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Resilience Dergisi

Resilience (Direnclilik), “Tehlikelere maruz kalmis bir sistemin, toplulugun veya
toplumun, kendi temel yapilarini ve islevlerini koruma ve onarma dahil, bir tehlikenin etkileri
karsisinda zamaninda ve etkin bir sekilde direnme, sogurma, uyum gelistirme ve iyilesme
becerisi” olarak tanimlanmaktadir, UN Office for Disaster Risk Reduction (UNDRR).

Eskisehir Teknik Universitesi tarafindan yaymlanan Resilience dergisi, Birlesmis Milletler
Strdiiriilebilir Kalkinma Amaglarin1 esas alan direncglilik ve afet yonetimi ile ilgili
arastirmalarin degerlendirilmesi ve ulusal/uluslararas1 literatiir ile paylasilmasina imkan
saglayan bilimsel bir siireli yayindir.

Resilience (Direnclilik) dergisi, sistemlerin ve yasam alanlarinin karsi karsiya kaldigi doga
ve insan kaynakli tehlikelerin afetlere donlismemesi icin risk yonetimi odakli yaklagimlar
gelistirilmesine katki saglamay1 amagclar. Dergi, kapsayici, giivenli, direngli, siirdiiriilebilir
kentler i¢in 6zellikle ¢ok disiplinli, disiplinler arasi ve disiplinler {istii arastirmalar1 bilimsel
literatiire kazandirir. 2017 yilinda yaymlanmaya baslayan dergi yilda 2 sayir ¢ikartilan,
uluslararas1 hakemli dergi olup yil i¢inde glincel konularda da 6zel sayilar ¢ikarmayr amaglar.

Dergi, TUBITAK ULAKBIM DergiPark Akademik catis1 altinda yer almaktadur.

Resilience is defined as “The ability of a system, community or society exposed to
hazards to resist, absorb, accommodate, adapt to, transform and recover from the effects of a
hazard in a timely and efficient manner, including through the preservation and restoration of
its essential basic structures and functions through risk management”, UN Office for Disaster
Risk Reduction (UNDRR).

The journal Resilience, published by Eskisehir Technical University is a scientific periodical
that allows the evaluation of research on resilience and disaster management based on the
United Nations Sustainable Development Goals and sharing them with national/international
literature.

The journal, which is published twice a year, is an international peer-review journal and aims
to publish special issues on current hot topics during the year.

The journal is available on the TUBITAK ULAKBIM DergiPark Academic portal.
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Afetler ne zaman, nerede ve hangi siddette olacagi bilinmeyen, aniden ortaya ¢ikan ve etkileri
kisa ya da uzun siireli olabilen olaylardir. Bu sebeple hem toplumun yasam standartlari sekteye
ugramakta hem de dogaya zarar vermektedir. Afet yagandiktan sonra afetten etkilenenlerin
yiyecek, kozmetik, barinma gibi en temel ihtiyag malzemelerini hizli bir sekilde temin
etmelidir. Bu nedenle afet lojistiginde hazirlik, miidahale ve miidahale sonrasi kurulacak etkin
lojistik sistemi gerekmektedir. Afetzedelerin ihtiyaglarinin temini igin depolarin dogru
karar verme (CKKV) problemi ele almmustir. Omek uygulama olarak Bursa ili tercih
edilmigtir. Bursa, fay zonlarina yakinligindan dolay1 deprem olasiligr bakimindan 1. kusak
illerindendir. Bunun yani sira niifus bakimda Tiirkiye'nin 4. en kalabalik sehridir. Sanayi
bakimindan Marmara bolgesinde 6nemli bir durumdadir. Marmara bélgesini Anadolu’ya
baglayan 6nemli bir konumdadir. Beklenen Marmara depremi igin de konumlandirilacak
deponun yeri 6nemlidir. Ele alinan problemin ilk agamasinda depo yeri se¢imi igin kriterlerin
belirlenmesi, ikinci asamasinda bu depolara uygun lokasyonlarmn segilecek olan ilgelerin
nereler olabileceginin tespiti, li¢lincli asamada ise alternatif il¢elerin siralanmasi yapilmistir.

Abstract

Disasters are events that occur suddenly, when, where and how severe they are not known,
and whose effects can be short-term or long-term. For this reason, both the living standards of
the society are disrupted, and they harm nature. After a disaster, the most basic needs of those
affected by the disaster such as food, cosmetics and shelter must be provided quickly. For this
reason, in disaster logistics, an effective logistics system to be established for preparation,
response and post-intervention is required. Correct positioning of warehouses is necessary to
meet the needs of disaster victims. In this study, the problem of warehouse location selection
with multi-criteria decision making (MCDM) in disaster logistics is discussed. Bursa province

*Correspondingauthor, e-mail: tamereren@gmail.com
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Warehouse Location Selection In Disaster Logistics

meet the needs of disaster victims. In this study, the problem of warehouse location selection
with multi-criteria decision making (MCDM) in disaster logistics is discussed. Bursa province
was preferred as a sample application. Bursa is one of the first-zone provinces in terms of
carthquake probability due to its proximity to fault zones. In addition, it is the 4th most
populous city in Turkey in terms of population. It is in an important position in the Marmara
region in terms of industry. It is in an important position connecting the Marmara region to
Anatolia. The location of the warehouse to be positioned is also important for the expected
Marmara earthquake. In the first stage of the problem considered, the criteria for choosing a
warehouse location were determined, in the second stage, the districts where suitable locations
for these warehouses would be selected were determined, and in the third stage, the alternative
districts were ranked.

1. GIRIiS/INTRODUCTION

Afetler; deprem, sel, yangin, heyelan vb. olmak {izere insanlarda kalic1 yikimlara sebep olan olaylardir.
Insan1 sadece maddi olarak degil manevi olarak da derinden etkilemektedir. Afet igin yapilmasi
gerekenlerden biri de afet dncesinde 6nlem alinmasidir. Afet yasandiktan sonra koordineli davranmak
en 6nemli islevlerden biridir. Thtiyaglarin ilk anda karsilanmasi, ihtiyag malzemelerine ulasimin
saglanmasi ve depolarin islevsel hale getirilmesi ele alinacak 6nemli problemler arasindadir (Ergiinay,
2002).

Lojistik; lojistik kavrami tedarik¢i — tesis ya da tesis- miisteri arasindaki istenen tirliniin, olmasi gereken
yerde, uygun sartlarda, yeterli miktarda, gereken zamanda ilgili miisteri ve maliyetle arasindaki tagima
olarak degerlendirilir (Russell, 2000). Afet lojistigi ise, afetler sonucu zarar gdrmiis insanlarin,
ihtiyaclarina aninda cevap verip ulasabilmek igin ilk andan son ana kadar ¢alisma yiiriitiilen alandir.
Ihtiyaglara gore planlama yapilan buna gore siire¢ yonetimi ve asamalar1 uygulanir. Afet lojistiginde bir
onemli nokta ise, yasanilan afetin biiyiikliigli, afetin gerceklestigi cografya ve etkilenen kisi sayisina
gore tedarik zinciri olusturulmasidir. Afet sonrasinda koordinasyon ne kadar giizel saglanirsa, afet
lojistigi ile tedarik zinciri de o kadar iyi saglanir.

Afet lojistigi, afet ve olaganiisti durumlardan etkilenen afetzede kisilere en temel ihtiyag
malzemelerinin ulastirilmasinin yani sira ilgili bilgilerin planlanmasi ve kontroliinii igeren proses olarak
tanimlanmaktadir (Tomasini ve Wassenhove, 2009). Afet lojistiginde lojistigin temel yedi dogrusunda
dogru maliyet prensibi hari¢ geri kalan dogru prensipleri uygulanmaktadir. Afet lojistiginde malzeme
tedarigi, depolama, dagitim, ihtiya¢ aninda teslimati, bilgi sistemleri; talep ve ihtiya¢ gibi temel
elemanlar1 kapsamaktadir. Insani yardim lojistiginde; ihtiyag sahibi kisilere gerekli acil olan gida, giyim,
barinma, ilag ve hijyen malzemelerinin akis1 gergeklesmektedir. Afetlerin meydana geldigi cografyanin
biiylikliigi lojistik faaliyetleri de etkilemektedir.

Afet lojistigi 3 kistmda degerlendirir ve kendi igerisinde bdliimlere ayirarak degerlendirmektedir.
e Afet Oncesi afete hazirlik asamasi
e Afet aninda miidahale asamasi
e Miidahale sonrasi lojistik faaliyetler

Afet oncesi afete hazirlik siireci

e Afet aninda olabilecek senaryolar1 planlama

e Varsayimlara gore satin alma

e Planlanan siirecin nakliye yonetimi

e Depo yonetimi
Acil durumlarda ve olmasi beklenen afetlerde hazir bulundurmak i¢in en gerekli ihtiyag
malzemelerinin stoklanmasi ve hazir edilmis halde bekletilmesidir. Bu depolarin gereken
hizmeti verebilmesi i¢in gerekli konumda ve arazide, dogru binalarda ve uygun calisma
alanlarinin saglandig1 depo alanlarinda olmalidir.
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Afet aminda miidahale siireci
e Afetin 6n degerlendirme siireci ve bolgenin ihtiyag¢larinin tespiti
e Lojistik planlamanin yapilmasi ve uygulanmasi
e Afetle miidahale siirecinin izlenmesi, degerlendirilmesi ve raporlanmasi

Miidahale asamasindan sonra lojistik siireci
e Malzemelerin toplanmasi ve bakim siireci
e Planlama
e Gozlemleme, degerlendirme ve raporlama

Asamalar dikkate alinarak, afet sonrasinda belirlenen ihtiyaglara gore yapilacak olan depo yer se¢imi
icin ¢alisma yapilmasi gerekmektedir. Depo yer secimi i¢in kriterler ve alternatifler degerlendirilmesi
on goriiliir (Pektas ,2012; Tanyas, 2012).

Depolarin kullanilacak malzemeye gore 6zelliklerinin segilmesi ve buna bagl olarak konumlarinin
ayarlanmasi, tiim bu faktorlerin her biri ¢ok dnemli kriterlerdir. Genel olarak kabul edilen standartlara
uydurmak ve beklenen dzelliklere sahip olmasi ugrastirict ve zahmetli bir ugrastir. Ama beraberinde
giizellikler ve kolayliklar da saglamaktadir.

Depo yer secimi problemi, bir sirketin ya da bir organizasyonun depolama ihtiyaglarini karsilamak icin
en uygun depo yerini belirleyen bir karar verme siirecidir. Depo yeri segerken goz onilinde alinmasi
gereken cesitli faktorler vardir. Bunlardan bazilan tedarik zinciri agi, miisteri konumlari, tedarikgilere
olan uzakliklar, ulasim, altyapi, g¢evresel riskler ve maliyetlerdir. Depo yer se¢imi problemi bir
optimizasyon problemi olarak ele alinmaktadir. Belirli kriterler ve alternatifler belirlenerek en uygun
depo yerini tespit etmektir. Matematiksel model ve optimizasyon yontemleri kullanilarak sonug elde
edilmeye calisilmaktadir.

Depo yer secimi problemi bir organizasyonun lojistik ve tedarik zinciri yapisinin temel yap1 tagidir. Bu
nedenle dogru sekilde ele alinmasi ve planlanmasi 6nemlidir. Depo yer se¢imi problemi oldukca sik
karsilagilan ve iizerinde ¢alismalar yapilan bir konudur. Afet lojistiginde de 6nemli yere sahiptir. Afet
lojistiginin ilk asamasi olan hazirlik asamasinda depo yonetiminin ilk temelidir. Bir deponun nereye ve
hangi kriterler dahilinde yapilacagi afet aninda ve sonrasinda biiyiik 6nem tagimaktadir. Depo yer se¢imi
problemi ile deponun kurulacagi en dogru yerin neresi olacagt CKKV yontemleri ile deterministik
olarak bulunabilir ve afet sonrasi ihtiya¢ duyuldugunda kullanima hazir olabilmektedir. Gegici afet
depolarinda ise durum afet sonrasinda giivenli ve ulasimi kolay bdlgelere yerlestirilip afet siiresinde
ihtiyaclarin karsilanmasini saglamaktir (Tezcan, Alakas, Ozcan ve Eren,2023).

Yapilan caligmada afet sonrasinda, ilk anda ihtiya¢ duyulan malzemelerin teminini kolaylastiracak
sistem gelistirilmek hedeflenmistir. [htiyag duyulan malzemelerin ilk etapta tespit edilmesi, kategorilere
ayrilmasi ve kategorisine gore depo se¢imi yapilmasi da temel hedefler arasinda yer almaktadir.
Depolarin nasil olmasi1 gerektigini, nerede ve hangi 6zelliklerde bulunmasi gerektigini belirlemek
onemlidir. Asil amag, kisilerin ihtiya¢ duydugu malzemeye kolaylikla ulasip istedigini istedigi zaman
alabilmesidir.

