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KENTSEL ACIK-YESIL ALANLARIN AFET SONRASI
ISLEVLERI

FUNCTIONS OF URBAN GREEN AREAS AFTER DISASTER
Sibel SARICAM!
(Received 08.02.2019 Published 28.02.2019)

OZET

Dogal veya beseri nedenlerle diinyanin farkli cografyalarinda farkli boyutlarda farkl afet
tipleriyle karsi karsiya kalinmaktadir. Son yillarda kiiresel iklim degisikligine bagli olarak
yasanan afet sayisinda da artis goriilmektedir. Ozellikle dogal afetlerin oniine gegmek
olanaksizdir. Ancak afetin zarar veren etkilerini en aza indirmek dogru bir 6ngoérii ile miimkiin
olabilir. Dogaya kars1 direnmek yerine dogayla uyum ic¢inde yasamay1 6grenme bilincine sahip
olmak saglikli 6ngoriiler yapabilmemizi olanakli kilar. Yasanilan cografyanin potansiyel afet
riskleri gbz Oniine alinarak yapilan planlama calismalar ile daha giivenli kentler olusturmak,
kent planlamanin 6nemli kriterlerinden biri olmak durumundadir. Bu baglamda kente ekolojik,
ekonomik ve sosyal faydalar saglayan acik-yesil alanlarin afet sonrasi toplanma, barinma, tahliye
ve saglik hizmetlerinin saglanmasi gibi fonksiyonlar1 goz oniinde bulundurularak ele alinmasi
oldukca 6nemlidir. Afet riski yiiksek yerlesim yerlerinde afet parklar1 olusturulmaktadir. Afet
oncesi rekreasyonel hizmet veren bu parklar afet sonrasi kent halkina farkl: bir boyutta hizmet
vermektedir. Bu calismada acik yesil alanlarin afet sonrasi fonksiyonlar1 goz oOniinde
bulundurularak nasil planlamas: gerektigi ele alinmis, diinyadan ornekler degerlendirilmis ve
acik alanlarin 6nemine vurgu yapilmistir.

Anahtar Kelimeler: agik yesil alan, afet parki, afet

1 Eskisehir Osmangazi Universitesi Ziraat Fakiiltesi Bahce Bitkileri Boliimii, ssaricam@ogu.edu.tr
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ABSTRACT

Different types and sizes of disasters are faced in different geographies of the world
because of natural or human reasons. In recent years, there has been an increase in the number of
disasters due to global climate change. Especially natural disasters are impossible to prevent.
However, minimizing the damaging effects of the disaster may be possible with an accurate
prediction. Rather than resisting nature, learning to live in harmony with nature enables us to
make healthy predictions. To create safe cities, potential disaster risk must be take into account
in geography where living. It has to be one of the important criteria of urban planning. In this
context, it is very important to consider the open-green areas that provide ecological, economic
and social benefits to the city by taking into consideration the functions such as gathering,
sheltering, evacuation and providing health services. Disaster parks have to create in places with
high disaster risk. These parks, which provide recreational services before the disaster, serve the
citizens in a different dimension after the disaster. In this study, it is discussed how open green
areas should be planned by considering the after disaster functions, examples from the world are
evaluated and the importance of open spaces has been emphasized.

Keywords: open green areas, diseaster park, diseaster
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1. GIRIS

Diinya dinamik bir gezegendir. Genis bir zaman diliminde veya bir anda yasanan
degisimler, bazen dogal siireclerin, bazen insan miidahalesinin, bazen de ikisinin
etkilesiminin bir sonucudur. Bu sonuglar, tizerinde barindirdii canlilarin yasam
miicadelesini zorlastirabilir veya yok edebilir. Afet olarak adlandirilan ve toplumun
olagan yasam diizenini bozarak, can ve mal kayiplarina neden olan, onun yanit verme
ve uyum saglama kapasitesini asarak, dis yardim gereksinimi doguran, ekolojik olaylar
(Akdur, 2000, s. 1) bir olayin kendisi degil; bazen beklenen bazen de aniden dogurdugu
bir sonuctur (Kadioglu, 2008, s. 2). Afet; sadece dogal olaylar igin degil, insan ve
teknolojik kaynakli her tiirlii olay icin de kullanilabilir. Afet tanim1 igin olayimn kapladig:
alan degil, etkisi ve mevcut kaynaklarin yeterli olup olmama durumu 6nemlidir (
Glingor, t.y., s. 7).

Afetler; depremler, tsunamiler, seller, volkanik patlamalar, kuraklik, ¢6llesme gibi
dogal sebeplerden olabildigi gibi; yanginlar, niikleer santral patlamalari, savaslar, baraj
¢okmeleri, kimyasal sizintilar, hatta kitlesel niifus hareketleri gibi insan kaynakh da
olabilir (Akdur, 2000, s. 1; The European Commission’s Science and Knowledge Service,
2018; Sena and Woldemichael, 2016, s. 8). Giintimiizde, II. Diinya Savasindan bu yana
catismadan kaynaklanan zorunlu gog en yiiksek seviyededir, dogal afetlerden kaynakl
felaketlerin sayis1 ve Olgegi ise giderek artmaktadir (International Federation of Red
Cross and Red Crescent Societies, 2016, s.11). Biiyiik depremlerin, sellerin, kurakliklarm,
siklonlarin ve volkanik patlamalarin yol acti1 zararlara iligkin goriintiiler ve haberler,
her sene basinda siklikla karsimiza ¢ikmaktadir. Son olarak Amerika'min dogu
kesimlerinde siddetli kar firtinas1 ve dondurucu soguklar nedeniyle yasam altiist
olurken diger yandan ayn giinlerde Avustralya 45 derecenin iistiine ¢ikan sicak hava
dalgas1 ve beraberinde getirdigi sikintilarla giindeme gelmistir. Afetlerin bugiin daha
bliytiik bir etkiye sahip olmasi halinde suglu Tabiat Ana degil, insan dogasidir (“Earth
Observatory”, t.y).

Bugiin 7,6 milyar olan diinya niifusunun, 2030 yilinda 8,6 milyara, 2050 yilinda 9,8
milyara ve 2100 yilinda 11,2 milyara ulasacagi beklenmektedir (“United Nations”, 2019).
Niifus artis1 ve bununla birlikte peyzajda olusan degisimler bazi afetleri daha da siddetli
hale getirebilir. Ornegin; agacli bir alan yerlesime acildiginda, siinger gibi emici olan
toprak gecirimsiz yiizeylere doniistiigiinde, siddetli yagmur sularinin sizacagi yer
olmayacaktir ve yagis sele doniisecektir (“Earth Observatory”, t.y).

Diinyadaki biiyiik sehirlerin yarisindan fazlasi, 2 ila 15 milyon arasinda niifusa
sahip olup, yliksek deprem riski bulunan bolgelerdedir. Hizli kentlesme, 6zellikle kiy1
bolgelerini dogal tehlikelere daha acik hale getirmektedir. 2000 yilindan bu yana, dogal
afetlerle ilgili 6ltimler 1.1 milyonu asmis; 2.7 milyardan fazla kisi etkilenmistir. Son 12
yilda afetler ytiiziinden 1.3 trilyon dolar kaybedilmistir (United Nations, 2012).

Bu nedenle afetlerin sosyal, ekonomik, kiiltiirel igerigi ve boyutlar1 tizerinde
durularak bu temelde politikalar gelistirebilmek oldukg¢a 6nemlidir. Diisiik olasilikli-
biiylik etkili riskler olarak tanimlanabilecek bazi afet tiirlerinin yikim giicii alinan
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onlemlerle en aza indirgenebilse de, tam olarak ortadan kaldirilmas: miimkiin degildir.
Zarar azaltma calismalarinin etkinligi toplumlarin gelismislik diizeyleri ile dogru
orantilidir (Onsiiz ve Atalay, 2015, s. 2). Bilim ise afetlerin etkilerini anlamada, tahminde
bulunmada ve etkilerini azaltmada kritik bir éneme sahiptir (Huppert and Sparks, 2006,
p. 1876).

2. AFET YONETIMI

Afet yonetimi siireci; tehlikelere kars1 zararlar1 azaltma, hazirlikli olma, miidahale
etme ve iyilestirme amagh olarak dort temel asamadan olusmaktadir (Sekil 1) (Ayres,
2011, p. 10). Risk yonetimi olarak adlandirilan asamada; afet oncesi hazirlikli olma,
tahminde bulunma, zararlari azaltma 6nem kazanmaktadir (Kadioglu, 2008, s. 3). Afetler
meydana gelmeden 6nce olasi tehlikeler ve riskleri belirlenerek gerekli 6nlemleri almak
modern afet yonetiminin birinci adimin olusturmaktadir (Helvacioglu ve Ogawa, 2008,
s.79). Ikinci asama; kriz yonetimi olarak adlandirilmaktadir ve afet sonras1 miidahale
etme, iyilestirme ve yeniden yapilanma calismalari 6nem kazanmaktadir (Kadioglu,
2008, s. 2). Afet ve acil durum yonetimi kavramy, tiim bu asamalar1 birbirinden bagimsiz
diistiniilemez, sistemi bir biitiin igerisinde ve kesintisiz olarak ele alir. Bu stire¢ birbirinin
devamudir, tamamlayicisidir (Kir¢in vd., 2017).

Kentlerimiz ne yazik ki afetlere karsi hazirlikli degildir. Karsilasilabilecek dogal
afetlere iliskin, afet dncesinde acil kurtarma ve yardim i¢in hazirliklarin etkin bir bigimde
yapilmasimi saglamaya, afet esnasinda kentlilerin ilk toplanma ve afet sonrasinda da
gecici barinma ihtiyaglarim1 karsilamaya yonelik yeterli stratejilerin olusturulmamis
olmasindan kaynakli sorunlar yagandig1 goriilmektedir (Ozcan vd., 2013).

Miidahale
Etme

Afet Yonetimi

lyilestirme

Sekil 1. Afet Yonetim Asamalar1
Kaynak: (Ayres, 2011, p. 10)
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Toplanma alanlarinin fiziksel, jeolojik ve cografi olarak afet riski bulunmayan
alanlardan secilmesi, aydinlatma sistemi (elektrik kesintileri igin akii kaynakli), tam
donanimli ilk yardim kiti ve sedye, el feneri, megafon, telefon hatti, battaniye, su ve
tuvalet gibi temel insani ihtiyaclar1 karsilayabilecek donanimda olmas1 gerekmektedir.
Toplanma alanlar1 kadar 6nemli olan acil barinma alanlari ise, ilk kargasanin atlatilmasi
sonrasinda afetzedelerin gecici bir siire de olsa barinmalari, rahat ve insanca
yasayabilmeleri igin onceden planlamasi yapilmis, olasi en iyi yasam sartlarmin
saglandig1, temel barinma alanlardir (Maral vd., 2015).

Afet yonetimi kapsaminda aktif olarak kullanilabilecek alanlar arasinda olan spor
alanlari, egitim alanlari, meydanlar ve yollarin yani sira agik-yesil alanlarinda énemli bir
rolii bulunmaktadir (Ozcan vd., 2013). Kentsel acik ve yesil alanlarin; kentsel ve kirsal
cevreler arasinda baglanti kurma, rekreasyonel ve sosyal aktiviteler i¢in ortam ve olanak
saglama, kent estetigini iyilestirme, gevre kirleticilerin etkisini azaltma, mikroklimay1 ve
yluzey akislarin1 diizenleme, bitki ve yaban hayati tiirleri i¢in uygun habitatlar
olusturma gibi bircok islevi ve ekosistem hizmetini yerine getiren onemli kentsel
biyotoplar olmasmin yanisira (Doygun, 2017) afeti 6nleme ve azaltma fonksiyonu ile de
kentin afete gogiis geren alanlaridir (Zhu et al.,, 2016, p. 27.1). Afet sonrasi ise siginma
noktalar1 olarak dnemli bir fonksiyonu bulunmaktadur.

3. KENTSEL YESiL ALANLARIN AFET SONRASI iSLEVLERI

Acik-yesil alanlar, afet sonrasinda afet dncesi kullanildiklar: fonksiyonlarmdan
farkli islevler tistlenirler (Atalay, 2008). Kentlerin temel yap1 taslarindan birini olusturan
acik-yesil alanlar ekolojik, sosyal, rekreasyonel ve arazi kullanim planlamasi
fonksiyonlariin yani sira afet sonrasi igin de kilit alanlardir (Korgavus ve Ersoy, 2015).

Acil erisim, toplanma, havadan erisim, kurtarma malzemelerinin depolanmas: ve
dagitimi, barinma amagh gegici ¢adir ya da konut alan1 olarak kullanimi ile kurtarici
mekanlardir (Kahyaoglu, 2016). Afet sonrasi agik-yesil alanlar, basta giivenlik olmak
tizere acil ihtiyaclarin karsilandigi, miidahalelerin yapilabildigi, kentsel servislerin
kaydirildig1 bir bagka deyisle yasamin tekrar basladig1 yerlerdir (Kir¢mn vd., 2017).
(Resim 1). Ciinkii insanlar dogal afetlerde, tehlike altinda hissettikleri durumlar
karsisinda i¢giidiisel olarak acik alanlara ¢ikarlar. Binalar1 zarar gormemis dahi bile olsa
glivenlik agisindan bir siire disarida bulunmayi tercih ederler (Korgavus ve Ersoy, 2015).
Bu anlamda acik-yesil alanlardaki yetersizlik, hem kentin yasam niteliklerini olumsuz
yonde etkilemekte, hem de dogal afet riskleri agisindan tedirgin edici olmaktadir (Ozcan
vd., 2013).

