bir goriinti
elemani (piksel), hesaplanan olasilik degerlerine
gore en cok benzer oldugu smifa atanmaktadir
(Ozkan, 2001). Burada da Maksimum benzerlik
algoritmasi ile kullanilarak olusturulan kontrolli
smiflandirilmis alanlarda siniflandirma sonucunda
tarim alanlar ile kentsel yesil alanlarin benzer
spektral 6zelliklere sahip olmasi nedeniyle karismis
oldugu goriilmektedir. Ayn1 durum, yol ile agik
alanlar sinifi i¢in de gegerlidir.

Mogan Goli'niin kapladigi alan her yil igin
farkliik gostermistir. Mogan Goli'nde en yiliksek
sulak alanlar 911.97 ha ile 2010 yilinda tespit
edilmistir. En diistiik sulak alanlar ise 770.49 ha ile
2007 yilinda tespit edilmistir.1998 yilindan 2001
yilina kadar olan siirecte gol alaninda yaklasik 3,03%
oraninda azalma gorilmistir. 2001 yilindan 2004
yilina kadar gol alaninda %8.09 oraninda bir artis,
2004 yilindan 2007 yilina kadar %11.34 oraninda
azalma, 2007 yilindan 2010 yilina kadar %18.36
oraninda artis, 2010 dan 2019 yilina kadar ise %8.62
oraninda bir azalma goriilmektedir. 1998 yilindan
2019 yilina kadar olan 21 yillik siirecte ise gol
alaninda %0.52 oraninda bir artis gorilmektedir.

Sonug olarak gol ve yakin ¢evresinin bulundugu
alanlarda boélgenin ekolojisi tizerindeki etkileri,
iklimine etkisi, bitki ortiistine etkisi, rekreasyon
faaliyetlerin ve planlanmasi gibi etkilerinin ortaya
konulmasinda uzaktan algilama faydali veriler
saglamaktadir.
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