Caligmada deprem risk orani yiiksek olan Bursa ili i¢in uygulama yapilmigtir. Gergeklestirilen literatiir
taramasi sonucunda Bursa ilinde ilin afetselligi de dikkate alinarak afet lojistigi kapsaminda depo yer
secim probleminin ele alindig1 baska bir ¢calismayla karsilasilmamistir. Caligmada ¢ok olgiitlii karar
verme (CKKYV) yontemleri kullanilmigtir. Bu ydnteminin kullanilmasimnin temel sebebi ise farkli
alternatif ve kriterleri karsilagtirip siralama imkani sunuyor olmasidir. Gegici afet deposunun hangi
ilceye yapilabilecegi CKKV yontemlerinden olan AHP, PROMETHEE ve TOPSIS yontemleri ile
incelenmigtir. AHP yoOntemi, literatiirde karmasik karar problemlerini basitlestirme, karsilastirmali
degerlendirme, esneklik ve uyarlanabilirlik, tutarlilik kontrolii ve dogru sonuglar elde etme gibi
Ozellikleri nedeniyle sik¢a kullanilmaktadir. Bu yoOntemle, depo se¢imi igin gerekli kriterler
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belirlenmistir TOPSIS, ideal ¢béziime en yakin alternatifleri belirleyerek kolay ve objektif bir
degerlendirme sunarak, hizli ve anlasilir sonuglar elde edilmesini saglar, PROMETHEE ise, alternatifler
arasindaki tercihleri ve kargilagtirmalar1 daha esnek bir sekilde ele alarak tercih fonksiyonlari kullanarak
siralamalar sunar. Bu nedenlerle ¢alismada TOPSIS ve PROMETHEE yontemleri ile depo yeri i¢in
uygun illerin siralamasi yapilmistur.

2. LITERATUR/LITERATURE REVIEW

Depo yer se¢imi problemi iizerinde calisilmig ve farkli 6rnekler kullanilmistir. Yapilan literatiirdeki
caligmalar incelenmis ve 6zetlenmistir.

Kocak ve Yavuz (2012), afet sonrasi insani yardim malzemelerinin ihtiyag sahiplerine ulastirilmasi i¢in
havayollarini iyilestirme ve planlama 6nerileri vermiglerdir. Caglar ve Kusguoglu (2013), afet yonetimi
tamimin1 yaparak isleyisine ve siireglerine yer vererek insani yardim lojistigini ortak konuda
toplamuslardir. Tanyas, Giinalay, Aksoy ve Kiigiik (2013), Istanbul sehri igin en biiyiik zarar verebilecek
afet tehlikesini tasiyan deprem sonrasi igin bir lojistik yoOnetim modeli Onerilmektedir. Model;
tagimacilik, haberlesme, altyapi, depolama, kamu ve 6zel kuruluslarla koordinasyon, enkaz kaldirma ve
saglik personel hizmetleri faaliyetlerini kapsamaktadir. Onerilen model Istanbul’un bir ilgesinde
uygulanmuslardir. Onsiiz ve Atalay (2015) calismalarinda, afet lojistiginin asamalarmni hazirlk,
miidahale oncesi ve sonrasi seklinde agiklamislardir, Ergin (2016), afet sonrasi depo yeri se¢imi
problemi ele almistir. Tiirkiye’de meydana gelecek afet durumunda, afetten etkilenenlerin en temel
ihtiyaglarinin giderilmesi icin gerekli olan malzeme ve ekipmanlarin tutulacagi yerlerin belirlenmesi
orneklere de yer verilerek analiz etmls, lojistik ve tedarik zinciri, afet ve acil durumlar, devlet ve 6zel
kurumlar, goniillii vakiflar, bagis organizasyonlari karsilastirmistir. Aydin, Ayvaz ve Kiicilikasc (2017),
afet lojistigi kapsaminda ihtiya¢ noktalarina acil yardim malzemelerinin en kisa siirede ulastirilmasini
saglayan afet lojistik depolarinin yer se¢imi problemi ele almuslardir. Ele alinan problem i¢in iki asamali
biitiinlesik bir model onerilmistir. Onerilen model Istanbul ilinin Maltepe ilgesinin afet lojistik
depolariin yer se¢imi problemine uygulanmiglardir. Sen ve Esmer (2017), afet lojistiginde, etkin bir
planlama ile zarar gérmiis ihtiya¢ sahiplerinin ihtiyaglarini kargilamak amaciyla ihtiya¢ duyulan her
seyin uygun zamanda uygun yere ve uygun kisilere ulagtirilmasi siirecinde 6rnek bir uygulama
yapmistir. Temur, Turgut, Yilmaz, Arslan ve Camci (2018), deprem yasandiktan sonra hayatta kalmis
kisilerin, acil ihtiya¢ duyulan temel insani malzemelere erisiminin en kisa zamanda temin edilebilecegi
bir planlama yapmaktir. Bu dogrultuda AHP yontemi kullanilarak duyarlilik analizi yapmislardir. Coban
(2019), afet yasandiktan sonra iyilestirme ¢alismalarinin yararli olabilmesi i¢in afetten dnce olabilecek
bir afet bolgesi secerek afet sonrasi iyilestirme planlarini nasil olabilecegi usul ve esaslar1 belirlemek ve
iyilestirme planinin taslagini ve hangi kurulus tarafindan ydnetilecegi lizerine bir ¢alisma yapmustir.
Ulugerger (2021), tedarik zinciri planlamasinin hem sivil toplum kuruluslarinda hem de kamu
kurumlarinda nasil uygulandig1 gézlemlenmistir. Caligma, iilkemizde afet yonetiminde gorevli olan
kurum ve kuruluslarda bulunmus katilimcilar ile nitel arastirma yontemi ile veri toplayarak
derinlemesine goriisme teknigi kullanilarak gerceklestirilmistir. Kalkan (2022), Tiirkiye aktif fay hatlari
bulunan bir iilkedir. Bu illerimizden biri Usak'tir. Bu ¢alismada olasi afet aninda toplanma alanlarinin
sayist ve yeterlilikleri lizerine degerlendirme c¢aligmasi yapmistir. Sipal (2023), iilkemizde yakin
zamanda yasamis oldugumuz son derece iiziicii ve ¢ok fazla kaybimiz oldugu depremin genel
incelenmesini, lojistik acisindan yeterlilik ve koordinasyon ¢alismasi yapmistir. Meral, Kayali, Kabay
ve Avct (2023), birgok afet riskiyle siirekli karsi karsiya kalmasindan dolay1 ¢alismalarinda Bingdl'i
uygulama ili olarak almiglardir. Japonya'da kullanilan politikalar 6rnek alinarak, yesil alanlarin en ¢ok
kullanildig1 ve en ¢ok ihtiya¢ duyulan alanlar oldugu kanisina varilarak yeterlilik caligmas1 yapmiglardir.
Tezcan, Alakas, Ozcan ve Eren (2023), deprem olmadan 6nce depolarin konumu analitik yontemlerle
belirlenmelidir. Bu nedenle 43 ile baglantisi olan Kirikkale ilinde gegici depo yeri se¢imi problemi ve
arag¢ rotalama problemleri yapilmistir. CKKV yontemleri kullanilarak bu ¢alisma ile ilgili sonuglar elde
etmislerdir. Literatiir taramasinin toplu olarak gosterimi Tablo 1’°de verilmistir.
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Tablo 1: Literatiir Taramasi

YAZAR BASLIK KONU YONTEM
Kogak ve Yavuz | Havalimanlarinin afetlere | Havayollarinin iyilestirilmesi ve | Nitel Degerlendirme
(2012) hazirlanmasi planlanmasi ile insani yardim
malzemelerinin ihtiyag
sahiplerine ulastirilmasi
Kuscuoglu ve | Insani yardim ve lojistik | Afet yonetimi tamimi yapilarak, | Nitel Degerlendirme
Caglar (2013) yoOnetimi isleyisi ve siirecleri ile insani
yardim lojistigi konular1
Tanyas, Giinalay, | istanbul  ilinde  olasi | Istanbul'da deprem sonrasi igin | Nitel Degerlendirme
Aksoy ve Kiiclik | deprem sonrasi lojistik | onerilen lojistik yonetim modeli,
(2013) yonetimi  lizerine  bir | tasimacilik, haberlesme, altyap,
calisma depolama, kamu ve Ozel
kuruluslarla koordinasyon,
enkaz kaldima ve saglk
hizmetleri faaliyetlerini
kapsamaktadir.
Onsiiz ve Atalay | Afet lojistigi Afet lojistiginin  asamalari: | Nitel Degerlendirme

(2015)

hazirlik, miidahale Oncesi ve
sonrasl.

Ergin (2016) Afet lojistiginde depo yeri | Tiirkiye'de afet durumunda, | Kiimeleme Analizi
se¢im probleminin | afetten etkilenenlerin
optimizasyon ve | ihtiyaclarinin giderilmesi icin
kiimeleme teknikleri ile | malzeme ve  ekipmanlarin
¢oziilmesi tutulacag1 yerlerin belirlenmesi.
Becerikliler (2017) | Afet ve insani yardim | Tirkiye'deki afet lojistigi diinya | Nitel Degerlendirme
lojistigi capindaki orneklerle
kargilagtirillmis;  lojistik  ve
tedarik zinciri, afet ve acil
durumlar, devlet ve 0Ozel
kurumlar, goniillii vakiflar, bagis
organizasyonlar1 analiz
edilmistir.

Aydin, Ayvaz ve
Kiigiikage1 (2017)

Afet yonetiminde lojistik
depo

secimi problemi:
maltepe ilgesi 6rnegi

noktalarma acil yardim
malzemelerinin  ulastirilmasini
saglayan afet lojistik depolarinin
yer se¢imi problemi ve Istanbul
Maltepe ilgesi 6rnegi.

Kiime kapsama modeli,
p-medyan problemi

Sen, Esmer (2017)

Afet lojistigi:
bir literatiir taramasi

her seyin uygun zamanda, uygun
yere ve uygun kisilere
ulastirilmasi  siireci ve Ornek
uygulama

Literatiir taramasi

Temur, Turgut, | Deprem sonrasi | Deprem sonrast hayatta kalan | AHP, P-  medyan
Yilmaz, Arslan ve | planlamaya yonelik kisilerin temel insani | modeli
Camc1 (2018) Lojistik ag tasarimi: malzemelere erigiminin en kisa
Umraniye bolgesinde | zamanda saglanmasi icin AHP
farkli deprem senaryolar1 | yontemi kullanilarak yapilan
icin bir uygulama duyarlilik analizi.
Coban (2019) Afet Sonrasi lyilestirme | Afet sonrasi iyilestirme | Nitel Degerlendirme

Planm1 Hazirlanmasi

planlarinin taslaginin ve yonetim
esaslarinin belirlenmesi {izerine
calisma.
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Ulugergerli(2021) | Afet  Tedarik  Zinciri | Tedarik zinciri planlamasmin | Nitel arastirma
Yonetimi: ~ Nitel  Bir | sivil toplum kuruluslarinda ve
Arastirma kamu kurumlarinda nasil
uygulandiginin gézlemlenmesi.
Kalkan (2022) Usak Kentinde Belirlenen | Tiirkiye'de olast afet aninda | Belirlenen  kriterlere
Afet ve | toplanma alanlarinin sayis1 ve | gore alternatif alanlarin
Acil Durum Toplanma | yeterliliklerinin degerlendirilmesi
Alanlarmin degerlendirilmesi, Usak ili
Yeterliklerinin Ornegi
Degerlendirilmesi
Sipal(2023) 6 Subat 2023 Depreminin | 6 Subat 2023 depremi genel | Nitel Degerlendirme
Afet Yonetim | incelemesi, lojistik agisindan
ve Deprem Lojistigi | yeterlilik ve  koordinasyon
Acgisindan caligmasi.
Degerlendirilmesi
Meral, Kayali, | Bingdl Kenti Acik Yesil | Bingdl'deki afet yonetimi ve | Anket, Senaryo
Kabay ve Avci | Alanlarmin Dogal Afetlere | Japonya'da kullanilan | Calismalar1
(2023) Hazirlk Durumlar1  ve | politikalarin 6rnek alinarak yesil
Leke Senaryolari alanlarm  kullanim yeterliligi
caligsmasi
Tezcan,  Alakas, | Afet Sonrasi Gegici Depo | Deprem  6ncesi  depolarin | AHP, BAHP, TOPSIS,
Ozcan ve Eren | Yeri Secimi ve Cok Aracli | konumu ve ara¢ rotalama | PROMETHEE,
(2023) Arag Rotalama | problemleri, Kirikkale ili 6rnegi | VIKOR
Uygulamast: Kirikkale | ve analitik yontemlerle ¢oziim
flinde Bir Uygulama oOnerileri.

Gergeklestirilen literatiir analizi dogrultunda depo yeri secimi probleminde Bursa ili 6zelinde bir
calismaya rastlanmamistir. Bursa ili Marmara bdlgesinde Istanbul dan sonra gelen en biiyiik en dnemli
sehirdir. Deprem riskinin de fazla oldugu Kuzey Anadolu Fay Hattinda bulunan Gemlik kérfezinin
bulundugu 7’nin iizerinde deprem iiretme potansiyeline sahip fay hattinin iizerinde bulunmasi nedeniyle
caligma da Bursa ili tercih edilmigtir. Caligmada Bursa iline ait ilgeler CKKV yontemleriyle belirlenen
kriterlere gore degerlendirilerek bu il i¢in uygun depo yeri secilmistir. Caligmanin bu yonleriyle
literatiire katki saglayacagi diisiiniilmektedir.