Yesil alanlar, spor alanlari, otoparklar, meydanlar vb. yapilasmadan korunmus
olan bu alanlarin hizmet edecekleri niifusa yeterli yakinlik ve biiyiikliikte olmalari,
ozellikle bos tutulmalar1 gerekmektedir. Bu nedenle iskan alanlarina yeterli yakinlikta
ve biiytiikliikte bos alanlarin imar planlarinda ayrilmasi gerekir (Atalay, 2008).
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Resim 1. 2017 Meksika depreminde hastaneden tahliye olan hastalar, yakinlardaki
parklarda beklemek durumunda kalmistir
Kaynak: https://www.directrelief.org/2017/09/mexico-city-rocked-by-7-1-magnitude-
earthquake-weeks-after-devastating-temblor/

Afet sonrasi toplanma alani seciminde; karsi karsiya kalinan afet tipi onemli
olmakla birlikte, yerlesim alanlarina ve hizmet erisim noktalaria olan uzaklik, kullanim
ve igme suyunun saglanabilecegi bir alan olmas: gibi bir takim 6zelliklere de dikkat
edilir. Secilecek alan afet tipine gore degiskenlik gdsterebilir. Ornegin, tsunamiden sonra
segilecek toplanma alaninin, genellikle kiyidan uzakta, kent g¢evresindeki yiiksek bir
alanda ve ¢ok sayida kisiyi toplama kapasitesine sahip olmasi gerekliyken, deprem
sonrast toplanma alani ise konutlarin ve kentsel altyapmin yakininda, net bir goriis
alanina sahip ve yine yeterli biiyiikliikte olmalidir. Afet bolgesindeki farkli noktalardaki
su kaynaklar1 da, afet sonrasi toplanma alanlarmin segiminde kritik bir rol oynar.
Ornegin, deprem sonrasi en az ii¢ giin boyunca merkezi su hizmeti olamayabilir. Boyle
zamanlarda su kaynaklari, kullanim suyu amagh ve gerektigi hallerde aritilarak igme
suyu temininde giivenli ortamlar saglarlar (Allan et al., 2013, p. 252-253).

Pek ¢ok kamu parki ve meydanlar, afet sonrasi toplanma ve miidahale alani olarak
merkezi bir rol oynar. Diinya’nin en biiyiik depremlerinden biri olan 1985 yilindaki 8.4
siddetindeki Meksika depreminde, Monumento de la Revolucion Meydani ve cevresi
kurtarma operasyonlarinin merkezi haline gelmistir. Bu tip alanlarin hasar goren
yapidan kagan insanlar i¢in ilk si§inak olma ve kurtarma operasyonlarinin merkezi olma
gibi islevleri vardir. Kendi ic¢inde farklhi ihtiyaglari1 olan farkli insanlar1 barindirma
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kabiliyeti, iyi bir parkin 6zelligidir. Bir afet durumunda parklarin ve kamusal alanlarin
islevselliginin daha da 6nemli bir hale geldigini goriiyoruz (“Citylab, 2017”).

Japonya’da Hanshin Awai Depremi ve Orta Niigata Bolgesi Depremi gibi biiyiik
olgekli depremlerde bile, parklar afet iyilestirme ve yeniden yapilandirma ¢alismalari
icin merkezi bir gorev iistlenmistir. Ornegin; Ookuni Parki sadece Nagata bolgesindeki
yangmin yayilmasini engellemekle kalmamais, ayni zamanda acil durum tahliye alani ve
afet onleme faaliyetleri igin bir merkez iissii olarak da islev gormiistiir (Ministry of Land,
Infrastructure, Transport and Tourism, 2005).

Japonya’da kent planlama calismalarinda, dogal afetlere karsi gilivenli sehirler
yaratmak onemli Olglitlerden biridir. Biiyiik kentlerde, depremlerden sonra cikan
yangmlar biliyiik zarara yol actigindan beri, agtk alan planlamas: Japon kent
planlamasinin temel iskeletinin pargasi haline gelmistir. Japonya’da ilk kapsamli kent
plan1 biiyiik Kanto depreminden sonra yeniden yapilanma plani olarak yapilmistir. 1923
yilinda meydana gelen biiyiik Kanto depreminde Tokyo'nun 2.309.000 kisi olan
niifusundan 1.484.000 kisi etkilenmistir. Projenin en 6nemli amaci ekonomik ve kiiltiirel
standartlar1 goz oniinde bulundurarak yangma dayanikli sehrin nasil inga edilecegidir.
Japonya yonetimi, yogun kentsel alanlar1 park ve bulvar-agach yollar gibi agik alanlarla
ayirma metodunu sec¢miglerdir. 1.570.000 kisinin parklarin igine kacip hayatlarin
kurtarmasindan beri insanlar agaglarin ve agik alanlarin yanginin yayilmasini énledigini
bilmektedir (Atalay, 2008).

Japonya’da kent parklarindaki spor alanlari, tsunami nedeniyle evsiz kalan
vatandagslarin barmaklar1 olarak kullanilmistir. Yine kent parklari, acil ihtiya¢ duyulan
gecici barinaklarin insaati ve afet enkaz atiklarinin gegici olarak depolanmas: igin
kullanilmistir. Genis agikliklara sahip parklar, arama/kurtarma faaliyetleri ve tibbi
miidahale i¢in gerekli malzemelerin tutuldugu bir merkez olarak kullanilmistir. Deprem
sonrasinda kent i¢inde toplu tasima fel¢ oldugundan dolay1 kentsel alan disinda kalan
milli parklar, evlerine gidemeyen pek ¢ok kisinin siinma evi olarak hizmete girmistir
(Ministry of Land, Infrastructure, Transport and Tourism, 2005).

Tyilesme siireci, bir felaketin ardindan ekonomik, sosyal ve fiziksel olarak yeniden
toparlanma stirecidir. Bu siire¢ uzun olabilir ancak yapilan yanhslar: diizeltme firsat1 da
sunar. Gelecege yonelik afet risklerini azaltmak icin bazi fiziksel gelisim modellerinin
degistirilip, gelistirmesi gerekebilir. Afet risklerini azaltmaya yonelik c¢alismalar
yasanan bir afet sonrasi olay unutulmadan daha cabuk ve etkili olabilir. Uygun
yapilasma ve yapilar, onarim ve alan kullanim standartlari ile yeniden olusturulmus bir
topluluk, afet 6ncesi kosullara kiyasla gelecek icin daha diisiik bir risk tasir (Berke at al.,
1993, p.93).

3.1. Afet Parklan

Parklarin ve agik yesil alanlarin afet sonrasinda kullanimi yonetimleri afete agik
yerlerde afet parklar1 olusturmaya yonlendirmistir. Bu tiir parklar olagan zamanlarda
toplumun rekreasyonel ihtiyaglarin1 karsilarken afet sonrasinda ise afet yonetiminin
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gerceklestirildigi bir merkez olarak hizmet eder. Neden agik-yesil alanlar afet sonrasinda
bir afet yonetim merkezi olarak islev goriir? Ciinkii parklarm insanlar1 destekleme
kapasitesi diger alanlara gore daha fazladir. Parklarda yapisal alanlar daha azdir, daha
genis acik alanlara sahiptir. Bu nedenle bir parkin yaklasik %801 acik bitkisel alan olarak
ayrilmalidir. Ayrica ¢ogunlukla kamuya ait oldugu icin gegici yapilar olusturulabilir
dolayisiyla izin alma, miilkiyet gibi sorunlarla karsilagilmaz (Masoumi, 2017, p.8).

Deprem oncesi halkin rekreasyona yonelik istek ve ihtiyaglarmi karsilayan aktif
yesil alanlar, yesil alan standartlar1 goz oniine almarak artirilmali, deprem sonrasi igin
de gerekli donatilar ile fonksiyonel hale getirilmelidir (Kahyaoglu, 2016). Japonya’da
1923 biiyiik Kanto depreminden sag kalan Tokyo sakinleri kent merkezindeki yangin
riskinden kagarak daha giivenli bir alan olan ormanlara, tarim alanlarina siginmaislardir.
1923 depreminden sonra kentsel alanlardaki agik yesil alanlara olan ihtiyag¢ netlesmistir.
Ozellikle son yillarda afet sonrasi sigmma parklarinin planlanmasina 6nem
verilmektedir. 2020 yilina kadar Tokyo’da 185 ha'lik yeni afet ve yasamda kalma parki
insa edilerek kentin yesil alanlarinin arttirilmasi hedeflenmektedir (“The Guardian”,
2014).

Afet parklarmi planlarken farkli kentsel olgeklerde (mahalle, semt, bolge, kent
gibi) afet parklarinin bulunmasma dikkat edilmelidir. Farkli olgeklerdeki lojistik,
yonetimsel ve hiyerarsik iliski tanimlanmali ve birbirlerini tamamlayici fonksiyonlar:
olmalidir (Masoumi, 2017, p.9).

Tablo 1. Agik Alan tipi ve afet onleme ve gelistirmedeki rolii

Actk Alan Tipi ~ Afet Onlemedeki Rolii Gelistirme Yonii

Metropoliten parklarin

Biiyiik Olcekli Tahliye-toplanma alani, afet e v seyien

Parklar kurtarma alanlar:

arttirilmasi

Kiiciik Olcekli Afet eylemleri icin faaliyet Her yap1 adas'.l i¢in uygun

noktasi, afet sonrasi mesafede yesil alanlarin
Parklar

bulugsma noktasi hazirlanmasi

Yangin engelleri, tahliye Yiiksek Riskli Alanlardaki
Yollar e .

yollar1 Yollarin Iyilestirilmesi

Kaynak: (Atalay, 2008)

Her mahallede en az bir afet parki olmasi gerekmektedir (Giilgiin et al., 2016,
p.162). Mahalle parklari1 deprem aninda veya sonrasinda gegici barinma alani olarak,
gecici saglik hizmetleri, yiyecek dagitimi, gelecek yardim malzemelerinin depolanmasi
ve diger teknik donatimlar ic¢in kullanilmaktadir. Bu sebeple deprem sonrasinda
yasamsal faaliyetlerin devaminin saglanmasinda ¢ok onemli rolleri olan agik ve yesil
alanlarm ana ulagim agzyla iligkisi saglanmal1 ve bu alanlara erisimi dnleyecek engellere
izin verilmemelidir. Kentlerde gesitli amaglarla kullanilan meydanlar afet sirasinda
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valilik, kaymakamlik ve ilgili kurumlarin ¢alismalarinda afet yonetim merkezinin
kurulmasinda bir kaynak olusturmaktadir. Meydanlarin kentleri temsil etmesi ve herkes
tarafindan bilinmesi nedeniyle afet aninda yasanan saskinlik ve sok durumunda
herkesin kolaylikla ulasabilecekleri bulusma alanlar1 olmaktadir. Bu nedenle deprem
sonrasinda organizasyonun saglanmasinda, depremzedelere gelen yardimlarin
toplanmasinda ve yardimlarin dagitiminin yapilmasinda ¢ok onemli gorevler
ustlenmektedir. Ayrica sergi ve fuar alanlar1 da ayni amagla kullanilabilecek alanlardir.
Acik otoparklar ve spor alanlar1 deprem sonrasinda gelen yardim malzemelerinin
toplandig1, toplanma, gecici barinma ve cadir kent ihtiyacinin karsilandig1 alanlardar.
Ayrica bu alanlarin disinda kalan tiim kentsel agik ve yesil alanlar deprem sonrasinda,
gecici  toplanma/tahliye, ¢adir kent ve  gegici  yerlesim  alanlarina
dontistiirtilebilmektedirler (Kahyaoglu, 2016).

Deprem sonrasindaki tiim bu ¢ok islevli kullanimlarindan dolay: parklar, spor
alanlari, otoparklar, meydanlar, resmi, saglik egitim ve dini tesislerin agik alanlar1 gibi
yapilasmadan korunmus olan bu kentsel acik ve yesil alanlarin hizmet edecekleri niifusa
yeterli yakinlik ve biiytikliikte, siireklilik icinde ve kolay erisilebilir olmalar1 ve 6zellikle
bos tutulmalar1 gerekmektedir (Korgavus ve Ersoy, 2015).

Afet parklarina anayollardan ve ara yollardan olacak sekilde uygun bir erisim
saglanmalidir ve minimum yol genisligi 12 metreden az olmamalidir. Bu tiir parklar,
nehir, suyolu, dogalgaz hatti, elektrik gsebekesi gibi kullanimlarin yaninda
olusturulmamalidir (Masoumi, 2017, p.9). Deprem sirasinda enerji hatlarmmn
kopmamasi veya kopup gevreye hasar vermemesi igin yeraltina alinmasi ve her tiirlii alt
yap1 galerilerinin trafik izleri arasinda birakilan, orta refiijler altinda yapilmasi
gerekmektedir (Cavus, 2013).

Parkin Olgegi, gecici ve acil konaklama igin destekleyebilecegi niifusa gore
belirlenir. Park biiyiikliigli kent icinde minimum 2 da, kent disinda minimum 5 da
olarak ayrilmalidir (Masoumi, 2017, p.9). Deprem parki olustururken 6zellikle yerlesime
uygun goriilmeyen, fonksiyonsuz; yogunluk durumuna gore ihtiyaci karsilayabilecek
nitelikte alanlar secilmelidir (Cavus, 2013).