3. YONTEMLER / METHODS

Cok kriterli karar verme yontemleri ( CKKV), tayin edilen alternatiflerin ve kriterlerin secilme
smiflandirma, siralama, eleme ve 6rneklendirme yaparak ¢cogunlukla agirliklandirarak, nitel 6zelliklerle
degerlendirilebilen ve birbirleriyle uygun sayilarla degerlendirilmesidir Bu problemin ¢6ziimiinde AHP
(Analitik Hiyerarsi Prosesi), PROMETHEE (The Preference Ranking Organization Method for
Enrichment Evaluation) TOPSIS (Technique for Order Preference by Similarity to Ideal Solution)
yontemleri kullanilmistir. AHP yontemi ile kriter agirliklari elde edilmis, TOPSIS uygulamasi; yontemin
rahat olmasi ve nicel olgulara yardimei oldugundan dolay1 kullanilmistir. Bir baska 6zelligi ise daha
yalin olmasi sebebi ile alternatifler siralanirken TOPSIS uygulamas: kullanilmistir. PROMETHEE
uygulamasi; karar vericiler probleme gore tercih fonksiyonu segebilmeleri, kriterlerin 6nem agirliklari
gdz Oniline alindiginda maksimum-minimum degerlendirme agisindan alternatiflerin siralamasi
yapilirken secilmistir (Kiitiik¢ii ve Eren, 2017). Caligmada etik kurul izni gerektiren veriler
kullanilmamustir.

3.1 AHP

AHP yontemi ile kriterlerin agirliklandirilmasi, alternatiflerin siralanmasinin yani sira kalite yonetimi
dogrusal programlama gibi analitik yontemlerle kullanimi yiiksek literatiirde uygulama alani genis
birgok kriterli karar verme yontemidir (Kiitiik¢i ve Eren, 2017). Caligmamizda olast bir deprem
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sonrasinda kurulacak olan depolarin kriterleri agirliklandirilmistir. Saaty (1980) tarafindan gelistirilen
bu yontem ile kriterler belirli bir hiyerarsiye gore diizenlenmekte, agirliklar hesaplanmaktadir. Y dntem
adimlari agagida sunulmustur.

Tablo 2: Saaty 1-9 Skalasi

Onem Degerleri Deger Tamimlan

1 Esit derecede anemli

kKismen daha dnemil

ok daha dnemli

Kurevetli derecede dnemii

| - | W

kesinlikle daha dnemli

2468 Ara degerler

olugturulmast

¥
Adim 2: Kriter we alternatiflerin kendi aralannda kil kargtlagtirma vapilmas
’ﬂ_}l s a:?‘”_
Bpi "0ty
)

‘ Adm 1: Problemin beliflenmesi ile hedef loiter we atermatifler arasndala hiverarg mndell

v
Adim 3: Karplagtirma sonuglan normalestinilerel iz weltorler bulunmas

{1

__ 8y _ by

bf}' _ﬁl_lﬂijrw - " (2)
(3

L 4
Admm 4 Agililkdarin ve tutarlilik orantmin bulunmas: (CR=0,10 iz matris tutarsiz kabul edilir)
CR=CI/RI

J

denklemi kullanilmaktadir. Bu denklemde en

Sekill: AHP adimlar
Figurel: AHP steps

Amax-n

Tutarlilik indeksini (CI) hesaplamak igin £f =
biiylik 6z vektor degerini Amax, matrisin eleman sayist n harfine karsilik gelmektedir. CR (tutarlilik
orani) i¢in ise, £R = g islemi kullanilir. Rassal indeks oranini RI olarak gosterilmektedir. RI degerleri

Tablo 3’te verilmistir.

Tablo 3: Rl Degerleri
n 1 2 3 4 5 6 7 8 9 10 11 12 13
RI 0 0 058 090 1.12 124 141 145 149 151 148 156 0
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Ikili karsilastirma matrislerinde tutarlilik orani 0,10’dan az oldugunda matris tutarhdir (Kiitiik¢ii ve
Eren, 2017)

3.2 TOPSIS

TOPSIS yontemi; uygulamasinin basit olmasi ve nicel dlgiilerle desteklemesi nedeniyle tercih edilmistir.
Bununla beraber anlagilir olmasindan dolay1 ile uzman kisilerin bu yontemi kolay anlamasini
¢ozlimlemesini ve yorumlayip belli bir sonuca varmasini saglamaktadir. Yontem adimlan sekil 2 de
sunulmustur (Tezcan, vd.2023).

Adim 1: Karar matrisimn olugturolmast: Satd arda siral atenal istenen alternatiflerin situnl anndaise
karar etlaleyecek kniterlenn ol dugu baslangig matnisi olugturulmas

matn s olugturulimast
=

Ty =
Evi?m Eéj

/’ Adim 2; Standart karar matn sinin olugturulmas: Asafidald egtlik kullaml arals standart karar
)]

o

/Adjm 3 Adirlidds standart karar matnsinin Ulusm;"ulmam: KEnter degerlendinlebilmest 1pim agirlik }

oranlan belirlendilten sonra agagida gistenldif @bt her afirhl degen standart karar mamsinde yer
alan 1lgili kriterlenn degertyle carplir. Baylelilde afirhikl standart karar matnia elde edilir

Wiy =Wy X TV, LW (3

N

Admm 4: Ideal (4") ve negatifideal (A7) u;ﬁziim.leﬁn olugturulmas: Kriterlerin monoton artan ve
azalan edilim gosterdigi varsayimyla afidikdi karar matnsindeki deferler arasindan maksimum we
miniroum olanlar agagidala egitliklerde gosterildid gibi tespit edilir,

A" = (max, Vid] € J), (ming, Vigd] €1) ()

AT = (min, Vi;i} € ), (max, V] € J) 7

v
'/ Adim S Aynm olgitlenn hesaplanmas: Agadidald eatlil kullamlaralk matristela her bir karar \
noltasimn kriter deferlenmin tded ve negatifideal gizime olan uzdkliklan hesaplanir

st= [TV -V ()

5= (BEalVy - V) e
N\ 4

v
Adim 6: ideal cozime gareli vakinlifin hesaplanmasa: Aynm dlgitlent kullamlarak ideal goziim gareli
yalanlik agad ddka esthlk vardirmyla hesaplamr

. _ 5
&= s+s; (1o

Sekil2: TOPSIS Adimlar
Figure 2: TOPSIS Steps
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3.3 PROMETHEE
PROMETHEE yontemi; karar vericilerin problemin 6zelliklerini dikkate alarak tercih fonksiyonu
secebilmeleri ve kriterlerin 6nem derecelerine dikkat ederek maksimum-minimum degerlendirme

yapabilmesi yoniinden tercih edilmistir (Asoglu ve Eren,2018). Yontemin adimlari adim 1, adim 2 ve
sekil 3 de sunulmustur.

Admm 1: Her kriterin agirhgi w = (wl, w2, ..., wk) ve kriterlerlerin ¢ = (f1, f2, ..., fk) ile
degerlendirmeye alinan alternatiflerin A = (a, b, c, ...) veri matrisi, Tablo 4‘te verilmistir.

Tablo4: Veri Matrisi

Degerlendirme faktorleri

fi fo fz fi
f1(4) f2(4) f3(4) fi(A)
Karar f1(B) f2(B) f5(B) fi(B)
Noktalar £.(0) f2() f:(0) fi(©)
Agirliklar w; wy Wy W3 Wy

Adim 2: Yontemin uygulama adiminda kullanilmasi i¢in 6 farkli tercih fonksiyonundan biri tercih edilir.
Bu 6 tercih fonksiyonu Tablo 5°te verilmistir.

Tablo 5: PROMETHEE Yonteminde Kullanilan Fonksiyonlar

Tip Parametreler Fonksiyon
Birinci Tip (Olagan) - _ (0 Vx <0
P&) {1 Vx> 0
Ikinci Tip (U-tipi) 1 _ (0 x<1
Peo={ x>1
Ugiincii Tip (V-Tipi) m x x<m
P(x)=ym
1 xzm
Dérdiincii Tip (seviyeli) q.p 0 x<q
P(x)= % Sx=q+p
1 x>q+p
Besinci Tip (Lineer) S.r <q
P(x)= (x 2) s<x<s+r
x>q+p
Altinci Tip (Gaussian) e x <0
P(x)=
1- 6202 x=0
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/Adlm 3: Ortak tercih fonksiyonlarinda hareketle her alternatif ¢ifti i¢in tercih indekslerinin\
belirlenmesi

a ve b alternatiflerinin tercih indeksi wj(j=1,2,3...k) agirligina sahip k kriter i¢in esitlik (11)
deki formiil ile hesaplanmaktadir.

n(a. b) =X7-1w;.P; (a.b) (11)

. /

v
Adim 4: Her alternatif cifti i¢in tercih indeksleri belirlenmektedir. Tercih indeksi (12) nolu
formiil ile hesaplanmaktadir.

n(a. b) =Y5-1 w;. P; (a.b)/ Xj=1 w; (12)

- J

v
/Adlm 5: Alternatifler i¢in pozitif (O+) ve negatif (P-) iistlinliiklerin belirlenmesi. a alternatiﬁ\
icin pozitif ve negatif listlinliik (13) ve (14)’ da bulunan formiiller ile hesaplanmaktadir.

®*(a) = Y n(a,b) (13)
® (a) =Y (b, a) (14)

- ‘ J

;

Adim 6: PROMETHEE I ile alternatifler i¢in kismi 6nceliklerin belirlenmesi. Kismi 6ncelikler
alternatiflerin birbirlerine gore tercih edilme durumlarinin, birbirinden farksiz olan alternatiflerin
ve birbirleriyle karsilastirilamayacak olan alternatiflerin belirlenmesini saglamaktadir.

N /

(" v

Admm 7: PROMETHEE II ile alternatifler i¢in tam Onceliklerin belirlenmesi.

J

. J
Sekil 3: Promethee Adimlar:
Figure 3: Promethee Steps

4. ARASTIRMA BULGULARI VE TARTISMA / THE RESEARCH FINDINGS AND
DISCUSSION

Caligmada olmasi beklenen bir afet zamaninda afetten etkilenenlerin temel ihtiyaglarin saglanabilecegi

belirlenmesi ele alinmustir.
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Birinci asamada, depo seciminde kriterlerin olugturulmasi, ikinci asamada Bursa ilinin ilgeleri alternatif
olarak belirlenmesi, tiglincii asamada alternatiflerin kriterlere gore agirliklandirilarak aralarimdan en
uygun konumun tespit edilmesi hedeflenmektedir.

4.1 Problem Tanim

Uygulamada, afet yasandiktan sonra gorev yapacak gegici deponun uygulama yeri Bursa’dir. Bursa,
deprem olmas1 beklenen ve deprem olmasi halinde biiyiik yikimlar olacag: diisiiniilen bir bolgedir.
Dolayisiyla bu uygulama hem afetten etkilenenlerin temel ihtiyaglarmin giderilmesi hem de iilke
ekonomisi i¢in 6nem arz eder. Bu hususlar goz 6niine alinarak gegici depo yeri segilmistir. Gegici depo
yer se¢im probleminde Bursa ilinin 17 ilgesi arasindan uygun konumun belirlenmesini ele alimmustir.
Uygun ilgede gecici deponun hangi lokasyonda gorev alacagini bulabilmek i¢in yer se¢imi problemine
yogunlasilmigtir.

4.2 Alternatif ve Kriterlerin Belirlenmesi
Bursa’nin jeolojik yapisi gbz oniine alindiginda, olmasi beklenen bir afet durumunda biitiin ilgeleri
etkileyebilecegi icin Osmangazi, Niliifer, Yildirrm, Mudanya, Gemlik, inegdl, Biiyiikorhan, Giirsu,
Kestel, Harmancik, Yenisehir, iznik, Karacabey, Keles, Mustafakemalpasa, Orhaneli, Orhangazi ilgeleri
alternatif olarak secilmistir. Kriterler tespit edilirken literatiirdeki arastirmalar g6z Oniine alinarak
saptanmistir. Ana kriterler; ulagim ag1 ve erisilebilirlik, teknoloji, iletigsim, alt yapi, giivenlik, kapasite,
niifus, arazi ve egitimdir. Kriterlerin kapsamlar1 Tablo 6’da agiklanmis, alternatifler Tablo 7 de
belirtilmistir.

Tablo 6: Kriter Kapsamlar

KRITERLER ACIKLAMA

Ulasim Ag1 ve Erisilebilirlik Depoya ulasim kolayligi ve depodaki malzemelerin afetzedelere kolay
ulasim olmasi igin planlama yapilmalidir.

Teknoloji Bolgenin teknolojik anlamda yeterli olmasidir.

Iletisim Iletisim araglar1 olan telefon internet gibi araclarin yeterli seviyede
olmalidir.

Altyap1 Belediyecilik hizmetleri olan su, elektrik, dogalgaz ve kanalizasyon yapisi

yenilenmis geligsmis olmalidir.

Giivenlik Afet sonrasi bolge giivenligi saglanmalidir.
Kapasite Deponun kapasitesi afetten etkilenenlere yeterli olmalidir.
Niifus Afetten etkilenebilecek afetzedelerin sayisi niifus yogunluguna gore fazla

olma olasilig1 yiiksektir.

Arazi maliyeti Kurulacak deponun maliyeti kamulastirmasi i¢in gereken maliyettir.

Egitim Afet bilinci kazanmis niifusun olmasidir.