Afet parklari icin; helikopter pisti, yemek yapilan bir salon, yonetim binasi, igme
ve kullanim suyu olarak kullanilabilecek olanaklar, yeterli sayida tuvalet ve banyo
saglanmalidir. Bu servisler mobil veya monte edilebilir olabilir. Parkin elektrigini
saglamak igin giines panelleri, konaklama platformlar1 ve gorsel-isitsel bildirim araglari
kullanilmalidir (Masoumi, 2017, p.9).

Tokyo'nun siginma parklari, 6zellikle afet sonras: yasanan kargasa ve islevsizlik
donemlerinde, zekice kurgulanmis hayatta kalma siginaklaridir. Elektrik arizalar
durumunda elektrikli bisikletler ve akilli telefonlar igin giines enerjisi ile ¢alisan sarj
istasyonlari, yemek yapmak icin tasarlanan kamusal tezgahlar yer alir. Tasarlanan
parkta, bir felaketin ardindaki kritik ilk 72 saat i¢in yasamda kalmaya yardimci olacak
gida ve su ihtiyaci igin gerekli malzemeler, ¢im tepelerinin ve kiraz agaglarinin altinda
depo edilmistir. Bu parklarin en bilineni Tokyo Rinkai afet 6nleme parkidir (Resim 2).
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Tim sehir igin bilgi akisim1 ve acil servislerini yonlendirebilecegi bir merkez
durumundadir. 33 dekarlik bir alan1 kaplayan, elektrik prizleri ve LAN baglantilari,
gecici tuvaletler ve 1sinma materyalleri bulunan park afetle miicadele calismalari i¢in bir
karargah niteligindedir (“The Guardian”, 2014).
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Resim 2. Tokyo Rinkai Afet Onleme Park Plaru
Kaynak: http://www.tokyorinkai-koen.jp/en/park/

Japonya’da Hyogo Bolgesinde afet durumunda kullanilacak bir park kurma plani
yapilmistir. Bu park Hyogo bdlgesinin tiimiine hitap eden g¢ekirdek bir tesistir.
Depremler, seller ve tayfun gibi afetlerden etkilenen insanlar1 kurtarmak, barindirmak
icin merkezi bir is olarak islev gérmektedir (Miki City, 2019). Miki Afet 6nleme parki
olarak adlandirilan bu parkta, paslanmaz celikle insa edilmis, duvarlar1 ¢imle kapls,
kubbe seklinde tasarlanmis tenis kortu aym zamanda acil durum merkezi olarak
diistiniilmiistiir (“Philippine Daily Inquirer”, 2011) (Resim 3-4).

Bununla birlikte diger afet parklar1 vatandaslarin giinliik yasamlarina entegre
edilmistir. 1940 yilinda insa edilen Hikarigaoka Parki kentlinin rekreasyonel
ihtiyaclarmni karsilarken, afet durumunda 270000 insan1 destekleyebilecek kapasitededir
(Resim 5). Nakano Central Parki, ofisler, restoranlar ve toplanti noktalar: gibi alanlarin
oldugu bolgede afet azaltma 6zelligi ile entegre olmus bir bagka park ornegidir (Resim
6). Acgik alanin altinda afet durumunda kullanilmak iizere gizli bir su deposu ve acil
durum malzemelerini igeren bir depo bulunmaktadir (“The Guardian”, 2014).
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Resim 3. Hyogo Bolgesi Miki Afet yonetim parkindaki Tenis kortu ve Acil Durum
Hazirlanma Alani
Kaynak: https://www.archdaily.com/6853/slowtecture-m-shuhei-

endo/5010018d28ba0d42220003b5-slowtecture-m-shuhei-endo-image

Resim 4. Hyogo Bolgesi Miki Afet yonetim parkindaki Tenis kortu ¢im duvarlar
Kaynak: https://www.archdaily.com/6853/slowtecture-m-shuhei-
endo/5010018d28ba0d42220003b5-slowtecture-m-shuhei-endo-image
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Resim 5. Hikarigaoka Park
Kaynak: http://www.wifi-tokyo.jp/list.html

kg%

Resim 6. Nakano Central Park:
Kaynak: http://www.nakano-centralpark.jp/shisetsu.html
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4. SONUC

Hangi afet tipi olursa olsun afet gercegi ile yasamak insanoglunun kabullenmesi
gerekli bir yazgisidir. Ancak bu yazgiy1 hicbir sey yapmadan kabullenmek yerine,
hatalarindan ders ¢ikararak, dogaya karsi savasmadan uyum i¢inde, sistemin bir pargasi
oldugu disiincesiyle ¢Oziimler {ireterek Kkarsilarsa, afetin olumsuz etkilerini
hafifletebilir.

Yasanilan afetler yilginliga ve umutsuzluga yol agmamali, karsilagilabilecek olasi
afetlerin etkilerini azaltabilecek yeni girisimleri uygulamak icin bir firsat olarak
goriilmelidir. Kente ekolojik, ekonomik, sosyal ve estetik acidan katki saglayan agik yesil
alanlar, afet sonrasi fonksiyonlar1 da goz ontinde bulunduruldugunda bir liiks degil bir
ihtiya¢ olarak diistintilmelidir. Agik yesil alan miktarlar1 arttirilmali, yer secimi ve
tasarimi afet sonrasi islevleri de goz 6niinde bulundurularak gerceklestirilmelidir.

KAYNAKCA

Akdur, R. (2000). Afetler ve Afetlerde Saglik Hizmetleri, Tiirkiye Sorunlarina Coziim
Konferansi-3, 21. Yiizyilda Tiirkiye,
http://www.recepakdur.com/upload/49.AFETLER%20VE%20SA %C4%9ELIK %20
H%C4%B0ZMETLER%C4%B0.pdf

Allan, P., Bryant, M., Wirsching, C., Garcia, D., Rodriguez, M.T. (2013). The Influence of
Urban Morphology on the Resilience of Cities Following an Earthquake, Journal
of Urban Design, 18:2, 242-262.

Atalay, H. (2008). Deprem Durumunda Kentsel Agik ve Yesil Alanlarin Kullanimi
Kii¢tikcekmece-Cennet Mahallesi Ornegi. Yiiksek Lisans Tezi. Istanbul Teknik
Universitesi Fen Bilimleri Enstitiisii, Istanbul

Ayres, H.M. (2011). Disaster by design the role of landscape architects in the Canterbury
earthquake recovery, A dissertation submitted in partial fulfillment of the
requirements for the Degree of Master of Landscape Architecture at School of
Landscape Architecture Lincoln University.

Berke, P.R., Kartez, ]., Wenger, D. (1993). Recovery after Disaster: Achieving Sustainable
Development, Mitigation and Equity, Disasters, 17: 93-109. doi:10.1111/j.1467-
7717.1993.tb01137.x

Citylab, 2017. Park and Bicycles were Lifelines After Mexico City’s Earthquake (2019, 5
Subat) Erisim adresi: https://www.citylab.com/environment/2017/09/parks-and-
bicycles-were-lifelines-after-mexico-citys-earthquake/541320/

Cavus, G. (2013). Deprem Bolgelerindeki Acik-Yesil Alan Sistemi Ilke ve Standartlarmin
Bolu 1li C)rneginde irdelenmesi, Doktora Tezi, Ankara Universitesi, Fen Bilimleri
Enstitiisii, Peyzaj Mimarlig1 Anabilim Dali, Ankara.

13


http://www.recepakdur.com/upload/49.AFETLER%20VE%20SA%C4%9ELIK%20H%C4%B0ZMETLER%C4%B0.pdf
http://www.recepakdur.com/upload/49.AFETLER%20VE%20SA%C4%9ELIK%20H%C4%B0ZMETLER%C4%B0.pdf
https://www.citylab.com/environment/2017/09/parks-and-bicycles-were-lifelines-after-mexico-citys-earthquake/541320/
https://www.citylab.com/environment/2017/09/parks-and-bicycles-were-lifelines-after-mexico-citys-earthquake/541320/

Saricam, S. (2019). Kentsel Acik-Yesil Alanlarin Afet Sonrasi Islevleri. GSI Journals Serie B: Advancements in
Business and Economics, 1 (2): 1-15.

Doygun, H. 2017. Agik ve yesil alanlarin kent yasamindaki yeri: BIYOLOJIK
CESITLILIK, http://www.plantdergisi.com/yazi-prof-dr-hakan-doygun-258 . html

Earth Observatory, https://earthobservatory.nasa.gov/Features/RisingCost/ (Erisim:
Subat 2018)

Gilgtin, B., Yazici, K., Dursun, S., Tiirkyilmaz Tahta, B. (2016). Earthquake Park Design
and Some Examples from the World and Turkey, J. Int. Environmental Application
& Science, Vol. 11(2): 159-165.

Giingdr, Y. Afet Kiiltiirii, Istanbul Universitesi Acik ve Uzaktan Egitim Fakiiltesi Ders
Notlari, http://cdn.istanbul.edu.tr/FileHandler2.ashx?f=afet-
ku%CC%881tu%CC%88ru%CC%88-ders-notu.pdf

Helvacioglu, 1.H., Ogawa, Y. (2008). “Yerlesim Unitesi Analizi Saha Calismasi
Uygulamalari, Kadioglu, M. Ve Ozdamar, E., (editorler)., ‘Afet Zararlarim
azaltmanin Temel Ilkeleri’; s. 79-90. JICA Tiirkiye Ofisi Yayinlar1 No: 2, Ankara.”

Huppert, H.E., Sparks, R.S.J. (2006). Extreme natural hazards: population growth,
globalization and environmental change, Philosophical Transactions of the Royal
Society A (2006) 364, 1875-1888.

International Federation of Red Cross and Red Crescent Societies (2016). World Disasters
Report Resilience: saving lives today, investing for tomorrow, (Eds. David
Sanderson and Anshu Sharma), ISBN: 978-92-9139-240-7

Kadioglu, M., 2008. Modern, Biitiinlesik Afet Yonetimin Temel [lkeleri; Kadioglu, M. ve
Ozdamar, E., (editorler), “Afet Zararlarmmi Azaltmanin Temel Ilkeleri”; s. 1-34,
JICA Tiirkiye Ofisi Yaymlar: No: 2, Ankara.

Kahyaoglu, B. (2016). Tekirdag Kentinde Dogal Afet ve Egitim Parki Planlamas1 Uzerine
Bir Calisma. Yiiksek Lisans Tezi. Namuk Kemal Universitesi Fen Bilimleri
Enstitiisii, Peyzaj Mimarlig1 Anabilim Dali, Tekirdag.

Kir¢m, P.N., Cabuk, S.N., Aksoy, K., Cabuk, A. (2017). Ulkemizde Yesil Alanlarin Afet
Sonrasi Toplanma Alani Olarak Kullanilma Olanaklarinin Artirilmasi Uzerine Bir
Aragtirma, 4. Uluslararas: deprem Miihendisligi ve Sismoloji Konferans1 11-13
Ekim 2017, Anadolu Universitesi, Eskisehir.
http://www.tdmd.org.tr/TR/Genel/4AUDMSK/pdf2017/3843.pdf

Korgavus, B., Ersoy, E. (2015). Kadikody Ilcesi Kentsel Acik ve Yesil Alanlarmin Olasi
Istanbul Depreminde Yeterliliginin irdelenmesi, Uluslararasi Burdur Deprem ve
Cevre Sempozyumu, 07-09 May1s 2015, Mehmet Akif Ersoy Universitesi, Burdur.
https://ees2015.mehmetakif.edu.tr/IBEES2015/16(398-408).pdf

Maral, H., Akgiin, Y., Cmar, AK, Karaveli, A.S. (2015). [zmir'deki Afet Sonrasi
Toplanma ve acil Barinma Alanlar1 Uzerine Bir Degerlendirme, 3. Tiirkiye Deprem
Miihendisligi ve Sismoloji Konferansi 14-16 Ekim 2015 - DEU - IZMIR.
http://www.tdmd.org.tr/TR/Genel/pdf2015/TDMSK 143.pdf

14


http://www.plantdergisi.com/yazi-prof-dr-hakan-doygun-258.html
https://earthobservatory.nasa.gov/Features/RisingCost/
http://cdn.istanbul.edu.tr/FileHandler2.ashx?f=afet-ku%CC%88ltu%CC%88ru%CC%88-ders-notu.pdf
http://cdn.istanbul.edu.tr/FileHandler2.ashx?f=afet-ku%CC%88ltu%CC%88ru%CC%88-ders-notu.pdf
http://www.tdmd.org.tr/TR/Genel/4UDMSK/pdf2017/3843.pdf
https://ees2015.mehmetakif.edu.tr/IBEES2015/16(398-408).pdf
http://www.tdmd.org.tr/TR/Genel/pdf2015/TDMSK_143.pdf

Saricam, S. (2019). Kentsel Acik-Yesil Alanlarin Afet Sonrasi Islevleri. GSI Journals Serie B: Advancements in
Business and Economics, 1 (2): 1-15.

Masoumi, M. (2017). Innovating A New Idea Namely: Disaster Park (Multi Use Park).
Int J Sci Stud 2017;5(3):5-10.

Miki City, 2019. Miki Disaster Prevention Park (2019, 5 Subat) Erisim adresi:
http://www.city.miki.lg.jp/english/tourist hst disa.html

Ministry of Land, Infrastructure, Transport and Tourism, 2005. Needs for Parks and
Green Spaces, Erisim adresi: http://www.mlit.go.jp/common/000996960.pdf

Onsiiz, M.F., Atalay, B.1. (2015). Afet Lojistigi, ESOGU Tip Fakiiltesi Dergisi, 37(3), 1-6.

Ozcan, N.S., Erdin, H.E., Zengin, H. (2013). Kentlerde Agik ve Yesil Alan Sistemlerinin
Afet Yonetimi Baglaminda Kullanilabilirliginin Degerlendirilmesinde Cografi
Bilgi Sistemleri (CBS): Izmir &rnegi, TMMOB Cografi Bilgi Sistemleri Kongresi
11-13 Kasim 2013, Ankara.
http://www.hkmo.org.tr/resimler/ekler/240f6f89212165a ek.pdf

Philippine Daily Inquirer, 2011. Green disaster management centers, (2011, 15 October)
Erisim adresi: http://business.inquirer.net/24807/green-disaster-management-
centers

Sena, L., Woldemichael, K. (2006). Disaster prevention and Preparedness, Lecture notes
for Health Science Students, Jimma university, In Collobration With The Ethiophia
Public Health Training In collaboration with the Ethiopia Public Health Training
Initiative, The Carter Center, the Ethiopia Ministry of Health, and the Ethiopia
Ministry of Education

The European Commission’s Science and Knowledge Service, (2019, 25 Ocak).
https://ec.europa.eu/jrc/en/research-topic/natural-and-man-made-hazards

The Guardian, 2014. Tokyo’s disaster parks: hi-tech survival bunkers hidden under
green spaces (2014, 19 August) Erisim adresi:
https://www.theguardian.com/cities/2014/aug/19/tokyo-disaster-parks-hi-tech-
survival-bunkers-hidden-green-spaces-earthquake

United Nations, (2012). UN System Task Team On The Post 2015 UN development
Agenda, Diseaster Risk and Resilience, Thematic Think Piece, UNISDR, WMO,
(2019, 07 Subat) Erisim adresi:
http://www.un.org/en/development/desa/policy/untaskteam undf/thinkpieces/3

disaster risk resilience.pdf

United Nations, 2017. World Population Prospects: The 2017 Revision (2019, 07 Subat)
Erisim adresi: https://www.un.org/development/desa/publications/world-
population-prospects-the-2017-revision.html

Zhu, C.,, Wang, Y., Ren, W, Luo, L, Yin, Y., Xie, W., Liu, W. (2016). The Planning of Green
Spaces to Prevent and Avoid Urban Disasters in Dujiangyan, Vol.17, Number 46,
p. 27.1-27.6, http://ijssst.info/Vol-17/No-46/paper27.pdf

15


http://www.city.miki.lg.jp/english/tourist_hst_disa.html
http://www.mlit.go.jp/common/000996960.pdf
http://www.hkmo.org.tr/resimler/ekler/240f6f89212165a_ek.pdf
http://business.inquirer.net/24807/green-disaster-management-centers
http://business.inquirer.net/24807/green-disaster-management-centers
https://ec.europa.eu/jrc/en/research-topic/natural-and-man-made-hazards
https://www.theguardian.com/cities/2014/aug/19/tokyo-disaster-parks-hi-tech-survival-bunkers-hidden-green-spaces-earthquake
https://www.theguardian.com/cities/2014/aug/19/tokyo-disaster-parks-hi-tech-survival-bunkers-hidden-green-spaces-earthquake
http://www.un.org/en/development/desa/policy/untaskteam_undf/thinkpieces/3_disaster_risk_resilience.pdf
http://www.un.org/en/development/desa/policy/untaskteam_undf/thinkpieces/3_disaster_risk_resilience.pdf
https://www.un.org/development/desa/publications/world-population-prospects-the-2017-revision.html
https://www.un.org/development/desa/publications/world-population-prospects-the-2017-revision.html
http://ijssst.info/Vol-17/No-46/paper27.pdf

GSI JOURNALS SERIE B: ADVANCEMENTS IN
BUSINESS AND ECONOMICS

Volume: 1, Issue: 2, p. 16-25, 2019

A NEW APPROACH TO GREEN SUPPLY CHAIN MANAGEMENT
FOR TURKISH CONSTRUCTION SECTOR

A. Emre CENGIZ!
Osman AYTEKIN?
Alper CABUK?
(Received 02.02.2019 Published 28.02.2019)

Abstract

Sustainability is an emerging issue for construction which is regarded as the most pollutant
industry globally by causing huge greenhouse gas emissions and the greatest consumption of raw
materials. Since materials is regarded as the main component of the construction projects, it is
significant to reduce environmental impacts of materials-related activities during both design and
construction phases. Supply chain management (SCM) is a sophisticated concept which contains all
materials-related activities of construction projects. In the last decade, construction supply chain
management (CSCM) has become a new challenge for both researchers and construction managers
in order to reduce environmental impacts as well as the total project costs. Life cycle assessment
(LCA) is being commonly utilized in order to evaluate the environmental impacts of a building
material throughout its life cycle. In this paper, ecological aspects of CSCM are discussed. First of all,
brief information, general framework and scope of the LCA technique are given. Then LCA tools that
assess the environmental impacts of building materials are introduced. A new LCA approach for
environmental impact assessment of building materials is suggested. Finally advantages the
ecological perspective will bring to the Architecture, Engineering and Construction (AEC) industry
are examined.

Keywords: Architecture, Engineering and Construction (AEC), Building materials, Construction
Supply Chain Management (CSCM), Green Supply Chain Management (GSCM), Life Cycle
Assessment (LCA).
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1. INTRODUCTION

The characteristics of the construction sector, such as high cost, long period and many
different participants cause the difficulties on planning and management practices in the
construction projects. This also applies to the material that constitutes an important part of
the cost of construction projects. There may be various difficulties in material procurement
without complete planning. Bertelsen (1993) suggested that a bad-planned supply chain
increases the project total cost by approximately 10%. Building materials are required to be
brought to the construction site in a way that optimizes the criteria of time, quality, cost and
field conditions. But this process mostly becomes painful due to bad timing, lack of
information and communication which all affects the management success of the project.
Construction Supply Chain Management (CSCM) encompasses a very broad process
starting from the customer's request to the demolition of the building at the end of its service
life. CSCM is defined as a system in which suppliers, contractors, customers and other
organizations work together in order to produce and use information for the purpose of
producing materials, facilities, equipment and labor and other resources for construction
projects (Hatmoko and Scott, 2010).

In the 1950s and 1960s, manufacturers adopted the fordist production model, which
gave little flexibility to product and process flexibility. New product development activities
have been slow and progressive, depending on in-house technology and capacity. Co-
ordinated and strategic buyer-supplier relationships did not gain much value since
technology and expertise are unacceptable due to the risky and insecurity of sharing. The
purchasing function was generally seen as a service to production and managers did not
pay much attention to purchasing issues (Tan, 2001). Quality revolution of the 1980s and the
supply-chain revolution of the 1990s indicated that the best practices call for integration of
environmental management with ongoing operations (Srivastava, 2007). While SCM
increases the level of competition among companies, it is also a requirement to adapt to the
trends of the era. These developments necessitate the transition from the classical SCM to
Green Supply Chain Management (GSCM).

GSCM has emerged as an effective tool to ensure sustainability with a lower
environmental footprint through the reduction of waste and carbon emission. GSCM
integrates environmental thinking into supply chain management by including extensive
stages from designing a product, material sourcing and selection, manufacturing processes,
product delivery, and end-of-life management of the product (Srivastava, 2007). The term
sustainability, which increasingly refers to an integration of social, environmental, and
economic responsibilities, has begun to appear in the literature of business disciplines such
as management and operations (Carter and Rogers, 2008). LCA is a prominent technique of
assessing and comparing the environmental burden of products and services. According to
the definition of EPA; LCA is a holistic concept and method used to determine the
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possibilities of a product, process or activity to realize environmental impacts and
environmental improvements throughout the whole life cycle. The life cycle mentioned in
LCA constitutes process of raw material extraction, production, use/reuse, maintenance and
recycling/waste management (EPA, 1995). LCA measures the amount of spent energy,
waste generation and disposal, the use and consumption of natural resources.

LCA is a technique used in order to determine, report and manage the environmental
impacts of the different stages of the life cycle, starting with the acquisition of raw materials
used in the production of a product or service, including the disposal of all relevant
production, transportation, use and waste disposal. (Demirer, 2011). LCA examines the
environmental inputs and outputs associated with a product or service life cycle from the
cradle to the grave, which means from the raw material acquisition to the production,
transportation and use phase, if necessary, to further processing, to the final disposal
process (Khasreen et al, 2009). LCA studies show the mass balance between processes and
sub-processes; explores in a fragmented way to identify inputs, outputs and emissions; thus,
it can model the system and provide comprehensive information about the life cycle of
services and products (Condeixa et al., 2015).

LCA method has its own standards. According to these standards, LCA studies
consist of four stages: Aims and scope, Life Cycle Inventory Analysis (LCI), Life Cycle
Impact Assessment (LCIA) and Interpretation (ISO 14040, 2006). Figure 1 illustrates the
stages of LCA. The definition of purpose and scope includes the definition of the product or
services, the selection of the functional unit for comparison and the identification of the
required detail information. The life cycle inventory analysis deals with the collection and
synthesis of information on physical material and energy flows at various stages of the
product life cycle. In the life cycle impact assessment, the characterization factor is used to
calculate the contribution of each of the components in different environmental impact
categories (climate change, ozone consumption, ecotoxicity, human toxicity, photochemical
ozone formation, acidification, eutrophication, resource consumption and land use). This
phase consists of three elements: selection, classification and characterization of impact
categories. The classification of life cycle impact results converts used emissions, wastes and
resources into selected impact categories (e.g. CO2, CH4, CO) (Ortiz et al., 2009). Finally,
life-cycle interpretation takes place at all stages of the life cycle assessment, and enables
interpretation of both the life cycle inventory analysis and the results of the life cycle impact
assessment (Cabeza et al., 2014).
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Figure 1: General Framework of LCA (ISO 14040, 2006)

LCA has been used in construction sector since 1990 and is an important tool for
evaluating environmental performance of buildings. In 1998, the Society for Environmental
Toxicology and Chemistry (SETAC), which works for the purpose of developing the LCA
methodology, has formed a working group that examines the applications of LCA in
construction sector. The purpose of this group is defining the specific characteristics of LCA,
to propose a specific guideline or options for method based choices and to make predictions
for future studies. The main objective of LCA studies is to compare the LCA results obtained
from different studies and to provide meaningful choices in the construction sector
(Ozdemir, 2012).

There are green building certification systems which make environmental sensitivity
measurements of the whole structure with LCA technique and there are tools to determine
the environmental effects of building materials and provide ecological material decision
support. BREEAM (UK), LEED (USA), BEPAS (China), and CASBEE (Japan) are the featured
systems for assessing the environmental awareness of the entire structure. In addition, there
are tools such as LISA (Australia), Envest (UK), ATHENA (Canada), BEE (Finland)
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developed for design decision support of the whole structure. BEES (USA), Gabi (Germany),
SimaPro (Netherlands), TEAM (France) and LCAiT (Sweden) are the decision support
systems developed for the evaluation of the environmental impact of building materials
(Ortiz et al., 2009).

2. LCA TOOLS FOR CARBON EMISSION CALCULATION OF BUILDING
MATERIALS

In recent years, various tools are developed in order to evaluate the environmental
impacts of building materials and to make LCA method available for the selection of
environmental-friendly building materials. These tools significantly improved the efficiency
of analysis and expanded the implementation of LCA. Although these analysis tools shared
the same theory, the functions’ performance, the system framework and, even application
are totally different, and the variety of these tools brings the problem of decision-making
difficulties for the users (Fu et al., 2014). In a survey carried out in the USA in 2006, which
was conducted for participants with private, public and academic staff, is revealed that 58%
and 31% of the participants prefer Gabi and SimaPro software, while the remaining 11%
prefer TEAM, BEES and other software (Cooper and Fava, 2006). These LCA tools will be
introduced briefly as follows.

Athena Institute for Sustainable Materials in Canada has recently supported the use
of the EcoCalculator, a free computing tool. This tool was able to analyze the simplified LCA
in the context of the cradle-to-grave for construction materials. Impact Estimator for
Buildings, developed by the Athena Institute in 2013, can also assess the environmental
impact of the entire structure or assembly level by using the cradle-to-grave LCA approach.
This LCA tool enables architects, engineers and researchers to assess the environmental
impact of industrial, institutional, office-functional, multi-unit housing and single-family
housing design (Fu et al., 2014).

BEES (Building for Environmental and Economic Sustainability) was developed by
NIST (US National Institute of Standards and Technology), a software tool to measure the
economic and environmental performance of building materials. The BEES analysis tool is
based on standards and is designed in a practical, flexible and transparent manner. BEES
has an online database available to everyone on the internet. The database covers real
environmental and economic performance data for 230 building materials. It is intended for
the use of designers, researchers and construction project participants, producers and
trainers. BEES evaluates the environmental performance at all stages throughout the life of
building materials using the cradle-to-grave LCA approach specified in the ISO 14040 series
of standards. For the economic performance, the American Society for Testing and Materials
(ASTM E917 - Life-Cycle Costing) is used. The processes covering the expenses in the initial
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investment, renewal, operation, maintenance, repair and destruction processes are
calculated.