Tablo 7: Alternatif Olarak Se¢ilen Bursa liceleri

Osmangazi Niliifer Yildirim Kestel
Keles Giirsu Mustafakemalpasa Harmancik
Orhangazi Orhaneli Gemlik Inegol
Mudanya Karacabey Yenisehir Biiyiikorhan
Iznik

4.3 Kriterlerin Agirhklandirilmasi
Bursa sehrinde olmasi beklenen bir afet yasandiktan sonra afetten etkilenenlerin temel ihtiyaclarimin
saglanmasi i¢in gecici depo yeri se¢im problemi kullanilmistir. Bu problem igin kriterler tespit edilmis,
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AHP yontem adimlar1 kullanilmistir. Kriterlerin hiyerargik semasi yapildiktan sonra Saaty’in 1-9 skalast
kullanilarak ilerlenmistir. Kriterler arasi ikili karsilagtirma matrisi elde edilmistir. Bu olusturulan
kargilagtirma matrisi Tablo 8 de belirtilmistir.

Tablo 8: AHP yéntemi ile kriterlerin ikili karsilagtirma matrisi

Kriterler Ulagim | Teknoloji | Iletisim | Altyapi | Giivenlik | Kapasite | Niifus | Arazi | Egitim
Ulasim Ag1 ve

Erisilebilirlik |1 5 5 7 7 7 7 7
Teknoloji 1/5 1 5 1/5 5 5 5 5
Iletisim 1/5 1/5 1 5 1/5 3 5 7 5
Alt Yap1 1/5 1/5 1/5 1 1/5 5 5 5 5
Giivenlik 1/7 5 5 5 1 3 7 5 9
Kapasite 1/7 1/5 1/3 1/5 1/3 1 3 3 1/5
Niifus 1/7 1/5 1/5 1/5 1/7 1/3 1 3 1/9
Arazi Maliyeti | 1/7 1/5 1/7 1/5 1/5 1/3 1/3 1 1/7
Egitim 1/7 1/5 1/5 1/5 1/9 5 9 7 1

Saaty skalasi ile ikili karsilastirma matrisi olusturulmustur. Eger CR degeri AHP yontemi sonucunda
matris tutarliligt CR <0.1 ise ikili kargilagtirma matrisinin problem i¢in tutarli oldugu kanisina varilir.
Denge olusturulmamasi halinde, ikili karsilastirma matrisine yeniden bakarak ve matristeki degerler
degistirilerek iglemlerin yeniden yapilmasi gerekmektedir. Calisma sonucunda kriterlerin agirliklar
Tablo 9 da belirtilmistir.

Tablo 9: Kriter Agirliklar

Kriterler Sonug
Ulasim  Agt  ve
Erisilebilirlik 0,321064
Teknoloji 0,140983
Tletisim 0,105347
Alt Yap1 0,082077
Giivenlik 0,195592
Kapasite 0,03587
Niifus 0,024697
Arazi Maliyeti 0,018193
Egitim 0,076176

Tutarlilik orani 0,09 olarak bulunmustur. Buradan olusturulan karsilastirma matrisi tutarlidir. En yiiksek
degere sahip kriter en 6nemli kriter olarak se¢ilmektedir. Elde edilen sonuglara gore 0,321064 degeri ile
birinci oncelikli kriter ulagim ag1 ve erisilebilirlik kriteridir. Cikan sonug diisiiniildiiglinde afet aninda o
bolgeye ulagim en 6nemli Onceliktir. Afet aninda afet bolgesinde zaman ¢ok dnemlidir. Ulagim ag1 eger
elverisli olursa bu da kurtarma ve yardim ¢aligmalarindan zamandan kazanilmasini saglar. Bu da ¢ikan
sonucun tutarliligini gosterir.

4.5 Alternatiflerin Siralanmasi

Bursa sehrinde gegici depo yeri se¢cim probleminde ilk olarak tiim ilgeler tercih edilmistir. AHP
yonteminde elde edilen kriter agirliklar: kullanilmigtir. Gergek hayatla tutarli ¢goziimler elde etmek igin,
TOPSIS ve PROMETHEE yontemleri uygulanarak ilgelerin siralanmasi amaglanmisti. TOPSIS,
PROMETHEE kullanilan karar matrisi Tablo 10 da verilmistir.
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Tablo 10: Karar Matrisi

Kriterler/Alternatifler

Ulasim Ag1

ve Teknoloji

Erisilebilirlik

Tletisim

Alt Yap1

Giivenlik

Kapasite

Niifus

Arazi
Maliyeti

Egitim

Osmangazi

9

(=)

8

Niliifer

10

(=)

—_
(=)

Yildirim
Kestel
Giirsu
Gemlik
Biiyiikorhan
Harmancik
Orhaneli
Orhangazi
Inegol

Iznik
Karacabey
Mudanya
Mustafakemalpasa
Yenisehir
Keles
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AHP kriter agirliklart dncelikle TOPSIS yonteminde uygulanmistir. Devaminda standart karar matrisi
elde edilmistir. Bu matrise normalizasyon islemi yapildiktan sonra ideal pozitif ve ideal negatif ¢oziimler
g0z Oniine alinarak karar merkezlerinden ideal ¢6ziime yakinliklar elde edilmistir. Sonug¢ kisminda,
olmasi beklenen ideal ¢oziimiin goreli yakinlik degerleri elde edilmistir. Alternatiflerin siralamasi Tablo
11°de verilmistir. Tabloya bakildiginda en iyi lokasyonun niliifer ilgesi en kotii lokasyonunda Harmancik
oldugu izlenmistir. Niliifer’in ulasim ag1 ve erigilebilirlik 6zellikleri dikkate alindiginda tutarli bir
sonuca varilmistir.

Tablo 11: Alternatif Siralamasi

Si+ Si- Ci* Sira
Niliifer 0,000215 0,015591 0,986413 1
Osmangazi 0,004539 0,01159 0,718566 2
Yildirim 0,006448 0,010934 0,629064 3
Gemlik 0,006419 0,009351 0,592974 4
Kestel 0,00647 0,009218 0,587569 5
Gilirsu 0,007064 0,008772 0,553924 6
Inegdl 0,007893 0,008461 0,517351 7
Yenisehir 0,009119 0,008048 0,468817 8
Orhangazi 0,009856 0,005909 0,374803 9
Karacabey 0,010029 0,005833 0,367743 10
Mustafakemalpasa 0,010428 0,005709 0,353784 11
Mudanya 0,011562 0,004909 0,298021 12
Iznik 0,013324 0,00297 0,182257 13
Keles 0,013302 0,002794 0,173591 14
Orhaneli 0,013482 0,002619 0,162666 15
Biiyiikorhan 0,015591 0,000215 0,013587 16
Harmancik 0,015607 0 0 17
Sonraki asamamiz olan PROMETHEE yontemi ile swralama elde edilmistir. Problemin

¢ozlimlendirilmesinde Visual PROMETHEE uygulamasi kullanilmisti. Bu programda, tercih
fonksiyonu olarak olagan fonksiyonu kullanilmis, skala basligi ise mutlak olarak se¢ilmistir. Tablo 12’ye
bakildiginda en iyi sonucun niliifer ilgesine aitken en kotii sonucun ise Harmancik ilgesine ait oldugu
gorlilmiistiir.
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Tablo 12: PROMETHEE Gére Alternatif Siralamasi

Action Phi Phi+ Phi-

1 Niliifer 0,7361 0,8542 0,1181
2 Osmangazi 0,5278 0,6806 0,1528
3 Gemlik 0,5278 0,6528 0,125

4 Kestel 0,3889 0,5694 0,1806
5 Yildirim 0,3681 0,5764 0,2083
6 Inegol 0,1944 0,4653 0,2708
7 Giirsu 0,1875 0,4444 0,2569
8 Orhangazi 0,0694 0,3958 0,3264
9 Mudanya 0,0139 0,3681 0,3542
10 Yenisehir -0,0139 10,375 0,3889
11 Karacabey -0,1944 10,2639 0,4583
12 Mustafakemalpasa |-0,1944 ]0,2569 0,4514
13 Iznik -0,4653 ]0,1181 0,5833
14 Orhaneli -0,5069 ]0,1181 0,625

15 Keles -0,5139 |0,1181 0,6319
16 Biiyiikorhan -0,5486 10,1042 0,6528
17 Harmancik -0,5764 10,0972 0,6736

Uygulanmis olan bu iki yontemin sonucunda en iyi lokasyonun Niliifer il¢esi oldugu tespit edilmistir.
Niliifer’in zemini, konumu, ulagimi goz 6niine alindiginda tutarli bir sonuca varilmistir. Dolayisiyla
Niliifer’de kurulacak olan gecici depo ile afetten etkilenenlerin temel ihtiyaglarinin kolaylikla
saglanabilecegi tespit edilmistir.

5.SONUC / RESULTS

Calismada, Tiirkiye’de deprem potansiyeli olan sehirlerden birisi olan Bursa ili i¢in uygulama
gerceklestirilmistir. Bursa ili Marmara bdlgesinde bulunmasi ve sanayinin lokomotif sehirlerinden biri
olmasi ile de 6nemli bir yere sahip olan bir ildir. Ayrica Marmara bolgesini Anadolu’ya baglayan ulagim
aglarinin merkezidir. Bu nedenle Bursa lojistik anlaminda biiyilk éneme sahiptir. Bu ilde meydana
gelebilecek bir afet ciddi sorunlara sebep olabilecek diizeydedir. Bu nedenlerde dolay1 se¢ilmis olan
uygulama ilinde konumlandirilacak gegici deponun ideal yerinin se¢im problemi ele alinmistir.
Problemin ¢éziimiinde CKKV yontemlerinden faydalanilmigtir.

Gergeklestirilen analiz, degerlendirme ve arastirma adimlarinda tercih edilen kriterlerin
agirliklandirilmasi ¢ok kriterli karar verme ydntemi olan AHP, alternatiflerin siralama ve uygun
lokasyonun elde edilmesi TOPSIS ve PROMETHEE uygulanmasi ile elde edilmistir.

Caligmada gegici depo yeri se¢imi probleminde ilk asamada Bursa da kurulacak olan gegici depo i¢in 9
tane kriter belirlenmistir. Alternatifler olarak da Bursa’nin 17 ilgesi belirlenmistir. Belirlenen kriter ve
alternatiflerin ¢ok kriterli karar verme yontemleri ile ¢oziimlenmesi sonucu siralamalar tespit edilmistir.
Ortaya c¢ikan siralama sonuglar1 bakildiginda en iyi lokasyonun Niliifer beldesi oldugu goriilmiistiir.
Niliifer beldesinin se¢ilmesinin nedeni konumu, zemini, ulagimin rahat olmasi gibi avantajlardan dolay1
tutarhidir.

Calismanin literatiire asil katkisi, Bursa da afet sonrasi hizmet verecek olan gecici depo i¢in uygun

konusunda gesitli sehirlerde yapilan ¢aligsmalar bulunmaktadir. (")rpegin, Meral, Kayali, Kabay ve Avci
(2023) Bingdl ili i¢in, Tanyasg, Giinalay, Aksoy ve Kiigiik (2013) Istanbul i¢in, Tezcan, Alakag, Ozcan
ve Eren (2023) Kirikkale i¢in ve Kalkan (2022) Usak sehri i¢in bu alanda ¢aligmalar yapmislardir. Usak

136



Merve GOK, Riimeysa TOKLU, Emel GUVEN, Tamer EREN / ESTU Resilience 8(2), 2024, sy(123-138)

ve Bingdl’de afet sonrasi, toplanma alanlari i¢in yesil alanlar ne kadar yeterli oldugunun arastirmast,
Istanbul’da depo yerlerinin uygunlugunun dlgiilmesi, Kirtkkale’de yer segimi ve arag rotalama iizerine
caligmalar yapildig1 goriilmektedir. Ancak incelenen literatiir kapsaminda Bursa ilinde depo yeri se¢imi
icin ele alinmis bir ¢aligmaya rastlanmamustir. Ayrica Bursa’da depo yeri se¢iminde afet durumu da goz
Oniine alinarak caligma gergeklestirilmistir. Detayli olarak bakildiginda bu g¢alisma ile sunulanlar
sonucunda, afet yasandiktan sonra yapilan planlar konusunda daha genis uygulamalarin
gerceklestirilmesi hem uygulamacilara hem de literatiir ¢aligmasina katki saglayacaktir. Caligmada yer
alan problem Bursa ilini kapsamaktadir. Bu sebeple ilde yer alan il¢eler dikkate alinmistir. Belirlenen
ilcelerin G6zellikleri uzman goriisii ve literatiir aragtirmasi sonucunda olusturulan kriterler dahilinde
degerlendirilmistir. Dolayisiyla belirlenen kriterler, alternatifler, ilin afet durumu gibi probleme 6zgii
olan veriler problemin kisitlarmi olusturmaktadir. fleriki calismalarda problem kriter ve alternatif
kisitlart degistirilerek bagka iller i¢in de degerlendirmeler gergeklestirilebilir. . Bu dogrultuda Bursa’nin
kritik Oneme sahip olmasi gibi diger illerde de afetten sonra gorev alacak depolarin segimi
degerlendirmeye alinabilir. Yapilacak olan depolarda saklanmasi gereken malzemeler ve personel se¢imi
problemlerine odaklanilabilir. Yontem olarak yapay zeka teknikleri ve cok kriterli karar verme
yontemleri gelecekte yapilacak calismalarda tercih edilebilir.
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Tiirkiye, pek ¢ok afetle karsilagan bir lilkedir. Afet okuryazarligim yiiksek olmasi ve bireysel
olarak afetlere direngli olmak bireylerin ve toplumun sagligi, gelisimi, psikolojik ve ekonomik
zararlarin 6nlenmesi i¢in dnemlidir. Afetlerin oldugu bolgelerde kamu hizmeti sunan en yakin
birimler olan belediyeler afet planlama ¢alismalarin1 da yiiriitiirler. Literatiirde 6zellikle
afetlere miidahalede 6n planda gorev alan belediye c¢aliganlarinin afet okuryazarlig1 ve afet
direngliligini degerlendiren bir galismaya rastlanamamigtir. Caligmamizin amaci belediye
calisanlarinin afet okuryazarligi ve bireysel afet direnglilik diizeylerini belirlemek ve afet
okuryazarligi ile iliskili olabilecek faktorleri degerlendirmektir. Bu kesitsel c¢aligsma
Odunpazar1 Belediyesi ¢alisanlar1 arasinda gergeklestirilmistir. Caligma grubu 636 belediye
calisanindan olusmaktadir. Calismamizda Afet Okuryazarhg: Olgegi ve Bireysel Afet Direnci
Olgegi kullamlmistir. Afet Okuryazarligi Olgegi skorlar1 ortalama 210,2 + 42,8 puandir.
Belediye calisanlarmin Afet Okuryazarhgi Olgegi'nden aldiklart puanlar ile Bireysel Afet
Direnci Olgegi'nden aldiklar1 puanlar arasinda orta diizeyde pozitif bir iliski oldugu
bulunmustur. Eskisehir Odunpazar1 Belediyesi ¢alisanlarinin afet okuryazarlig1 ve bireysel
afet direncinin orta diizeyde oldugu sdylenebilir. Afet okuryazarliginin 6grenim diizeyi,
bolgelerindeki afet risklerini ve toplanma yerlerini bilme, olasi afetlere karsi hazirlikli
hissetme ve bireysel afet direnglilgi ile iliskili oldugu bulunmustur. Afetlerde 6n planda gorev
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Evaluating Disaster Literacy And Individual Disaster Resistance Among Municipal Employees*
Belediye Calisanlarinda Afet Okuryazarligi ve Bireysel Afet Direncinin Degerlendirilmesi