Another LCA tool, GaBi was developed in Germany in 1992 and is a worldwide
leading LCA tool for modeling products and systems from a life cycle perspective. GaBi
allows the creation of models based on physical process chains. Models can be formed by
users, including system descriptions for building materials and raw materials and energy
flows for the processes of building materials. It has an integrated product database covering
800 different energy and raw material flows developed from sectoral reviews and technical
literature (Giinaydin, 2011). The databases used by GaBi can be taken to remote service. In
this case, the data directly to the client to update models, enables customers to efficiently
manage their databases and to providing consistent databases (Fu et al, 2014).

SimaPro (System for Integrated Environmental Assessment of Products) enables users
to conduct an LCA study with existing unit processes, built-in impact assessment methods
and end-of-life options. Developed in the Netherlands in 1990, SimaPro provides a
professional tool for collecting, analyzing and monitoring the environmental performance
of products and services. SimaPro stands out with its flexibility to use different impact
assessment methods. SimaPro covers a large database and links with external data sources
are also possible. It is stated that the database can be changed, expanded and designed to
be dependent on the customer's own needs (Fu et al., 2014). The analysis includes all life
cycle processes as well as possible scenarios for dismantling and recycling after the end of
the service life. Users can view the results in both text and graphics. The analyzes include
greenhouse effect, energy, air, ozone depletion, toxicity, water pollution, solid waste
(Glinaydin, 2011).

3. SIMPLIFIED LCA APPROACH

In this paper, it is aimed to develop an environment-friendly approach on selection of
building materials, thus reducing the carbon footprint of the construction industry, which
is extremely environmental pollutant. A new and simplified LCA approach for evaluating
the both economic and environmental impact of building materials is proposed. Figure 2
illustrates the framework of the proposed approach.

Simplified LCA is adopted from the cradle-to-grave LCA scope, and includes three
main phases which are production, transportation and construction. Phases considered in
LCA processes of building materials are evaluated at equal importance. Both the cost and
carbon emission values have reached the final cost and final carbon emission values with
cumulative totals of all three phases.
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Figure 2: Framework of Proposed Approach

This suggested practical approach is called Penalty Score (PS). Economy penalty score
of materials are calculated as follows:

PS materials — economy = (C production *+ Ctransportation + Cconstruction) (1)

Parameters are expressed as PSmaterialseconomy: Economy penalty score of building
materials, Cproduction: Material production cost, Ceansportation: Material transportation cost, and
Ceonstruction: Material implementation cost.

Ecology penalty score of materials is calculated as follows:

PS materials—eco log y:(COZ production+co2transportation+co2constr.) @

Parameters are expressed as PSmateriaisecology: Ecologic penalty score of building
materials, COzproduction: Material production carbon emissions, COuztransportation: Material
transportation carbon emissions, and COzconstruction: Material implementation carbon
emissions. Cost and carbon emission values at each phase of the simplified LCA method are
calculated on the basis of unit material and the functional unit is determined as square
meters (m?).
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In simplified LCA proposed approach, the cost equation of the building materials at
the production stage is as follows:

C production = (m*Cunit — production) )

Parameters are defined as: Cproduction: Material production cost, Cunit production: Unit
production cost of material (TL/m2), m: Quantity of material (m?).

The carbon emission value of the building materials during the production phase

is calculated using Equation 4:

Co, production ~ (m*002 unit — production) 4)

Parameters are defined as: COzproduction: Material production carbon emissions (kg

CO2-eq), COuunit production: Unit material production carbon emissions (kg CO2-eq/m2), m:
Quantity of material (m?).

In the proposed approach, the cost of transportation of building materials includes
both the cost of ordering and physical transport of the materials, as well as the resulting cost
of fuel consumption of the motor vehicle used to transport the materials to the site.
Transportation cost is calculated using the following equation:

Ctransportation = (Mm*Cunit — order ) + (m *Cunit —transportation)

®)
+(2*N*D*Cynit — fuel «FC)y
100

Parameters are defined as: Ceransportation: Material transportation cost (TL), Cunitorder: Profit
of supplier from the unit order (TL/m?), Cunit transportation: Unit material transportation cost
(TL/m2), m: Quantity of material (m?), N: Number of expedition, D: Distance between site
and supplier (km), Cunit fuel: Unit fuel cost (TL/lt), FC: Average fuel consumption at 100 km
(1t-100 km).

Carbon emission value of the building materials at the transport phase is also
dependent on the mass of the material, differs from the amount of material, the number of
expedition, distance between site to suppliers, the average fuel consumption of the motor
vehicle and the transport cost equation. Carbon emissions at the transport phase are
calculated as follows:

FC, M*D* f

— type—of —transport
2transportation = (27N *D *ﬁ f ) T 1000 (6)

(6{0)
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Parameters are defined as: COztransportation: Material transportation carbon emissions (kg
COz-eq), N: Number of expedition, D: Distance between site and supplier (km), FC: Average
fuel consumption at 100 km (1t-100 km), fvenice: Carbon emission factor of motor vehicle (kg
COz-eq/lt), fiype of transport: Carbon emission factor of material transport type (kg-COz-eqg/ton
km), M: Mass of material (kg). In the second part of the equation, the variables are divided
by 1000 and the tonal value in the material carbon emission factor is converted to kilogram.

In this model, the cost of construction is calculated similar to the cost of production
equation:

Cconstruction = (m *Cunit — Iabour) (7)

Ceonstruction: Material implementation cost (TL), Cunitlabour: Labour cost of unit material
(TL/m?), m: Quantity of material (m?)

In the proposed approach, the annual carbon emission value per capita in the
greenhouse gas emission statistics published by TURKSTAT was used. According to
TURKSTAT, the annual per capita carbon emissions for Turkey in 2015 are declared as 6.07
tons / person (TURKSTAT, 2017). Implementation durations of building materials are
calculated by performance measurements and man / hour tables of construction activities
are produced. Since these measurements are made on the time basis, the annual carbon
emission per capita is divided by the number of hours per year. Accordingly, the carbon
emission factor in construction phase is calculated as follows:

6.07*1000
F construction = (Wj =0.693 (8)

In the light of this information, the carbon emission equation for the material
construction phase is structured as follows:

C02 construction — (m* MH * f COﬂStI’UCtiOI’l) ®)

CO2 construction: Material implementation carbon emissions (kg COz-eq), m: Quantity of
material (m?), MH: Man/hour value of construction activity (hour/m2), feonstruction: Material
implementation carbon emissions factor (0,693).

4. CONCLUSION AND SUGGESTIONS

In this paper, simplified LCA approach for environmental impact assessment of
building materials is suggested. This approach focuses on production, transportation and
construction phases and facilitates total cost and carbon emission comparisons of building
materials. It is concluded that proposed approach is able to utilize in a decision support
system which enables LCA based decision support for architects and construction managers
during both design and construction phases of projects. It also enables cost and carbon
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emission reduction during production, transportation and application stages of building
materials. GSCM in construction is a featured research field which needs to be contributed.
Besides, proposed approach is open to be developed and integrated with another decision
support models. Due to the fact that there is a huge gap in the literature on GSCM in
construction, it is suggested to deepen researches on this field. As a conclusion, simplified
LCA should be employed in more sophisticated decision support systems which provide
economy and ecology optimization.

* This paper is the extended version of a conference paper presented in International
Symposium on Business and Economics (ISBE’18) which is held in Podgorica,
Montenegro on 5%-8t of September, 2018.
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Abstract

Limited natural resources are decreasing day by day. In order for these resources to be used
by future generations, the concept of sustainability, which aims to reduce the negative effects of
human activities and the effective use of resources, should be implemented. Sustainability practices
are essential in the aviation, which is an indispensable sector. In this study, what are the
environmental targets within the scope of sustainable aviation practices, and the contributions of
Geographical Information Systems (GIS) as an information technology in the process of achieving
these targets are discussed. The literature review was conducted and the applications that
contributed to sustainability were exemplified by using the GIS tool in the aeronautical organizations
and especially in airports. The possible contributions of GIS to sustainable aviation are expressed.
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1. INTRODUCTION

Around 7.6 billion people and millions of lives share the same environment around
the world. In order to ensure the prosperity of all living beings on the earth, we need to
manage effectively the whole area of the environment we are in. The Brundtland Report on
Environment and Development in 1987, the Rio Summit which took place in 1992, are the
main activities that have gained momentum for sustainable environmental management
movements. Within the context of sustainable development approach to managing human
activities in harmony with nature, natural, economic and social elements for sustainable
environmental management can be defined together as closely as possible in order to
minimize the pressure of human activities on the environment and to prevent or mitigate
potential future harmful effects should be addressed.

Civil aviation is one of the fastest growing global industries. Impacts of aviation can
be either negative or positive. In its present form, aviation cannot be considered sustainable
in the very long term. As aviation relies on limited natural resources, achieving sustainable
development is not easy but action is needed for sustainable aviation.

Geographical information sciences — Geographical Information Systems (GIS) are
effective tools of collecting, storing, analyzing and interpreting data of various kinds. In this
study, we will focus on what GIS applications are used in the problem solving process of
the airports and what are the contributions of these applications to the airports in the context
of sustainable aviation management.

1.1. Geographical information systems

GIS is more than an information system, GIS is the way of thinking about everyday
data in a spatial context. GIS can be a great planning and decision making tool for different
kinds of disciplines. Various disciplines use GIS. For-instance, environmental-earth
sciences, many economic and census related studies use GIS. It helps different kinds of
disciplines-companies to incorporate geographic data into their working process, so that
they can easily plan, optimize, maintain, and check other activities. Figure 1 illustrates the
examples of different kinds of GIS applications and uses.
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GIS Is Being Applied Around the World
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Figure 1: Examples of different kinds of GIS applications and uses
Source: ESRI, 2007

1.1.1 GIS for aeronautical organizations

Aeronautical organizations need to create and maintain digital aeronautical datasets
and produce high-quality, database-driven charts that meet their unique specifications. GIS
can help these agencies maintain, control, and disseminate data that meets their
requirements. With GIS, aeronautical organizations can (ESRI, 2013):

e Create, visualize, analyze, and disseminate critical data from Aeronautical
Information Systems (AIS).

¢ Automatically update charts through the AIS to reduce data latency, redundancy,
and errors.

* Produce a wide range of charting products, including International Civil Aviation
Organization (ICAO)-compliant charts, from a central database.

¢ Share data using the Aeronautical Information Exchange Model (AIXM).
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 Efficiently generate aeronautical charts for route planning, in-flight navigation, and
takeoff and landing.

Many aviation organisations use GIS. For example Pegasus Airlines uses GIS for data
management, editing, and validation. They can reduce chart production time for significant
time and cost savings. By using GIS, airline inputs changes to its geodatabase and updates
each impacted chart automatically. They also use chart templates for new chart production.
These updated digital charts are available in each pilot’s electronic flight bag (EFB) tablet,
and it supports the airline’s move to a paperless cockpit (ESRI, 2012).

1.1.2 GIS for airport

Regardless of their size, airports are complex facilities that play a critical role in
regional and national transportation. Airport managers must plan and maintain their
facilities for peak performance and identify potential points of failure well before a critical
failure can occur. Airport managers can use GIS technology to support their efforts in
planning, operations, maintenance, and security by adding spatial information and
modeling process. Ultimately, GIS helps airports visualize data so they can better
understand the relationships between data points and their locations. This results allows to
user that, leading to better decision-making and more effective use of available staff and
resources (Coffman Associates, 2016).

Facilities Management, Capital Planning, Property/Lease Management , Land
Acquisition, Security and Risk Assessment, Flight Path Management, Airport Layout
Planning, Capacity Planning, Pavement Management, Parking Management, Courtesy
Vehicle Management ,Utility Maintenance, Lighting Management, Noise Monitoring and
Modeling and Environmental Assessment processes are examples of airport management
processes which can done by GIS(ESRI,2013).

1.2 Sustainable aviation;
environmental issues

In late 1980’s, early 1990’s a variety of research programmes identified a number of
emissions and effects from aviation (Lee et al., 2009). The concept of sustainable aviation
emerged in the late 1990’s with the The Intergovernmental Panel on Climate Change (IPCC)
Special Report on the climate change impacts of aviation in 1999 (IPCC, 1999). The term
‘sustainable aviation” emerged in reports such as the work of Sledsens (1998) and INFRAS
(2000) (Walker and Cook, 2009).

1.2.1 Impacts of aviation

There are lots of impacts of aviation. Impacts of aviation can be either negative or
positive. The environmental impacts of contemporary aviation are significant. One of the
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tirst impacts of aviation is global scale impacts. The major environmental impact of aviation
is global climate change. According to IPCC 5th assessment report and The International
Civil Aviation Organization (ICAO) Environmental Report 2016, distribution of emissions
of greenhouse gases by industry sector worldwide as of 2015, Emissions from transportation
accounted for 13 percent of greenhouse gases. Total CO: emissions from aviation account
for approximately 2% of total global CO: equivalent emissions. And international aviation
accounts for about 13% of total global CO: emission (ICAQO, 2016).

More locally, aircraft and airport operations caused noise pollution from take-off and
landings, engine testing, surface transport and constructions, so that noise pollution is one
of the most serious environmental problems of aviation. Other aviation related
environmental issues include contaminated land, ground and surface water at airports
arising from jet fuels, aircraft de-icing operations, waste generation, threating the wildlife
and farmland (Upham et al, 2003).

Besides the environmental impacts, aviation industry have social and economical
impacts. Aviation industry causes affordable access to destinations across the globe,
creating job, facilitating tourism and trade and influences tax revenue (ICAQ, 2017).

However, it is obvious that, the social, economic and environmental dimensions
created by airports directly influence urban, regional and national sustainable growth.
Within this context, either negative or positive impacts created by aviation related processes
should be predicted and managed by decision makers.

1.2.2. Sustainable aviation goals

The International Civil Aviation Organization (ICAO)’s environmental work
contributes to 10 out of the 17 United Nations Sustainable Development Goals. These sub
topics are good health, quality education, gender equality, renewable energy, innovation
and infrastructure, reduced inequality, responsible consumption, climate action, life on
land, partnership for goals, environmental efficiency and mitigation are main goals of
sustainable aviation. This study mainly focuses on environmental goals. The International
Civil Aviation Organization (ICAO) adopted three major environmental goals, to (ICAO,
2016):

a. limit or reduce the number of people affected by significant aircraft noise;
b. limit or reduce the impact of aviation emissions on local air quality; and

c. limit or reduce the impact of aviation greenhouse gas emissions on the global
climate.
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1.3. Contributions of GIS for sustainable aviation

GIS provides avoiding irreversible adverse effects of human activities on earth
systems. Adverse affects can be obtained before aroused, by using GIS based modeling
techniques. For instance we can solve the noise problem. Choosing quieter aircraft may
reduce ambient air noise but technological improvements could be more expensive than
some specific site based solutions. GIS helps to develop site specific solutions. Potential
noises can be prevented by using results of simulating noise pollution. For example noise
problem can be solved with land use management. Sadr (2017) predict IKIA airport noise
by using GIS. Also, Buitenschot Park Project is a good example of reducing noise problem
by managing land use (http-1, 2016). These management processes can be done by GIS based
models.

The spatial characteristics analysis of aviation accidents can identify the hot spots
where aviation accidents occur frequently and analyze the spatial distribution
characteristics of existing aviation accidents. It has important for reducing accidents. Within
a GIS, based airport wildlife management program strives to reduce the risk of bird strikes.
In Greece, Siopis et al. (2015), show the importance of site selection and land use
management for reducing risks. The other example project is Aalborg Airport. Bird strikes
have been reduced by 50% in Aalborg Airport by using Copernicus Sentinel satellites and
spatial analysis techniques (http-2, 2018). Li and Liang (2018), identified the hot spots where
aviation accidents occurred in Florida. Authors used the kernel density function to analyze
the hot spots of traffic accidents and analyzed the spatial autocorrelation characteristics of
aviation accidents and to determine whether aviation accidents have spatial aggregation
trends. On this basis, the severity index of existing aviation accidents has been calculated to
study which airports have high potential aviation accident risks in the past 15 years.

Air quality management of airports can be done by GIS techniques. GIS is able to take
into account the whole range of relevant emission sources: aircraft traffic, auxiliary power
units, ground support equipment, road traffic, industrial, commercial, domestic and other
less well-defined sources. In 2002 London Heathrow airport’s air quality management done
by GIS based model ADMS-Airport which is developed by Cambridge Environmental
Research Consultants (CERC)(CERC, 2002). By using this model, air quality current
situation and future scenarios can be viewed and by using this model output adding
capacity processes can be managed. Figure 2 illustrates example analysis result from ADMS
which is shows the modelled NO: concentrations around Heathrow.
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el AL / "
Modelled NO: concentrations around
Heathrow, 2002 base case (ug/m?)
[From "Adding Capacity at Heathrow Airport
—Air Quality Studies for Heathrow", 2007]

Figure 2: ADMS-Airport
Source: CERC, 2002

In addition to the environmental impacts, by using GIS we can answer these
questions,

Where is the best suitable area for airport?

How many people affected by impacts of airport?

When new airport opening, which sectors affected negatively or how many people
can find a job?

Where can we find the cheapest raw material and which way has the less carbon
footprint, etc.?

In summary, in line with the goals of sustainable aviation and airport, benefits of GIS
for sustainable aviation (ESRI, 2013);

2.

Reduced Emissions

Provide the ability to track assets, conduct real-time analysis, and produce what-if
scenarios on live or recorded aeronautical information feeds.

Promote Sustainable Growth

Sharing the use of the technology ensures that the correct data is used throughout
the organization and that resources are shared for more viable growth.

CONCLUSION

Using GIS in aviation, especially in airports, allows the airports to collaborate more
effectively and efficiently on airport planning, design, operations, and maintenance
decisions. Also, GIS provides avoiding irreversible adverse effects of aviation on earth
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systems. By using GIS-based modeling techniques, the harmful effects of aviation can be
prevented before its arousing. Some pollution prevention activities (for instance noise
pollution, protecting surface and groundwater systems, air quality management),
protecting wild life, reducing risks (bird attack etc.) and some improvement of economic
and social well-being can be done by GIS.

In addition to the existing practices, in the future coupling with advances in web based
applications, enables the airport to access to its data anywhere there is an internet
connection. This means that an airport manager can easily answer critical questions. Also,
technology integration makes GIS more accessible, as people are able to use alternate
devices (such as smartphones and tablets) to run the web-based applications. It will reduce
costs of traditional GIS systems. Over the long-term, with the improved data management
GIS will provide faster, easier access to information. GIS technology will eliminate the need
for paper-based management. In conclusion, with digital management of airport
information, airports will be both efficient and sustainable (Coffman Associates, 2016). To
sum up, the purpose of the present paper is to show that it will be easier to achieve
sustainable development goals by using GIS in airports and the many aviation activity.
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Ozet

Goller, barindirdiklar: canli tiir gesitliligi ile onemli ekosistem alanlaridir. Bunun yan sira,
bulunduklari bélgenin iklimine etki etmekte ve hatta tarim faaliyetlerine de katki saglamaktadir.
Artan ivmeyle yiikselen niifus, tarim alanlari ile dogru orantilidir. Niifus artisi, tarimsal
iiretimden elde edilen verimi de gerekli kilmaktadir. Dolayisiyla sulak alanlar, tarim arazileri
sulamasi i¢in kullanilan birincil kaynaklar haline doniismektedir.

Tiirkiye, sulak alanlar agisindan zengin bir tilkedir. Gegici golciikler ve batakliklar harig
tutuldugunda dabhi, siirekli gol sayist 300 civarindadir. Calisma alani olarak ise iilkenin 6nemli
sulak alanlarindan biri olan Burdur goller bolgesi secilmistir. Son yillarda medyada ¢ikan
haberlere gore, bu alandaki birgok gol tehlike altindadir. Gollerdeki su orani azalmakta ve
tuzluluk orani artmaktadir. Bu calisma, uzaktan algilama araglari ile gollerdeki zamansal
degisimi haritalamay1 amacglamistir. Ayrica, goller yoresindeki su indeksinin mevcut durumu
ortaya konulmus ve buna baglh olarak sulak alan yonetiminde uzaktan algilamanin 6nemine
dikkat g¢ekilmistir. Bu calisma ile birlikte tespit edilen sulak alanlardaki zamansal degisim,
tarimsal faaliyetler agisindan da oldukga 6nemlidir.

Calismada kullanilan normalize edilmis su indeksi (NDWI), su kiitlesinin haritalanmasi
i¢in en uygun yontemdir. NDWI ¢ogu durumda su hakkinda bilgiyi etkili bir sekilde artirabilir.
Calismada yararlanilan NDWTI analizlerine ek olarak, sulak alanlardaki su ¢ekilmelerinin tespiti
zamansal degisim analizi ile yapilmistir. Elde edilmis analiz sonuglar1 mevcut durumu ortaya
koymakta ve gelecekte yapilmasi muhtemel ¢alismalarla gelistirilebilir.
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Abstract

Lakes are important ecosystem areas with the diversity of species they live. In addition, it
affects the climate of the region and even contributes to agricultural activities. Population rising
with increasing acceleration is directly proportional to agricultural areas. Population growth also
requires the yield obtained from agricultural production. Therefore, wetlands are the primary
sources used for irrigation of agricultural lands.

Turkey is a country rich in wetlands. Even when temporary lakes and marshes are
excluded, the number of continuous lakes is around 300. As the study area, Burdur lakes region,
which is one of the important wetlands of the country, was selected. According to media reports
in recent years, many lakes in this region are in danger. The rate of water in the lakes decreases
and the salinity rate increases. This study aims to map the temporal change in lakes with remote
sensing tools. In addition, the current status of the water index in the lakes region was revealed
and the importance of remote sensing in wetland management was pointed out. The temporal
change in the wetlands determined with this study is also very important in terms of agricultural
activities.

The normalized water index (NDWI) used in the study is the most appropriate method for
mapping water bodies. In most cases, NDWI can effectively increase knowledge about water. In
addition to the NDWI analysis, the determination of water withdrawal in wetlands was done by
a temporal change analysis. The results of the obtained analysis reveal the current situation and
can be improved by future studies.

Keywords: Wetlands, Remote sensing, NDWI, Lakes region, Wetland management
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1. GIRiS

Goller, barindirdiklari canli tiir gesitliligi ile onemli ekosistem alanlaridir. Bunun
yaru sira, bulunduklar1 bolgenin iklimine etki etmekte ve hatta tarim faaliyetlerine de
katki saglamaktadir. Artan ivmeyle yiikselen niifus, tarim alanlari ile dogru orantilidir.
Niifus artisi, tarimsal {iretimden elde edilen verimi de gerekli kilmaktadir. Dolayisiyla
sulak alanlar, tarim arazileri sulamas: i¢in kullamilan birincil kaynaklar haline
doniismektedir. Gollerde, deltalarda ve sulak alan niteligi tasiyan diger alanlarimdaki
dogal hayatin devamu igin gerekli olan su ihtiyaci ise onemsenmemektedir (Ataol, 2010).
Bu ¢alismada, goller yoresindeki su indeksinin mevcut durumu ortaya konulmus ve
buna bagh olarak sulak alan yonetiminde uzaktan algilamanin 6nemine dikkat
cekilmisgtir.

1.1. Genel Kavramlar

Sulak alan terimi, bir dizi ortak 6zellige sahip olup; genis bir yelpazedeki karasal,
kiyisal ve denizsel yasama ortamlarini bir araya getiren ekosistemlerdir (Cagirankaya
ve Merig, 2013). Sulak alanlar, biyolojik ve fiziksel ozelliklerine goére gruplandirilir.
Dogal ve suni ozellikler tasiyabilir ve bu 6zellige bagh olarak sulak alanlar icin ¢ok
sayida tanimlar gelistirilebilir.

Ramsar Sozlesmesine gore sulak alanlar; algak gelgitte derinligi altt metreyi
asmayan deniz suyu alanlarin1 da kapsamak {tizere, dogal ya da yapay, siirekli ya da
gecici, durgun ya da akar, tatli, act ya da tuzlu biitiin sular ile bataklik, sazlik, 1slak
cayirlar ve turbaliklar olarak tanimlanmaktadir (Matthews, 1993).

Tiirkiye, sulak alanlar agisindan zengin bir tilkedir. Gegici golciikler ve batakliklar
hari¢ tutuldugunda dahi, siirekli gol sayisi 300 civarindadir. Ulkemizdeki sulak
alanlarin karakterlerine ¢ok uyan bir siniflama Europian Community (1993) tarafindan
yapilmistir. Bu siniflandirmaya gore, sulak alanlar 7 ana grupta toplanmaistir:

e Hali¢ ve deltalar,

e Tatli su batakliklari,

e Goller,

e Nehir ve taskin ovalari,

e Turbaliklar,

e Kiyisal sulak alanlar,

e Insan yapisi sulak alanlardir (Cagirankaya ve Merig, 2013).

Sulak alanlarin yonetimi ve gelistirilmesinde dogru ve giivenilir verilere ihtiyag
duyulmaktadir. Ayrica sulak alanlarin korunmasi i¢in de dogru veriler ve bu verilerin
glivenilir yontemle toplanmasi gereklidir. Toplanan veriler ile birlikte amaca uygun
haritalar {iretilebilir. Verilerin toplanmasi ve ilgili alanlarin siirekli izlenmesi igin ise
uygun teknoloji kullanmilmalidir. Uzaktan algilama teknolojisi sulak alanlarin farkl
bantlarda gortintiilerinin elde edilebildigi, dogru, tekrarlanabilen ve zamansal sayisal
verinin elde edilmesine olanak saglayan giiclii ve yararlh bir ara¢ olarak
tanimlanmaktadir (Bektas Balgik, 2010).
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Normalize edilmis su indeksi (NDWI) su kiitlesinin haritalanmasi igin en uygun
yontemdir. Su kiitlesi, goriiniir dalga boyundan kizil6tesi dalga boylarma kadar giiclii
emilebilirlige ve diisiik radyasyona sahiptir. NDWI ¢ogu durumda su bilgisini etkili bir
sekilde artirabilir (Anonim-4, 2019).