alan belediye personelinin afet okuryazarlig1 ve bireysel afet direncini {ist seviyelere ¢ikarmak
bireyleri ve toplumu koruma igin 6nem arz etmektedir. Bu amagla personele afet ile ilgili
konularda diizenlenen hizmet i¢i egitimler arttirilmalidir.

Abstract

Tiirkiye faces many disasters. High levels of disaster literacy and individual disaster resilience
are important for the health and development of individuals and society and for the prevention
of psychological and economic damages. Municipalities, which are the closest units providing
public services in disaster-prone regions, also carry out disaster planning activities. There is
no study in the literature that assesses the disaster literacy and resilience of municipal
employees who are at the forefront of disaster response. The aim of our study was to determine
the disaster literacy and individual disaster resilience levels of community workers and to
assess the factors that may be associated with disaster literacy. This cross-sectional study was
conducted among 636 employees of Odunpazari Municipality. Disaster literacy and individual
disaster resilience scales were used in our study. The mean Disaster Literacy Scale score was
210.2 + 42.8 points. It was found that there was a moderate positive relationship between the
Disaster Literacy Scale scores of the municipal employees and their scores on the Individual
Disaster Resilience Scale. It can be said that the disaster literacy and individual disaster
resilience of the employees of Eskisehir Odunpazari Municipality are at a moderate level.
Disaster literacy was found to be related to education level, knowledge of disaster risks and
gathering places in their regions, feeling prepared for possible disasters and individual disaster
resilience. It is important to raise the level of disaster literacy and individual disaster resilience
of local government personnel, who are on the front line of disasters, in order to protect
individuals and society. To this end, in-service training on disaster-related issues should be
increased.

1. INTRODUCTION

A disaster is defined as a severe alteration in the normal functioning of a community or society due to
hazardous physical events interacting with vulnerable social conditions, leading to widespread adverse
effects on human, material, economic, or environmental factors that require immediate emergency
response to satisfy critical human needs and that may require external support for recovery. (United
Nations Department of Humanitarian Affairs 1992). According to The Emergency Events Database
(EM-DAT) disasters can be divided into two categories: natural and technological hazards. These
disasters can be divided into technological disasters (industrial and transportation accidents) and natural
disasters (geophysical, meteorological, hydrological, climatological, biological, and extraterrestrial)
(The Emergency Events Database (EM-DAT) 2014). There are also studies in the literature that divide
disasters into sudden and slow onset disasters, or into natural, man-made, and hybrid disasters (Van
Wassenhove, 2006; Shaluf, I.M, 2007). Throughout history, disasters have caused numerous negative
impacts, including death, injury, physical and psychological loss, environmental damage, and
sociological problems in living spaces. It is important to realise that disasters have no bias and can strike
anyone, anywhere, at any time (Bayram and Giiler 2016). In 2023, there were 1097 disasters worldwide,
of which 796 were natural and 301 technological. These disasters resulted in 169,763 deaths, affected
over 262 million people and caused economic losses of over 326 billion dollars. The disasters that
claimed the most lives were heat/cold waves and earthquakes. Other disasters included in order of
fatalities storms, floods, accidents, epidemics, landslides/avalanches, fires and volcanic activity (The
Emergency Events Database (EM-DAT) 2023).

Tiirkiye is prone to natural disasters due to its geological and topographical structure. In addition, there
is a risk of man-made disasters such as fire, terrorism, chemical, biological, and industrial events (T.C.
Icisleri Bakanlhig: Afet ve Acil Durum Yonetimi Baskanlig1 2018). Tiirkiye ranks sixth in the world in
the frequency of earthquakes, third in the annual number of deaths due to disaster-related reasons, and
fourth in the annual number of deaths due to exposure to disasters (Isik et al. 2012). According to the
International Emergency Database (EM-DAT), Tiirkiye experienced a total of fourteen disasters in 2023,
eleven of which were natural and three of which were technological. The most common disasters were
earthquakes and floods, followed by accidents and storms. The earthquake that occurred in
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Kahramanmaras on February 6, 2023, which affected 11 provinces, claims the most lives in Tiirkiye’s
history (The Emergency Events Database (EM-DAT) 2023).

The significance attached to disasters by different countries varies according to their geographical,
political and economic conditions. However, disaster risk reduction is of vital importance to many
nations (Kitagawa, 2015). Disaster risk reduction is a top priority worldwide. Therefore, disaster training
is of great importance for both countries and individuals. It is of the utmost importance that individuals
are informed and well educated about potential disasters in order to prevent catastrophic consequences
that threaten the lives of many people (Tsai, Chang, Shiau, & Wang, 2020). A disaster-aware, informed,
and prepared life is essential for protection against disaster damage.

Attitudes and behavior toward disasters can significantly influence the extent of damage caused. To
enhance disaster literacy, it is imperative to equip individuals with information about the nature and
consequences of disasters, facilitate access to pertinent resources, raise awareness, and disseminate
knowledge to those who possess expertise in disaster management (Kuzucuoglu & Sesen, 2020).
Disaster literacy encompasses the knowledge, attitudes, and behaviors essential for responding to and
assessing disasters in a manner that ensures survival. Disaster literacy equips individuals with the
requisite skills and knowledge in the domains of disaster prevention, risk reduction, preparedness,
intervention, recovery, planning, and implementation (S6zcti & Aydindzii, 2019).

Individual disaster resilience is a dynamic process that can be observed in people who have the ability
to adapt and learn in the face of disasters so that they can recover and maintain their ability to function
(Boon 2014). In societies with high individual disaster resilience, the first goal is not to return to the
pre-disaster situation, but to achieve a more viable or sustainable equilibrium (Rivera and Kapucu 2015).
Individuals must be resilient to disasters in the interests of themselves and society. Disaster resilient
people are expected to effectively prevent psychological and economic damage. To increase individual
resilience, people need to be aware of the dangers in their environment, take responsibility, and be
informed about risks in advance of disasters (Boon et al. 2012).

In order to be adequately protected from disasters, it is of the utmost importance to be fully aware of the
potential effects and consequences of disasters and to be able to implement the necessary interventions
in a timely and effective manner. A multitude of official and civil organizations play a pivotal role in
disaster response. Municipalities, which are among the most prominent of these organizations, are
among those that can provide the swiftest response to disasters in their respective regions. It is evident
that municipal employees must possess a certain degree of knowledge regarding disasters and the
appropriate actions to be taken in the event of such occurrences. This will enable them to protect
themselves and the general public within their respective service areas, to minimise the damage and
losses, to prevent further damage and losses, and to re-establish social order. Despite the fact that Turkey
is a country that frequently encounters disasters, it was hypothesised that the disaster literacy and
individual disaster resilience levels of municipal employees may not be particularly high in our country.
Moreover, no study was identified in the literature that evaluated municipal employees on this subject.
A study conducted by Saifudin et al. with individuals residing in a region with a high disaster risk
revealed that the level of disaster literacy was high and that there was a robust positive correlation
between disaster literacy and disaster resilience (Saifudin, n.d., 2023). In studies conducted in the
community in Iran and among middle school students in Indonesia, disaster literacy was reported to be
at a moderate level (Farzanegan, Fischer, & Noack, 2024; Logayah, Maryani, Ruhimat, & Wiyanarti,
2023).

Given the unpredictable nature of disasters, it is imperative that teams deployed to disaster zones
maintain a state of constant preparedness. Local governments are the most proximate organizations
providing public services in areas where disasters occur. As a result, community planning for disaster
management is of paramount importance for municipalities. A high level of disaster literacy and
individual disaster resilience among municipal employees will enable them to protect themselves and
the wider society. In this manner, the devastation and losses that may result from disasters will be averted
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prior to their occurrence, the destruction and losses that ensue after the disaster will be mitigated, and
the formation of new disasters will be prevented. It is anticipated that this study will address a significant
gap in the existing literature by determining the disaster literacy levels of municipal employees who will
be working in potential disaster areas. Furthermore, the study sought to examine the factors associated
with the disaster literacy levels of municipal employees and to assess the relationship between disaster
literacy and individual disaster resistance.

2. MATERIALS AND METHODS

2.1. Study Design And Participants

This study was conducted with the employees of Eskisehir Odunpazar1t Municipality between May 2,
2023, and September 30, 2023. The study employed a cross-sectional method, which is one of the
quantitative research methods. In the present study, a full-count sampling method was employed to
achieve a comprehensive representation of the Odunpazar1 Municipality employees. The complete count
sampling method is a technique for selecting a sample in which every unit in the universe is included.
This method is particularly suited to universes that are small and concentrated in a specific area.
Nevertheless, it can also be employed for larger populations, such as those enumerated in censuses (Ural
and Kili¢ 2005). 681 municipal employees who agreed to take part in the study completed the
questionnaire. Forty-five people who did not fully complete the questionnaire were excluded from the
study. The study group consisted of 636 people. The participants in the study were those who completed
the questionnaire and explicitly agreed to participate; thus, no written informed consent was obtained
from them. The questionnaires were distributed by the researchers to the duly authorized personnel in
the municipality. The questionnaires delivered to the municipal employees by the authorized personnel
were completed by the employees themselves. This process took approximately 15-20 minutes. The
completed questionnaires were collected again by the authorized personnel and received by the
researchers on the predetermined date.

2.2. Ethics Approval

The necessary approvals were obtained from the Ethics Committee for Non-interventional Clinical
Research of Eskisehir Osmangazi University with the number 61 and date 16.05.2023 and from the
Odunpazar1 Municipality.

2.3. Data Collection Tool And Data Collection Process

In order to collect data in the study a questionnaire based on the literature was prepared (Boon 2014;
Rivera and Kapucu 2015; S6zcii and Aydindzii 2019). The first part of the questionnaire includes some
socio-demographic characteristics of the municipal employees (age, gender, marital status, educational
status, family income level, etc.) and some variables that are assumed to be related to the level of disaster
literacy (where he/she deals with disaster-related issues most offen, whether he/she has received training
on disasters, whether he/she has first aid knowledge, disaster kit preparedness, whether he/she has an
disaster emergency plan, etc.). The second part contains the questions of the Disaster Literacy Scale
(DLS) and the third part contains the questions of the Individual Disaster Resilience Scale (IDRS). In
the present study, the Cronbach's Alpha value for the Disaster Literacy Scale was 0.981, while the
Cronbach's Alpha value for the Individual Disaster Resilience Scale was 0.872.

Disaster Literacy Scale was used to determine the disaster literacy of municipal employees. Caliskan
and Uner developed this scale in 2023. The scale, which is comprised of four sub-dimensions:
mitigation, preparedness, response, and recovery, comprises 61 questions in a 5-point Likert format. The
responses to the inquiries are classified as follows: "very difficult" (1), "difficult” (2), "not sure" (3),
"easy" (4), and "very easy" (5). The scores that can be obtained from the scale range from 61 to 305,
with higher scores indicating a higher level of disaster literacy. The Cronbach's Alpha value of the
Disaster Literacy Scale is 0.954, with values between 0.83 and 0.88 observed in the sub-dimensions
(Caliskan and Uner 2023).
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The Individual Disaster Resilience Scale was developed by DiTirro in 2018 (DiTirro 2018). The Turkish
validity and reliability study of the scale was conducted by Sen in 2022. The scale comprises a total of
19 5-point Likert-type questions (1=Strongly Disagree, 2=Disagree, 3=Unsure, 4=Agree, 5=Strongly
Agree) distributed across four sub-dimensions: coping with information, emotional coping, joint coping,
and coping with experience. The scale includes reverse-coded items, specifically questions 17, 18, and
19. The minimum score that can be attained on the scale is 19, while the maximum score is 95. A higher
score on the scale indicates a greater level of disaster resilience in the individual. The Cronbach's alpha
coefficient for the scale was determined to be 0.896. The Cronbach's alpha coefficients for the
subdomains range from 0.914 to 0.802 (Sen 2022).