Bu boliimde galismanin kavramsal gergevesi ¢izilmis ve kullanilan yontem
hakkinda teorik bilgi verilmistir. Bir sonraki boliimde, ¢alisma alan1 tanitilmis ve mevcut
durum ortaya konmustur.

1.2. Calisma Alani

Calisma alani olarak Burdur goéller bolgesi secilmistir. Son yillarda medyada ¢ikan
haberlere gore, bu alandaki birgok gol tehlike altindadir. Gollerdeki su oran1 azalmakta
ve tuzluluk orami artmaktadir. Bu calisma, uzaktan algilama araglari ile gollerdeki
zamansal degisimi haritalamay1 amaglamustir.

Goller Yoresi, Anadolu'nun gilineybatisinda Konya, Isparta, Burdur, Denizli ve
Afyonkarahisar il siurlarina kadar yayilmaktadir. Goller yoresi sadece sulak alan
ozelligi tasimasi ile degil, Paleolitik Cag’dan itibaren 6nemli bir yerlesim alani olmasi ile
de 6ne ¢ikmaktadir (Uysal, 2018). Buna bagh olarak sosyal yasant1 ve ¢alismayla ilgili
konulardan tarimsal faaliyetler de gelismistir. Bu ¢alisma kapsaminda, érnekleme alani
olarak Burdur, Egirdir, Beysehir ve Yarisli Golii segilmistir (Sekil 1). Calisma Olgegi
1:30.000’dir.
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Sekil 1. Calisma alani (Anonim-5, 2019).
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1.3. Mevcut Durum Analizi

Tirkiye'nin kapali havzalarinda uygulanan tarim faaliyetleri, mevcut yagis
durumu goz oniine alinmadigr kosullarda, havza alanlarindaki géllere biiyiik oranda
zarar vermektedir. Goller ile ilgili ekosistem de ayni derece zarardan etkilenmektedir.
Plansizligin bir sonucu olarak ortaya ¢ikan bu soruna bir 6rnek Burdur Golii’diir. Ataol
(2010), Burdur Golii tizerine hazirladig1 ¢alismada, goldeki 9,5 metrelik bir algalmadan
bahsetmistir. Ayrica 1987 yilinda goliin yilizey alani 203 km? iken, 2008 yilina
gelindiginde 146 km?ye kadar diismiistiir. Diinya’da ve tilkemizde, sulak alanlardaki
sorunlar akademik 6lcekte oldugu kadar, medyada da giindemdir. Bir¢ok farkli basin-
yayin organi, goller yoresinin de dahil oldugu, sulak alanlardaki su miktariin azalmasi
ve tuzluluk oraninin artmasina dikkat ¢ekmektedir. Ayrica bu alanlardaki, ekosistem
cesitliliginin de tehlike altinda olduguna vurgu yapilmaktadir.

2. MATERYAL - YONTEM

Onceki boliimlerde sulak alan ve su indeksi kavrami aciklanmistir. Daha
sonrasinda ¢alisma alan1 hakkinda bilgi verilmis ve ¢calisma sorununun mevcut durumu
ortaya konulmustur. Bu boliimde ise, kullanilan materyaller ve yontem hakkinda bilgi
verilmistir.

2.1. Materyal

Calismada 2 farkh tipte materyal kullanilmistir. Bunlardan ilki Landsat — 8
goriintiilerinin olusturdugu verilerdir. Diger tip materyal ise analizlerin ve goriintii
islemenin yapildig1 yazilimlardir. QGIS ve ArcGIS olmak {iizere iki farkli yazilim
kullanilmistir. Calisma kapsaminda kullanilan materyaller sunlardir:

e Landsat 8 goriintiileri
e QGIS 3 yazilimu
e ArcGIS 10.5 yazilimi

Kullanilan Landsat 8 goriintiileri i¢in https://glovis.usgs.gov/ web adresinden
faydalanilmistir (Anonim-6). 2013 ve 2018 yillar1 Agustos ayma ait bu goriintiiler en
fazla %10 bulutluluk oranina sahiptir. Gortintiiler 30 m ¢oziiniirliiktedir. Gortintii isleme
ve uzaktan algilama analizleri igin ise QGIS 3 ve ArcGIS 10.5 yazilimlar: tercih edilmistir.

2.2. Yontem

Bu boliimde ¢alismanin yontemine ait bilgiler verilmistir. Calisma bes ana adimda
tamamlanmigtir. Bunlardan ilki verilerin toplanmasidir. Toplanan verileri tizerinde,
yazilim araciligiyla atmosferik diizeltme islemi uygulanmistir. Sonrasinda NDWI
analizi gerceklestirilmistir. Goriintiiler yazilim aracihigiyla kirpilmis ve son olarak
zamansal degisim analizi ile sonuglanmistir. Calismanin yontem akis semas: Sekil 2”deki
gibidir.
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KIRPILMASI ANALIZI

Sekil 2. Yontem akis semas.

Yapilan analizlerde kullanulan goriintiiler Amerika Birlesik Devletleri Jeoloji
Aragtirmalar1 Kurumu'nun web sitesinden indirilmistir. Sitede; Sentinel-2, Landsat 4-5,
OrbView-3 gibi farkli uydulardan toplanmis goriintiiler paylasiimaktadir. Bu ¢alisma
icin Landsat 8 uydusu goriintiileri tercih edilmistir. Landsat 8 uydusu, 2013 tarihinden
gliniimiize kadar olan goriintiileri kapsamaktadir. Dolayisiyla, yapilmis analizlerde
2013’ten 2018’e zamansal degisim sonuglar: elde edilmistir.

Uzaktan algilama c¢alismalarinda uydu goriintiilerinde mutlaka gesitli
diizeltmelerin yapilmasi gerekmektedir. Bu diizeltmeler geometrik ve radyometrik
diizeltmeleri olarak ikiye ayrilmaktadir (Lillesand, Kiefer & Chipman, 2007). Bu ¢calisma
kapsaminda kullanilan USGS Landsat — 8 goriintiisiiniin geometrik diizeltmeye ihtiyaci
yoktur. Calismalarda kullanilan birden fazla goriintiiler farkli zamanlara ait
oldugundan farkli atmosferik kosullardan etkilenmislerdir. Ayrica goriintiiler tizerinde,
gazlar veya tozdan kaynaklanan bir miktar atmosferik bozulma s6z konusu olacaktir.
Bu tiir bozulmalar1 diizeltmek amaciyla atmosferik diizeltme yontemleri
uygulanmaktadir (Lillesand, Kiefer & Chipman, 2007; Jensen 2005). Atmosferik
diizeltme islemi igin, uzaktan algillama calismalarinda sikga tercih edilen “semi -
automatic classification” eklentisi kullanilmistir.

Normalize edilmis su indeksi (NDWI) (Gao, 1996), yakin kizil6tesi (NIR) ve kisa
dalga kizilotesi (SWIR) bantlarindan elde edilen uydu kanalli bir indekstir. NIR ve SWIR
kombinasyonu, yapragin i¢ yapist ve kuru madde igerigi tarafindan etkilenen
varyasyonlar1 ortadan kaldirarak bitki ortiisii su igeriginin alinmasindaki dogrulugu
arttirir (Ceccato vd., 2001). QGIS 3 yazilimi kullamilarak, Landsat 8 goriintiilerinin
normalize edilmis su indeksi hesaplanmistir. Bu hesaplama islemi i¢in kullanilan formdil
Sekil 3'teki gibidir.

(NIR — SWIR)

NDWI =
(NIR + SWIR)

Sekil 3. NDWI formiilii.
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NDWI degerleri, -1 ve +1 arasinda degisir. Yitksek NDWI degeri, yiiksek su
icerigine sahip bitki Ortiisii ve arazi kaplamasina kargilik gelir. Diisitk NDWI degeri ise
diisiik su igerigine sahip bitki Ortiisii ve arazi kaplamasina karsiliktir. Su stresi
doneminde NDWI azalmaktadir (Anonim-3, 2018).

Zamansal degisimin amaci, dijital uydu goriintiileri {izerinden iki veya daha fazla
zamanda arazi Ortiisii alanlarinda meydana gelen degisimleri ayirt etmektir. Zamansal
degisimin belirlenmesinde kullanilan uydu goriintiileri, konumdan, spektral
yansimadan ve zamandan etkilenmektedir (Muttitanon ve Tripathi, 2005). Uydu
gorlintiilerinin segim kriterleri, Materyal — Yontem kisminda belirtilmistir. QGIS 3
yazilimi ile NDWI hesaplanan goriintiiler, zamansal degisim analizinden 6nce ArcGIS
10.5 yazilimi kullamilarak kesilmistir. Calisma alaninin giiney yoniindeki Akdeniz’in
belli bir kism1 indirilen uydu goriintiistine dahildir fakat bu bolgenin ¢alisma ile bir ilgisi
bulunmamaktadir. Goriintiiniin kesilmesiyle, sadece ilgili kisimlar zamansal degisim
analizine uygun hale getirilmistir. Bu islemin ardindan, yine ArcGIS 10.5 yazilimi ile
zamansal degisim analizi islemi yapilmistir. Bu islem i¢in, yazilimm “Image Analysis”
aract kullanilmistir. NDWI hesaplanmis ve kesilmis gortintiiler, yazilim ortaminda
agilarak, ilgili aracin goriintii isleme boliimiindeki “difference” komutu ile tek bir
goriintii elde edilmistir.

Bir sonraki boliimde; Burdur, Beysehir, Egirdir ve Yarish gollerine odaklanilmistir.
Landsat — 8 uydu goriintiileri kullanilarak yapilan analizler sonucu elde edilen haritalar
paylasilmig ve gollerdeki su indeksi hakkinda yorumlama yapilmisgtir.

3. ARASTIRMA BULGULARI VE CIKTILAR

Arastirma kapsaminda Tiirkiye'nin goller bolgesindeki Burdur, Yarish, Egirdir ve
Beysehir golleri 2013 ile 2018 yillarina ait uydu goriintiileri ¢alisitlmistir. Gortintiilerde
NDWI analizi ile su indeksi tespit edilmistir. Sonrasinda ise 2013 ile 2018 yillar1 arasinda
zamansal degisim ortaya konmustur.

3.1. Burdur Golii

Burdur Golii, kuzeydogu-giineybati dogrultusunda S6giit Dag1ile Sulu dere Yayla
daglar1 arasinda ¢okiintii goliidiir. Goliin giiney ve kuzeyinde bulunan aliivyon alanda
sazliklar mevcuttur. Gol kapali1 bir havzadan olugsmaktadir. Derinlik bazi bolgelerde 100
metreyi bulur. GOl gevresindeki barajlar golii besleyen akarsular: kullandig icin son
yillarda goliin su seviyesinde diistisler goriilmektedir. Gol suyunda yapilan aragtirmalar
besin maddesi yoniinden zengin olmadigini gostermektedir. Buna ragmen ytize yakin
kus tiirtine ve yaklasik olarak 300 bine yakin su kusuna ev sahipligi yapmaktadir.
Endemik kus tiirlerinin de barinma alani olan gol ve cevresi uluslararasi oneme sahip
bir sulak alandir. (Anonim-1, 2019).

Burdur golii kiiresel iklim degisikliklerinden ve tarimsal faaliyetler i¢in kullanilan
su tiiketimine bagh kullamilmaktadir. Bu kullanimi gozlemleyebilmek adina gol ve
gevresini kapsayan alandan 2013 yili eyliil ay1 ve 2018 yili agustos ayma ait uydu
goriintiilerine ulagilmistir. Alandaki su gekilmesini ve stresini gorebilmek adina NDWI
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indeksinden yararlanilmistir. Yapilan analiz sonucu +1 ve -1 arasinda degerler elde
edilmigtir.

2013 ve 2018 yillarma ait almmis Burdur Golii ¢evresini kapsayan, Landsat uydu
goriintiisine NDWI analizi yapildiginda goliin kuzeydogu kisminda NDWI pozitif
deger veren (> +0.45) alanlarda 2.8 km'lik, goliin kuzey tarafindaki alanlarda yaklasik
100 metrelik su cekilmesi oldugu goriilmektedir. Goliin giiney bati tarafinda 120
metrelik su gekilmesi goriilmektedir. Yapilan analizde tespit edilen +0.45 ve {istii
degerler su ile kapli oldugu goz oniine alinmustir. Bu sayede gol suyundaki cekilme
rahatlikla goriilebilmektedir (Sekil 4).

2013 ve 2018 yillarmna ait yapilmis NDWI analiz sonuglarma ArcGIS 10.5
programinda degisim analizi yapildiginda, 1 numara ile isaretlenen alanda kirmizi renk
ile ifade edilen su gekilme bolgesi goriilmektedir. Goliin muhtemelen s1g oldugu bu alan
5 yillik analiz sonucuna gore ¢ekilmenin en siddetli goriildiigii bolgedir. Ayni zamanda
alanin giiney kesimi tarimsal faaliyetin yogun bir sekilde yapildig1 alandir. Ozellikle
tarimsal faaliyetlerde g6l suyunun aktif bir sekilde kullanilmasi gesitli kaynaklarda
belirtilmektedir.

Goliin giiney kisminda isaretlenen 2 numarali bolgede sudaki g¢ekilmenin iki
asama halinde oldugu goriilmektedir. Ayni zamanda 2 numarali bolgenin giineyinde,
tarimsal faaliyetlerin yogun bir sekilde yapilmaktadir.
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Sekil 4. Burdur Golii ve ¢cevresi NDWI analizi haritasi.

a) 2013 yili Landsat uydu goriintiisii Burdur Golii ve cevresi NDWI analizi haritast.
b) 2018 yili Landsat uydu goriintiisii Burdur Golii ve cevresi NDWI analizi haritast.
c) 2013-2018 yillar: Burdur Golii ve cevresi NDWI degisim analizi haritast.

42



Aksoy, T., Sar1, S. & Cabuk, A. (2019). Sulak Alanlarin Yoénetimi Kapsaminda Su indeksinin Uzaktan
Algilama ile Tespiti, Goller Yoresi. GSI Journals Serie B: Advancements in Business and Economics, 1 (2): 35-48.

3.2. Yarish Golii

Yesilova ilgesi smuirlari icinde deniz seviyesinden 920 metre yiikseklikte (Yarisls,
Harmanli, Sazak, Kocapinar ve Diiger Koyleri arasinda) bulunan Yarish Golii yaklasik
2622 hektarlik yiizélgiimiine sahiptir. Goliin suyu tuzlu ve cesitli kuslara ev sahipligi
yapmaktadir. Yaz aylarinda biiyiik Olgiide kuruyan gol yakin gevresinde tuzcul
batakliklar bulundurmaktadir. Yarigh Golii, nesli tehlike altinda bulunan dikkuyruklar
(Oxyura leucocephala) ve go¢ doneminde golii kullanan flamingolar (Phoenicopterus
roseus) i¢in 6nemlidir. (Eken 2006).

Yarishh Golii ¢alismada incelenen diger gollere gore daha kiigiik yiiz dlglimiine
sahiptir. Bu sebepten kiyilardan icerlere su ¢ekilmesi goliin yiizey alanina oranla daha
fazla olmaktadir. Bu g¢ekilmeyi gozlemleyebilmek adina gol ve gevresini kapsayan
alandan 2013 y1l1 eyliil ay1 ve 2018 y1l1 agustos ayina ait uydu gortintiilerine ulasilmistir.
Alandaki su cekilmesini ve stresini gorebilmek adina NDWI indeksinden yararlanil-
mustir. Yapilan analiz sonucu +1 ve -1 arasinda degerler elde edilmistir (Sekil 5).

2013 ve 2018 yillarina ait alinmig Yarish Golii ¢evresini kapsayan, Landsat uydu
goriintiisine NDWI analizi yapildiginda kuzey giiney dogrultusunda NDWI pozitif
deger veren (> +0.51) alanlarda yaklagik 1.5 km’lik su ¢ekilmesi oldugu goriilmektedir.
Yapilan analizde tespit edilen +0.51 ve iistii degerler su ile kapl oldugu goz oniine
alinmuistir. 2018 yilina ait analizde ¢ekilme sonucu gol merkezine yakin noktalarda 3 adet
golciik olusumu izlenmistir.

2013 ve 2018 yillarina ait yapilmis NDWI analiz sonuglarma ArcGIS 10.5
programinda degisim analizi yapildiginda genel itibariyle goliin tiim yonlerinden
¢ekilme izlenmektedir. 1 numara ile isaretlenen alanda tarimsal faaliyetin yogun bir
sekilde yapildig1 goriilmektedir.
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Sekil 5. Yarish Golii ve cevresi NDWI analizi haritasi.

a) 2013 yili Landsat uydu goriintiisii Yarish Golii ve cevresi NDWI analizi haritast.
b) 2018 yil: Landsat uydu goriintiisii Yarigl Golii ve cevresi NDWI analizi haritas.
c) 2013-2018 yillar: Yarish Golii ve cevresi NDWI degisim analizi haritasi.
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3.3. Egirdir Golii

Egirdir Golii, Tiirkiye'nin ikinci en biiyiik tatli su golii olup, yiiz 6l¢iimii 62621
hektar, bulundugu alanin deniz seviyesinden yiiksekligi 915 metredir. G6l, koruma
statiisii bakimmdan dogal sit alan1 kapsaminda olup, icme suyu havzasi olmasmin yan
sira biyolojik gesitliligi yiiksek sulak alandir. Avrupa’da 514, Tiirkiye’de ise 454 farklh
kus tirti bulunurken, Tiirkiye’de bulunan kus tiirlerinin 2251 Egirdir Goli ve
cevresinde barinmaktadir (Egirdir Golii, 2019).

Egirdir Golii'niin tath su igermesi, goliin tarimsal faaliyetlerde de kullanimin
kolaylastirmaktadir. Goliin yogun kullanimi ve kiiresel iklim degisiklikleri su
seviyesinde cesitli degisimleri meydana getirmistir. Bu kullanim1 goézlemleyebilmek
adina gol ve gevresini kapsayan alandan 2013 y1li eyliil ay1 ve 2018 y1l1 agustos ayina ait
uydu goriintiilerine ulasilmistir. Alandaki su gekilmesini ve stresini gorebilmek adina
NDWI indeksinden yararlanilmistir. Yapilan analiz sonucu +1 ve -1 arasinda degerler
elde edilmistir.

2013 ve 2018 yillarma ait alinmus Egirdir Golii cevresini kapsayan, Landsat uydu
goriintiistine NDWI analizi yapildiginda goliin orta kisminda (Kayaagzi koytiniin kuzey
kismi) NDWI pozitif deger veren (> +0.51’den 0,14’e) alanlarda 0.7 km’lik yerel su
¢ekilmesi oldugu goriilmektedir. Akkegili kdytiniin karst kiyisinda, 300 metrelik su
¢ekilmesi goriilmektedir (Sekil 6).
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Sekil 6. Egridir Golii ve ¢evresi NDWI analizi haritas:.

a) 2013 yili Landsat uydu goriintiisii Egridir Golii ve cevresi NDWI analizi haritas:.
b) 2018 yil: Landsat uydu goriintiisii Egridir Golii ve cevresi NDWI analizi haritasi.
c) 2013-2018 yillar: Egridir Golii ve cevresi NDWI degisim analizi haritasi.
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2013 ve 2018 yillarina ait yapilmis NDWI analiz sonuglarina ArcGIS 10.5
programinda degisim analizi yapildiginda 1 numara ile isaretlenen alanda kirmizi renk
ile ifade edilen su ¢ekilme bolgesi goriilmektedir. Cekilmenin oldugu bu alanda yogun
tarimsal faaliyet gozlenmemektedir. Cekilme tiim hat boyunca devam etmektedir. Dogal
olusan burnun bat1 ucunda kirmiz1 su ¢ekilme alan gol i¢inde tekrar etmektedir. Goliin
giney kisminda isaretlenen 2 numarali bolgede sudaki gekilme yogun tarimsal
faaliyetin oldugu alanin dogu kisminda bulunmaktadir. Suyun gekildigi alanin
batisinda su yoniinden pozitif deger veren alan izlenmektedir. Hacilar koyiiniin
kuzeyinde yer alan 3 numarali alanda yogun tarimsal faaliyet alanlarinin bati ucundan
baglayan ve tiim tarimsal alan1 takip eden su ¢ekilme alan1 goriilmektedir.

3.4. Beysehir Golii

Beysehir Golii Tiirkiye'nin en biiytik tatli su goliidiir. 91947 hektar alana sahip olan
gol, 1120 metre deniz seviyesinden yukaridadir. Alanda iki adet milli park ve dogal
kentsel sit alani bulunur. DSI'nin yiiriittiigii 300 bin hektar alanin sulanmasimnin
diistintildiigli, Konya Ovasi Projesi g6l igin risk olusturmaktadir (Etken 2006). Beysehir
Goli'niin  tath su icermesi, goliin tarimsal faaliyetlerde de kullanimin
kolaylastirmaktadir. Goliin yogun kullanimi ve kiiresel iklim degisiklikleri su
seviyesinde cesitli degisimleri meydana getirmistir. Bu kullanim1 gézlemleyebilmek igin
gol ve cevresini kapsayan alandan 2013 yili eyliil ay1 ve 2018 yil1 agustos ayina ait uydu
goriintiilerine ulagilmistir. Alandaki su gekilmesini ve stresini gorebilmek adina NDWI
indeksinden yararlanilmistir. Yapilan analiz sonucu +1 ve -1 arasinda degerler elde
edilmistir.

2013 ve 2018 yillarina ait alinmis Beysehir Golii gevresini kapsayan, Landsat uydu
goriintiisiine NDWI analizi yapildiginda goliin giiney kisminda (Beysehir merkez bati
kismi) NDWI pozitif deger veren (> +0.56'dan 0,43’e) alanlarda 0.6 km’lik yerel su
cekilmesi oldugu goriilmektedir. Kiyakdede koyiiniin giineybati kisminda, cesitli
adaciklarin olustugu izlenmektedir (Sekil 7).

2013 ve 2018 yillarina ait yapilmis NDWI analiz sonuglarma ArcGIS 10.5
programinda degisim analizi yapildiginda 1 numara ile isaretlenen alanda kirmizi renk
ile ifade edilen su c¢ekilme bolgesi goriilmektedir. Cekilmenin oldugu (Kireli
Cumbhuriyet'ten Akburun’a kadar olan) alanda yogun tarimsal faaliyet gozlenmektedir.
Cekilme tiim hat boyunca devam etmektedir.

Goliin gliney kisminda isaretlenen 2 numarali bolgede sudaki g¢ekilme yogun
tarimsal faaliyetin oldugu Beysehir merkeze yakin alanda bulunmaktadir. Suyun
¢ekildigi alanin kars1 kiyisinda bulunan 3 numarali bolgede, Hoyran koyti sahilinde hat
boyunca devam eden ¢ekilme alani izlenmektedir.
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Sekil 7. Beysehir Golii ve ¢evresi NDWI analizi haritasi.

a) 2013 yuli Landsat uydu goriintiisii Beysehir Golii ve cevresi NDWI analizi haritast.
b) 2018 yil: Landsat uydu goriintiisii Beysehir Golii ve cevresi NDWI analizi haritast.
c) 2013-2018 yillar: Beysehir Golii ve cevresi NDWI degisim analizi haritast.

4. TARTISMA

Yapilan calismada Landsat-8 uydu goriintiilerinden yararlanilmigtir. Uzaktan
algilama calismalarinda zamansal ¢oziiniirliik, calisilan alandaki verilerin takip
edilebilmesi igin kritik dneme sahiptir. Bu sebepten iki yil araliginda (2013 ve 2018)
olusan degisiklikler kacirilabilmektedir. Devam niteliginde yapilmasi muhtemel
¢alismalarda, 2013 yil1 6ncesinin uydu goriintiileri kullanilarak zamansal degisime dair
daha kapsamli sonuglar elde edilebilir.

Alani detayli bir sekilde calismak icin uydu goriintiilerinin bagladig: yillar dikkate
alinir ise 1984 yilindan giintimiize her y1l i¢cin uydu gortintiisii alinarak analiz yapilabilir.
Detayli zamansal ¢oziiniirliigiin olacag calismada, kiiresel 1sinma verileri de dahil
edilerek (yillik ortalama yags, sicaklik, riizgar verileri) gollerin sicaklik artisina verdigi
tepki gortilebilir. Ayni zamanda gevresel degisimlerin, tarim alanlarinin artisi-azalisi ve
arazi kullanimlar ile de yillik uydu goriintiisiindeki veriler eglestirilebilir. Bunun
yaninda gelecek projeksiyonlar: i¢in her bir goliin derinlik haritas: analiz ¢alismasima
eklenir ise goliin suyunun gekilmesinin gol yiizeyinde nerelerden olacag belirlenebilir.
Bunun yami sira sulak alan yonetimindeki karar mekanizmasmin daha verimli
calismasina katki saglayabilir. Dogru ¢alisan karar mekanizmasi ekosistemin korunmasi
ve stirdiiriilebilirligi i¢in oldukca 6nemlidir. Ayrica uygulanan tarim politikalarindaki
sorun ve aksakliklar yapilan zamansal degisim analizleri ile dogru bir sekilde tespit
edilebilir. Yapilan bu tespitler, tarimsal faaliyetlerde planlama siireclerine girdi olarak
kullanilabilir.
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Goliin ekolojik siirdiirebilirliginin saglanmas: igin oncelikle yagis etkinligi gibi
dogal faktorler onemlidir. Bunun yaninda arastirmada bahsi gegen (Egirdir, Yarisl,
Burdur ve Beysehir) gollerinin ¢evresinde beseri baski net bir sekilde goriilmektedir. Bu
bolgede 6zellikle yiizey sularmin korunmasi i¢in tarimsal kullanimlarda su tiiketimini
azaltmak igin su gereksinimi az olan tiirlere agirlik verilmesi ve diger taraftan tarimsal
sulamada yiiksek verimli sistemlerin tercih edilmesi uygun olacaktir. Gollerin
cevresinde yasamini siirdiiren insanlarin sulak alanlarin korunmasina iliskin biling
diizeyinin artirilmasi gerekmektedir. Sonug olarak siirdiiriilebilir tarimsal uygulamalar
ve insan sulak alan etkilesiminin dogru olmasi, gogmen kuglarin da ugrak yeri olan bu
alanlar igin kritik derecede 6nemlidir. Aksi takdirde sulak alanlarin stirdiiriilebilir bir
sekilde korunabilmesi ve yonetim planlarinin uygulanabilir olmasi da miimkiin
olmayacaktir.
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