2.4. Statistical Analysis

The data obtained were analysed with SPSS (v15.0) Statistical Package Programme. The data were
subjected to skewness, kurtosis, and Kolmogorov-Smirnov analyses to ascertain their normality. A
normal distribution is accepted when the Kurtosis and Skewness values fall between -1.5 and +1.5
(Tabachnick, Fidell, and Ullman 2013). The skewness value of the disaster literacy variable was found
to be -0.721, the kurtosis value 1.294 and the Kolmogorov-Smirnov test value 0.095. In accordance with
the calculated values, it was determined that the disaster literacy variable exhibited negative skewness
and kurtosis, yet remained consistent with the normal distribution. The statistical analysis was conducted
using multivariate linear regression analysis and Pearson correlation analysis. Following the univariate
analyses, further analysis was conducted using sociodemographic variables and related factors found to
be associated with disaster literacy. This resulted in the creation of a multivariate linear regression
model. A statistical significance value of p<0.05 was accepted.

3. RESULTS

Of the study participants, 228 (35.8%) were female and 408 (64.2%) were male. Their ages ranged from
16 to 66 years, with a mean of 40.3 + 8.5 years. The scores of the municipal employees in the DLS
ranged from 61 to 305, with a mean of 210.2 + 42.8 (median: 217.0) points. The distribution of DLS
scores obtained by the study group according to some sociodemographic characteristics is shown in
Table 1.

Table 1: The distribution of DLS scores obtained by the study group according to some
sociodemographic characteristics

Some Sociodemographic n % Scores from the Disaster Literacy Scale

Characteristics Mean + SD
Age Group (Year)
34 and below 154 24.2 211.1 +44.1
35-39 138 21.7 208.1 £44.9
40-44 139 21.9 210.5+£39.5
45 and above 205 32.2 210.6 £42.7
Gender
Female 228 35.8 213.1+£38.9
Male 408 64.2 208.5 +£44.8
Marital status
Married 460 72.3 211.6+42.3
Not married 176 27.7 206.5 +44.0
Education status
Middle school and below* 180 28.3 195.0 £ 46.5
High school* 163 25.6 208.6 +40.7
University and above* 293 46.1 220.4 +38.6
Family Income Status
Bad* 121 19.0 199.6 £41.0
Middle* 449 70.6 211.1 £43.0
Good* 66 10.4 222.9+41.0
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Profession

Employee 365 57.4 201.3£44.5
Officer 239 37.6 221.4+£37.7
Executive* 32 5.0 227.6+33.4
Total Duration in the Municipality (Year)

4 and below 212 333 2053 +45.3
5-9 234 36.8 210.4+39.2
10 -14 91 14.3 213.0+474
15 and over 99 15.6 217.3£40.2
Total 636 100.0 2102 +42.8

*p<0,001

In the study group, 487 participants (76.6%) had no previous experience with disasters. Of these, 201
(31.6%) had received training on disaster-related topics and 180 (28.3%) were prepared to protect
themselves from potential disasters. The distribution of the scores of DLS obtained by the study group
according to some variables assumed to be related to disaster literacy can be found in Table 2.

Table 2: The distribution of the scores of DLS obtained by the study group according to some variables
assumed to be related to disaster literacy

Scores from the
Some Factors Thought to Be Related to Disaster Literacy n % Dlsastgz:;;teracy

Mean = SD
Experience Any Disaster
No 487 76.6 209.2 +£44.2
Yes 149 23.4 213.2+37.9
Type of Disaster Experienced
I Did Not Experience a Disaster 447 70.3 209.7 £43.1
Earthquake 177 27.8 211.2+43.1
Other 12 1.9 213.6 £24.9
Sources of Information About Disasters
I Do Not Follow Any Source** 27 4.2 179.3£51.6
TV/Radio/Newspaper/Brochure 351 55.2 207.8+£41.4
Internet /Social Media 212 333 214.9+39.9
Other 46 7.2 224.6 +£50.7
Losing a Relative in a Disaster
I Was Not Experience a Disaster 449 70.6 210.4+43.9
Yes 33 5.2 206.5 +39.5
I Was Experienced A Disaster, But I Did Not Lose Anyone 154 242 2104 + 40 3
Close To Me
Suffering Any Financial Loss in a Disaster
I Was Not Experience a Disaster 459 72.2 211.2+43.6
Yes 28 4.4 204.7 £35.3
I Was Experlenced a Disaster, But I Did Not Experienced 149 234 208.0 + 41.7
Financial Loss
First Degree or Second Degree Relatives Exposure to Any Disaster
No 503 79.1 209.1 £43.2
Yes 133 20.9 214.2+41.0
Status of Receiving Any Disaster-Related Training
No 435 68.4 205.1+£45.2
Yes** 201 31.6 221.1+£34.7
Status of Receiving First Aid Training
No 332 52.2 205.7 £44.0
Yes* 304 47.8 215.0+£41.0
Having a Disaster and Emergency Bag at Home
No | 440 | 692 | 205.0 +45.4
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Yes** | 196 | 308 | 221.7+33.7
Having a Personal and/or Family Disaster Plan

No 438 68.9 203.0 +£44.5
Yes** 198 31.1 226.0 +33.9
Being Aware Of Disaster Risks in The Region/Province

No 329 51.7 197.7+£45.0
Yes** 307 48.3 223.6 +£35.9
Being Aware Of The Location Of Gathering Areas in The Area Of Residence

No 359 56.4 201.2+£44.6
Yes** 277 43.6 221.8+37.3
Preparedness for Possible Disasters

No 456 71.1 205.3£42.1
Yes** 180 28.3 222.5+£42.2
Knowledge What to Do in Case of a Possible Disaster

No 273 42.9 199.3+£43.4
Yes** 363 57.1 218.3+40.5
Willngness to Receive Disaster-Related Training

No 250 39.3 203.3£45.5
Yes** 386 60.7 214.6 +40.4
Total 636 100.0 210.2+42.8

£p<0,05, **p<0,001

As a result of further analysis in our study, it was found that municipal employees' disaster literacy was
related to their level of education level, knowledge of disaster risks in their place of residence,
knowledge of the location of the gathering areas and perception of disaster preparedness. The results of
the Multivariate Lineer Regression Analysis (educational status, family income status, profession,
disaster information sources, disaster-related training, first aid training, having a disaster and emergency
kit at home, having a personal and/or family disaster plan, being aware of disaster risks in the
region/province, being aware of the location of gathering areas in the neighbourhood, preparedness for
possible disasters, knowledge of what to do in the event of a possible disaster, willingness to take
disaster-related training) were created that are related to disaster literacy are shown in Table 3.

Table 3. The results of Multivariate Lineer Regression Analysis were created that are related to disaster
literacy

Variables Disaster Literacy Scale Score _
Non-Std. B Std. Beta 95% CI
Education Status** 5.342 0.105 0.539-10.145
Family Income Status 3.147 0.039 -3.143-9.437
Profession 5.115 0.071 -1.652-11.881
Sources Of Information About Disasters 1.484 0.024 -3.355-6.322
Sta‘Fu§ Of Receiving Any Disaster-Related 3811 0.041 3.811-11.432
Training
Status Of Receiving First Aid Training -5.907 -0.069 -13.014-1.201
Having A Disaster And Emergency Bag At Home 1.558 0.017 -6.571-9.687
Having A Personal And/Or Family Disaster Plan 5.889 0.064 -2.795-14.573
Beipg Aware. Of Disaster Risks in The 12.534 0.146 4.693-20.374
Region/Province**
Being Aware Of The Locations Of Gathering
Areas in The Region You Live in** 7.267 0.084 0.107-14.428
Preparedness For Possible Disasters** 9.139 0.096 0.687-17.592
Kpowledge of What To Do in Case Of A Possible 1.080 0.013 -6.873-9.033
Disaster
Willingness To Receive Disaster-Related Training 5.786 0.066 -0.914-12.485
R? 0.147
F 9.429

“Confidence Interval, **p<0,05
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The IDRS scores of the study group ranged from 28 to 95 with a mean of 60.9 + 11.6 (median: 61.0)
points. It was found that there was a moderate positive correlation between the scores obtained by the
municipal employees in the DLS and the scores obtained in the IDRS (p<0.001, r=0.555). The
distribution of points scored by municipal employees in the IDR and points scored in the IDRS is shown
in Figure 1.
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Figure 1. The distribution of points scored by municipal employees in the IDR and points scored in
the IDRS

4. Discussion

In order to effectively prepare for and respond to disasters, it is important to have a clear understanding
of what a disaster is. Disaster literacy provides people with the necessary knowledge to mitigate disaster
risks. You do not have to be a disaster expert, but you do need to have basic knowledge, attitudes and
behaviors related to disasters (S6zcii and Aydinozii 2019).

The level of education is an important factor that influences an individual's lifestyle and behavior. In
addition, individuals with a higher level of education are expected to have a higher level of disaster
literacy, as they have access to more information about disasters during their educational life, which
increases their awareness of disasters. Our study found that the higher the level of education, the higher
the level of disaster literacy. Geng et al. and Demirci reported that the level of disaster literacy was
higher among individuals with higher levels of education levels (Genc et al. 2022). However,
Farzanegan et al. found no relationship between education level and disaster literacy levels (Farzanegan,
Fischer, and Noack 2024). The different results of the studies may be due to differences in the
educational systems and educational curricula of the countries in which the studies were conducted.

Disasters have different characteristics, including type, severity, timing and location of occurrence. It is
important that people are informed about the disaster risks in their region in order to increase their
awareness and take the necessary precautions to protect themselves and others. This can also improve
their disaster literacy. The study found that participants who were aware of the disaster risks in their
locality had high disaster literacy levels. A review of the literature revealed no studies that examined the
relationship between knowledge of disaster risks in the region and disaster literacy. Some studies have
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indicated that a significant proportion of the population is unaware of the disaster risks in their own
region (Demirci 2021; Tekeli-Yesil et al. 2010).

To improve disaster literacy and preparedness, it is important to know our environment, to know what
to do in the event of a disaster, and to know where the gathering areas are located. Our study found that
people who knew the location of gathering areas in their region had higher disaster literacy levels. In
one study, it was reported that those who knew the location of gathering areas had higher disaster literacy
levels (S6zcii and Aydindzii 2019). In another study, it was reported that people who did not know the
locations of gathering areas in their region (Demirci 2021). The disparate outcomes observed may be
attributed to variations in socioeconomic status and educational attainment among the individuals
residing in the regions where the studies were conducted.

Individuals with high disaster literacy are better prepared for disasters. This study found that those who
consider themselves prepared for possible disasters have high disaster literacy levels. Zhang et al. also
reported that individuals who reported being prepared for disasters had high disaster literacy levels
(Zhang et al. 2021). Bekler et al. reported that there was no relationship between disaster preparedness
and disaster literacy (Bekler et al. 2022). The discrepancies in the outcomes observed across various
studies may be attributed to the disparate sociodemographic profiles of the sampled populations and the
absence of a uniform methodology for assessing disaster preparedness levels. Additionally, the reliance
on self-reported data may have introduced a degree of subjectivity into the findings.

Resilience to disasters is influenced by various individual, physical, sociological, economic,
psychological and environmental factors. It is widely recognised that individual disaster resilience can
only be achieved through positive interactions between all these factors. Individuals who can facilitate
such interactions are likely to have a high level of disaster literacy. The study found that individual
disaster resilience increases with the level of disaster literacy increases. Similarly, Saifudin et al. and
Miyamoto et al. observed a positive correlation between disaster literacy and resilience (Miyamoto et
al. 2022; Saifudin n.d.).

5. CONCLUSION

Our study found that disaster literacy and individual disaster resilience of municipal employees are at
an intermediate level. We found that disaster literacy levels were higher among those who had a higher
level of education, who were knowledgeable about disaster risks in their area, who were familiar with
gathering points in their area, and who felt prepared for potential disasters. A positive correlation was
found between the disaster literacy of municipal employees and their individual disaster resilience.

The study has several limitations. First, it is a cross-sectional study. Second, the data collection is limited
to the employees of Eskisehir Odunpazari Municipality. Third, the survey form used is based on
subjective responses and relies on the participants' own thoughts and memories. Therefore, the results
may have limited generalizability. The article focuses on disaster literacy and individual disaster
resilience, but does not address economic, social or political issues related to disaster management. This
may lead to incomplete evaluations. The article aims to raise awareness by providing a general overview.

A strength of our study is that it was conducted among municipal employees who are responsible for
first responders to disasters. In addition, this study is the first in Tiirkiye to examine disaster literacy and
individual disaster resilience together. There are only a limited number of studies on this topic in the
international literature.

Disaster literacy and individual disaster resilience are crucial for disaster preparedness. Training can be
provided to enhance disaster literacy, particularly for municipal employees who are among the initial
responders to disasters. It may be beneficial to conduct drills on a regular basis. In-service training can
be designed to enhance the individual disaster resilience of municipal employees. The formulation of
disaster preparedness action plans can facilitate the active participation of all municipal employees in
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these plans. Consequently, employees' disaster literacy and individual disaster resilience levels can be
enhanced. It is recommended that more comprehensive studies be conducted to investigate the
relationship between disaster literacy and individual disaster resilience.
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emisyonlarmin degerlendirilmesi ve azaltilmasina yonelik olarak “Yol Emisyonlari
Optimizasyonu: Yol Insaati ve Rehabilitasyonunda GHG Emisyonlarmm Azaltilmasina
Yonelik Bir Arag Seti” ismi ile hazirlanmig ampirik bir GHG hesaplama rehber aracidir.
ROADEO modeli kullanilarak Karaman-Mersin yol yapim insasindan elde edilen GHG
emisyonlart 1 km’lik yol insasindan sirasiyla; yol yapist i¢in 1,810 tCO2eq, hafriyat
islemlerinden 973 tCO2eq, yol aksesuarlarindan 148 tCO2eq, arazi kullanim degisikliginden
150 tCO2eq, drenajdan 38 tCO2eq ve yol iistyap: islerinden 2 tCO2eq olarak tahmin
edilmistir. Elde edilen tahmin sonuglarina gére GHG emisyonlarinin %59’u yol insaat1 igin
gerekli malzeme kullanimindan, %35°1 bu malzemelerin sahaya tasinmasi asamasindan ve son
olarak %6’s1 ise yol ingaatinda kullanilan arag-gere¢, makine-teghizat gibi ekipmanlardan
kaynaklanmaktadir.

Abstract

In this study, GHG (Greenhouse Gas) emissions of a total of 10 km of road construction
between Karaman and Mersin, including 3.3 km of Sertavul Tunnel construction were
calculated using the ROADEO Model, which provides carbon footprint estimation of road
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construction especially for developing countries in order to identify solutions to minimize
emissions from road construction, repair and improvement works. ROADEO is an empirical
GHG planning tool prepared under the name “Road Emissions Optimization: A Toolkit for
Reducing Greenhouse Gas Emissions in Road Construction and Rehabilitation” for the
accumulation and reduction of road construction GHG emissions. GHG emissions were
estimated as 1,810 tCO2eq for road structure, 973 tCO2eq from earth moving operations, 148
tCO2eq from road accessories, 150 tCO2eq from land use change, 38 tCO2eq from drainage,
and tCO2eq from roadside pavement and median treatments of 1 km of Karaman-Mersin Road
construction using ROADEO Model. According to the model results, 59% of GHG emissions
sourced by the use of materials required for road construction, 35% from the transportation of
these materials to the site, and finally 6% from equipment such as machinery and equipment
used in road construction.

1. GIRIS/INTRODUCTION

Diinya iizerindeki tiim kiiresel yiizey hava ve deniz sicakliklarinda, buzullarda, hidrolojik dongiide
gozlemlenen hizli degisiklikler, son 50 yilda hizlanmis ve sanayi devriminden beri insan faaliyetlerinden
kaynaklanan basta karbondioksit (CO-) olmak iizere GHG’nin artis1 kiiresel sicakliklarin yaklasik 1 °C
artmasina sebep olmustur (IPCC 2021). 1960’larda, atmosferdeki CO-’in kiiresel biiyiime orani yilda
yaklasik 0.8+£0.1 ppm iken son 50 yilda yillik biiylime orani ii¢ katina ¢ikarak 2.4 ppm’e ulagmigtir
NOAA 2024). Bu nedenle mevcut kiiresel 1sinma hizinin, jeolojik devirler boyunca bilinen en hizli ve
dogal iklim degisiminin gorildigii ¢ag olan buzul ¢aginin bitisindeki 1sinma hizindan on kat daha fazla
oldugu belirtilmektedir (NASA 2020). Nisan 2024 kiiresel sicaklik dl¢limleri sanayi oncesi referans
donemi olan 1850-1900 donemine gore 1.58 °C daha sicak olarak kaydedilmistir (Copernicus 2024).
Iklimin ortalama durumundaki veya degiskenligindeki istatistiksel olarak anlamli degisikliklere,
genellikle onlarca yil veya daha uzun siire devam eden degisikliklere “iklim degisikligi” adi
verilmektedir (IPCC 2018a). Kiiresel Olcekteki fosil yakit kullanimi, arazinin pargalanmasi, orman
alanlarin yok edilmesi, atik sorunu, tarimsal giibreler, pestisitler, endiistriyel tarim ve hayvancilik
faaliyetleri GHG artisinin temel sebepleri olarak gosterilmektedir. Bu gazlarm atmosferdeki hizl
artisina bagli olarak, sehirlesmenin de etkisiyle dogal sera etkisinin kuvvetlenmesi sonucunda
yeryiiziinde ve atmosferin alt katmanlarinda sicaklik artmaktadir (Tiirkes 2001; Tiirkes 2008).
Atmosferdeki molekiillerin yaklasik %0.43’tine karsilik gelen bu gazlar yer yiizeyinden yansiyan
kizilotesi radyasyonu absorbe ederek yer kiirenin 1sinmasina dnemli Olgiide katkida bulunurlar. Bu
gazlar sirastyla CO,, metan (CHs4) ve diazot oksit (N>O) olup dogal GHG olarak adlandirilir. Atmosferde
ayrica stlfiir heksafloriir (SFe), azot tri floriirler (NF3), hidroflorokarbonlar (HFC) gibi florlii gazlar ile
ozon (0;) gibi GHG da yer almaktadir (Kadioglu ve Cakir 2015). Hiikiimetleraras: Iklim Degisikligi
Paneli’nin (Intergovernmental Panel on Climate Change, IPCC) 1990 yilinda yayimlanan ilk
degerlendirme raporunda (FAR 1990), insan faaliyetlerinden kaynaklanan GHG emisyonlari olan CO.,
CHs, CFC ve N>O atmosferik konsantrasyonlarinin dnemli Slglide arttigi belirtilmistir. IPCC son
degerlendirme raporunda (ARG, 2022) ise; 1.5 °C kiiresel 1sinmanin gerceklesmesi halinde sicak hava
dalgalarinin artacagini, sicak mevsimlerin uzayacagini ve soguk mevsimler kisalacagini belirtmektedir.
Kiiresel sicakliklarin 2 °C olmast durumunda ise asir1 sicakliklarin tarim ve saglik agisindan kritik
tolerans esiklerine daha sik ulasacagini gostermektedir.

Kiiresel GHG emisyonlarinin enerji ile ilgili olan kisimlarinin yaklagik %751 kentlerden
kaynaklanmaktadir. 21. yy’in ortasina kadar Diinya niifusunun iicte ikisinin kentsel alanlarda yasamasi
beklendiginden bu degerlerin artacagi oOngodriilmektedir. Bu nedenle kentsel GHG emisyon
envanterlerinin belirlenmesi kiiresel iklim degisikligi ile miicadelede dnemli bir adimdir. Bu amagla
Topluluk Olgekli GHG Envanterleri Kiiresel Protokolii (The Global Protocol for Community-Scale
Greenhouse Gas Emission Inventories, GPC), sehirlere ve yerel yonetimlere sehir GHG emisyonlarin
tutarlt bir sekilde belirlemek, hesaplamak ve raporlamak i¢in saglam, seffaf ve kiiresel olarak kabul
edilen bir ¢ergeve sunmaktadir. 2014 yilindan beri kiiresel dlcekte sehirler tarafindan emisyonlar
hesaplamak ve raporlamak icin kullanilan GPC, Ulusal GHG Envanterlerine iliskin 2006 IPCC
Kilavuzlarinin 2019 versiyonu ile uyumlu hale getirilmek tlizere revize edilmistir. GPC protokoliine
gore; sehir sinirlart igerisinde yer alan kaynaklardan meydana gelen GHG emisyonlari (Kapsam 1), sehir
siirlart igerisinde kullanilan elektrik, 1s1, buhar ve sogutma kullanimi sonucu ortaya ¢ikan GHG
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emisyonlar1 (Kapsam 2) ve sehir sinirlar i¢inde gergeklestirilen faaliyetler sonucunda sehir sinirlari
disinda meydana gelen diger tim GHG emisyonlar1 (Kapsam 3) ii¢ farkli emisyon envanteri
cikarilabilmektedir. Bu GPC kapsamina gdre ulasim emisyonlari; hem sehir i¢i hem de sehir i¢inde
baslayip sehir disinda sonlanan ulagim emisyonlarini igermektedir. Ulasim, sehirlerarasi ve uluslararasi
seyahatler de dahil olmak iizere, karayolu, demiryolu, deniz ve hava yoluyla yapilan tiim yolculuklar:
kapsamaktadir. Ulagima ait olan GHG emisyonlart dogrudan yakitin yakilmasiyla veya dogrudan
sebekeden saglanan elektrigin kullanimi ile meydana gelmektedir. Ancak bu ulagim emisyon hesabi1
karayolu insasindan meydana gelen emisyonlar1 kapsamamaktadir (GPC, 2020). Sektérel GHG
emisyonlart igerisinde ulagim sektorii onemli bir yer tutmaktadir. Ulagim sektoriine ait GHG envanteri
birgok hesaplama metodu kullanilarak belirlenmektedir. Bunlar arasinda en kabul goren yaklagim IPCC
Tier 1 yaklagimidir. Bu metot ile ulastirma sektoriindeki araglarin kullandiklar1 yakitin tiirline bagl
olarak olusturacaklari GHG emisyonlar1 hesaplanabilmekte, Tier 2 ve 3 yaklasimi da dahil edildiginde
arag tiirii, ara¢ sayisi, yol mesafesi vb. parametreler de hesaplamaya dahil edilerek CO, esedegeri
cinsinden emisyon envanteri c¢ikarilabilmektedir (Pekin, 2006). Ancak bir karayolunun ingaat
asamasindan baslamak {izere, isletmeye alimma ve kullanim 6mrii dahil olmak iizere ¢evreye salim
yaptig1 GHG emisyonlarinin CO, esedegeri cinsinden envanterinin belirlenmesi o yol ingasina ait karbon
ayak izinin hesaplanmasimi gerektirir. Bu konuda literatiirde ¢ok fazla ¢aligma olmamasina ragmen; yol
insaati GHG emisyonlari, iklim degisikligine olan 6nemli katkilar1 nedeniyle uzun bir siiredir énemli
bir endise kaynagi haline gelmistir. Ciinkii karayolu projelerinin yasam dongiisii boyunca, GHG
emisyonlarinin ¢ogunlugu insaat agamasina aittir. Son yillarda basta gelismekte olan iilkeler olmak iizere
tiim diinyada biiyiik miktarlarda yol insa edilmis olup, 2050 yilina kadar 25 milyon kilometreden fazla
yeni yol insa edilecegi tahmin edilmektedir. Karayolu insaatlarinin, malzemelerin ¢ikarilmasi ve
iiretimi, sahaya nakliye ve ingaat makineleri kullanimi gibi faaliyetleri ingaat asamasinda karayolu
tasimacilifindan kaynaklanan toplam emisyonlarin %5 ile %25’ine karsilik GHG emisyonlar
iiretmektedir. Son yillarda karayolu insaati asamasinda sicak karisim asfalt teknolojisi, yesil beton
teknolojisi, atik geri doniisiim teknolojisi, fotovoltaik kaplama teknolojisi vb. gibi birgok enerji tasarrufu
ve emisyon azaltici dnlem alimmasina ragmen bu yontemlerin kiiresel 6l¢ekte yaygmlagsmamasi dnemli
cevresel etkiler ve GHG emisyonlari ile karayollarinin hala tartisma konusu olmasina sebep olmaktadir.
Bu nedenle karayolu ingaatlarinin karbon ayakizi hesaplamalari 6nem kazanmaktadir (Yu vd., 2022).

Bu amagla bu calismada yol yapim ve iyilestirmelerinden kaynaklanan emisyonlar1 en aza indirecek
coziimler belirlemek icin Ozellikle gelismekte olan iilkeler i¢in yol insaatlarinin karbon ayak izi
tahminini saglayan ROADEO modeli kullanilarak Karaman-Mersin arasinda 3.3 km’si Sertavul Tiinel
ingaati olmak iizere toplam 10 km’lik karayolu ingaatinin GHG emisyonlar1 hesaplanmistir. Program
yol ingaat1 i¢in gerekli zeminin hazirlanmasi, yol malzemesi temini, malzemenin taginmasi ve ingaat
esnasinda kullanilan arag-gerec, makine-techizat vb. gibi ekipmanlar, yol aksesuarlari ile yolun ulagim
amacl kullanim1 esansinda meydana gelecek GHG emisyonlar1 hesabini esas almaktadir.

2. MATERYAL VE METOT /MATERIALS AND METHODS

2.1. ROADEO Modeli

ROADEQO, yol insaati GHG emisyonlarinin degerlendirilmesi ve azaltilmasina yonelik olarak “Yol
Emisyonlar1 Optimizasyonu: Yol Insaati ve Rehabilitasyonunda GHG Emisyonlarmin Azaltilmasina
Yonelik Bir Ara¢ Seti” ismi ile hazirlanmis ampirik bir GHG hesaplama rehber aracidir. Asya
Siirdiiriilebilir ve Alternatif Enerji Programi (ASTAE) tarafindan finanse edilmis ve Diinya Bankasi
(WB) Dogu Asya Siirdiiriilebilir Kalkinma Altyap1 Birimi yonlendirmesiyle gelismekte olan iilkeler igin
hazirlanmigtir (URL-1, 2011). Modelin her uygulama sahasi i¢in net sonuglar vermesi beklenmez ancak
bilgi eksikligi durumlarinda ve drnegin planlama ve erken fizibilite calismas1 asamalar1 gibi 6zellikle
projelerin erken asamalarinda model belirli tahminler elde edilmesine yardimci olur. Sekil 1°de
ROADEO modelinin yol yapim emisyonlarimi hesaplamada kullandigi akis semas1 goriilmektedir.
Model ilk asamada yol calismasi 6gelerinin miktarlarini hesaplamaya yardimet olur. Ikinci asamada ise,
yol ¢alismalari miktarlarina ve projenin genel 6zelliklerine bagli olarak her bir GHG kaynagi i¢in
emisyon envanterini hesaplar. Model dili Ingilizce oldugu i¢in ¢calismada sunulan tiim tablo ve sekillere
ait ekran goriintiileri de Ingilizcedir. Programa gére yol yapim isinden kaynakli GHG emisyonlarmin

153



ROADEO modeli ile Karayolu Insaati Karbon Ayak Izinin Tahmini: Karaman — Mersin Yol Yapim Ornegi
Estimation of Road Construction Carbon Footprint with ROADEQ: The Case Study of Karaman — Mersin Road Construction

iiretimine ve salimina katkida bulunan siirecler; sahanin temizlenmesi, alt zeminin hazirlanmasi, insaat
malzemelerinin {iretimi (graniiler alt temel, temel tabakasi, ylizey kaplama), saha teslimati, insaat isleri
ile denetim, bakim faaliyetleri vb. gibi devam eden caligmalardan olusmaktadir. Her proje veya alt
projeye iliskin toplam GHG emisyonlari, kullanilan ekipmana, yerel kosullara ve standart ingaat ve
bakim uygulamalarina dayali olarak hesaplanmaktadir. Dolayist ile elde edilen sonuglar belirtilen
siirlar ¢ergevesinde bir tahmine dayanmaktadir (URL-2, 2010).
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Sekil 1. ROADEO modelinin genel akis semasi.

Kullanicilar i¢in program bazi durumlarda geliski yaratabilir. Ornegin; kullanicilarin GHG emisyon
hesaplamalarin1 etkileyen parametrelerin ¢ogunu ayarlayabilmesi ve kendi 6zel proje kosullarini
degerlendirmelere ve hesaplamalara entegre edebilmesi i¢cin miimkiin oldugu kadar agik veriye ihtiyac
vardir. Hesaplama parametreleri i¢in degerlerin se¢iminde kullanicilarin verdigi kararlar, sonuglar
tizerinde biiyiik bir etkiye sahip olabilmektedir. ROADEO’dan elde edilen miihendislik veya ampirik
sonuglar, kullanicinin projesinin 6zel durumunu temsil etmeyebilir ve varsayilan degerleri kullanmadan
once dikkatli bir sekilde degerlendirilmelidir. Bir projenin her agamasinda kullanilabilecek ve karar
almaya bilgi saglayacak acik, seffaf, esnek bir hesaplama yontemi gelistirilmelidir.

ROADEO modeli kullanilarak bir yol projesinin iirettigi GHG emisyonlari; planlama/fizibilite
caligmalari, ayrintili tasarim ve projenin uygulanmasi/tamamlanmasi agamalar1 olmak iizere {i¢ agamada
degerlendirilir. Programin yol yapim asamasinda olugmasi muhtemel olarak belirledigi GHG emisyon
kaynaklari; arazi kullanimi, hafriyat islemleri, drenaj, yol iistyapisi, yol altyapisi, trafik isaretleri gibi
yol aksesuarlari, peyzaj, kamu hizmetleri ve trafik yonetimi olarak belirlenmistir. Bu nedenle tiim bu
bilgiler programin gerektirdigi sekli ile hesaplamaya dahil edilmistir.

Calisma Sahast Bilgileri

Karaman-Mersin arasinda yapilan toplam 10 km uzunlukta ve 3.3 km Sertavul Tiinelini de igeren yol
insaat1 yapim sahasi ve tiinel yapimina ait ¢calisma sahasi goriintiisii Sekil 2°de gosterilmistir.
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Sekil 2. Karaman-Mersin on calismast gérﬁnfﬁsﬁ.
3. BULGULAR VE TARTISMA/ RESULTS AND DISCUSSION

Karaman-Mersin arasinda inga edilen 10 km’lik, 3.3 km’si tiinel olan karayoluna ait; yol uzunlugu, serit
say1s1, serit genisligi, yol listyapis1 genigligi-tiirii, mevcut yolun genisligi, genel yol altyapisi kesit profili
ile yol proje uzunlugunun yiizdesi olarak; daglik arazide yol uzunlugu, kentsel alanlarda yol uzunlugu,
mevcut boyuna drenajin uzunlugu, mevcut ¢apraz drenajin uzunlugunun gerekli olan yiizdesi, kesme ve
doldurma ytlizdesi arasindaki dengeyi belirten parametre ve toprak hacminin yiizdesi olarak kayalik
topragin hacmi (%) bilgileri gibi genel proje bilgileri temin edilerek modelin ilk girdi ara yiiziine
(INPUT DATA) kaydedilmistir. Bu verilerin model girdisi olarak kullanildig1 model ara yiiziine ait bir
ekran goriintlisii ise Sekil 3’te gdsterilmistir.

| Subgrade strength class | list Standard Soil (5%-8%]
1Ex; d traffic list Very low traffic [<0.3 Million ESA]
& 1t structure type list Bituminous p it on g materials
Overlay structure type | list 0.00
| Type of barrier material list Steel
Type of structure (standard bridges) list
Type of structure (major bridges) | list
Type of structure (wall) list Rei concrete
of tunnel m 3,300
Ew:peraie Mountain System (>20 years) Il % 50%
| Temperate Mountain System (>20 years) % 20%

Sekil 3. Calismada kullanilan yol verilerinin model ara yiiziindeki gdsterimi.
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Calismada ilk 6nce Karaman-Mersin arasindaki yol insaatina ait sahadan temin edilen verilerin
ROADEO modeli islenmesiyle (Sekil 3), programin yol insaatina ait kendi hesapladigi veriler
karsilagtirilmistir (Tablo 1).

Tablo 1. Gergek Proje Verileri ile ROADEO Model Verilerinin Karsilastirilmasi.

Karayolu insaat bilgileri Proje Verileri Prograi%i?iﬁ?i
Temizleme ve kazima alan 200,000 m? 134,670 m?
Alt zemin hazirlama alani 147,000 m? 73,700 m?
Yeni kesit I5m I5m
Ortalama kesme ve doldurma yiiksekligi S5m 9m
Kesim hacmi 800,000 m* 114,470 m?
Tahliye edilen topragin hacmi 450,000 m* 55,804 m3
Dolgu olarak yeniden kullanilan topragim hacmi 200,000 m* 30,048 m?
Tahliye edilen sert kaya hacmi 200,000 m*

Kaplama katmani olarak yeniden kullanilan sert kaya hacmi 100,000 m? 28,617 m?
Dolgu olarak yeniden kullanilan sert kaya hacmi 200,000 m?

Doldurma hacmi 400,000 m? 1,030,226 m?
Malzeme ocagindan gelen dolgu hacmi - 1,000,177 m?
Dolgu iyilestirme hacmi - 6,010 m®
Alt zemin aritma hacmi 44,100 m3 22,110 m?

Tablo 1’e gére Karaman-Mersin arasinda yapilan 10 km’lik yol yapim ¢aligmasina ait kazi alan1 200,000
m? olarak elde edilmisken ROADEO modeli bunu 134,670 m? olarak tahmin etmistir. Genel olarak
model tahminleri, bolgenin ve iklimin sartlarindaki degiskenlikler de géz Oniine alindiginda projeden
elde edilen verilere yakin niteliktedir. Bu nedenle ROADEO modelinin mevcut saha calismasina
uyarlanabilecegi diisiiniilmiistiir. Ayrica projede bulunmayan ancak g6z Oniine alinmasi gereken
malzeme ocagindan gelen dolgu hacmi, dolgu iyilestirme hacmi vb. bilgilerin de model tarafindan
saglandig1 goriilmektedir. Bu nedenle GHG emisyon hesaplama asamasina gecilmistir. Program
Hafriyat isleri, Drenaj, Yol altyapisi, Yol kaplamasi, Yol aksesuarlari1 ve arazi kullanim
degisikliklerinden kaynakli olmak {izere toplamda 6 ana GHG kaynagina ait emisyonlar1 hesaplanarak
sonuglar Sekil 4’te gosterilmistir. Pasta grafikler Programin iirettigi sekli ile kullanilmigtir. Buna gore
Karaman-Mersin arasinda yapilan ve 3.3 km’si tiinel olan toplam 31,210 tCO2eq olarak tahmin
edilmistir. Programa goére bu GHG emisyonlarinin en yiiksek kaynagi %58 ile yol altyap1 insasi ve
ardindan %31°lik pay ile hafriyat igleridir. Yol altyap1 insasinin en yiiksek GHG emisyonlarina sahip
oldugu goriilmektedir. Bu emisyonlar1 takiben arazi kullanim degisiklikleri ve yol aksesuarlar1 %5°lik
pay ile 3. siradaki GHG emisyonlar1 arasinda yer almaktadir. Drenaj calismalar1 %1°lik emisyona payina
sahip olurken, 20 tCO,eq GHG emisyonu ile yol iistyapisindan kaynaklanan GHG emisyonlart %1’in
altinda kalmistir.

Arazi Kullanim
Yol Degisikligi
Aksesuarlari ’
’ 1.500 tCO.eq, .
1.480 tg:Ozeq, 59 289 Hafriyat isleri,
5% 9.730 tCO,eq,
31%
Yol Altyapisi,
18.100 tCO,eq, .
58% Drenaj, 38 ..
tCO,eq, 1% Yol Ustyapisi,

20 tCO,eq, 0%

Sekil 4. Karaman-Mersin Yol Yapim Insaat Isine Ait ROADEO modeli ile Hesaplanan Toplam GHG
Emisyonlarinin Kaynagi ve Dagilimi (tCOzeq).
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1 km’lik bir yol ingaat projesinden kaynaklanan toplam GHG emisyonlar1 Cin ve Endonezya’daki saha
caligmalarindan 700-1.700 tCO,eq arasinda hesaplanmistir. ROADEO modeli kullanilarak
Vietnam’daki 1 km’lik bir yol bakim/iyilestirme projesinden kaynaklanan toplam GHG emisyonlar1
300-500 tCOseq arasinda hesaplanmistir. Bu ¢alismada ise 1 km yol insaatindan kaynaklanan toplam
GHG emisyonlar1 3,121 tCO»eq olarak hesaplanmistir (Albuquerque vd. 2020).

Literatiir caligmalarina gore hafriyat faaliyetlerinin yol ingaati agamasinda iiretilen emisyonlarin %60-
85’ini olusturdugu belirlenmistir. Hafriyat faaliyetlerini ise insaat malzemeleriyle ilgili emisyonlar ve
cervesel sistemlerdeki bozulmalar takip etmektedir. Tasima sirasindaki emisyonlarin da yol ingaati
esnasinda olusan emisyonlara ¢ok az katkist oldugu belirlenmistir. Literatiir sonuclari bu caligmada elde
edilen sonuglar ile paralellik gostermektedir ve hafriyat i¢in meydana gelen GHG emisyonlart %59
olarak hesaplanmistir. Ayrica literatiir ¢aligmalar1 insaat malzemelerinin imalat1 ve ¢ikarilmasinin
GHGna katkida bulunan ana faktorler oldugunu gostermektedir. Agrega ve temel malzemeler, ¢cimento,
bitlim ve ¢elik aksamin yol yapim isinde en fazla kullanilan ingaat malzemeleri oldugu tespit edilmistir
(Albuquerque vd. 2020).

ROADEO modeline gore bu toplam GHG emisyonlar1 programin {i¢ temel bilesenini olusturan; ingaat
isinin tirti (Materials), kullanilan ekipman (Equipments) ve bu malzemelerin tasinmasi (Transport)
asamalarindan meydana gelen gelmektedir. Bu nedenle Karaman-Mersin yol yapim ingaatindan
kaynakli bu ii¢ temel GHG emisyon olusturucularin dagilimi da hesaplanmistir ve sonuclar Sekil 5°te
gosterilmistir. Buna gore Karaman-Mersin yol ingaatinin GHG emisyonlarinin %59’u malzeme
kullanimindan kaynaklanmaktadir. Yol yapiminin ikinci énemli GHG kaynag1 %35°lik bir pay ile bu
malzemelerin taginmasini olustururken, son GHG kaynagi olarak %6’lik bir pay ile yol ingaatinda
kullanilan arag-gereg, makine-teghizat gibi ekipmanlar yer almaktadir.

Tagima, 11.010
tCO,eq, 35%

Malzeme,
18.520

Ekipman, 1.680 tCO,eq, 59%

tCO,eq, 6%

Sekil 5. Karaman-Mersin Yol Yapim Insaatinin ROADEO modeli ile Hesaplanan Temel GHG Emisyon
Olusturucularinin Dagilimi (tCO2eq).

Sekil 5’e gore karayolu insaatinda en yliksek GHG emisyon olusturucu kaynak %59’luk pay ile malzeme
kullanimina aittir. Literatiirde yapilmis bir ¢aligmada dort seritli, 1 km uzunlugundaki bir otoyol i¢in
toplam emisyonlarin %57 sinin ingaat malzemelerinin {liretim asamasinda meydana geldigi tahmin
edilmistir (Albuquerque vd., 2020). Diger arastirmalar, hafriyat faaliyetlerinin yol ingaati agamasinda
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tiretilen emisyonlarin %60-%85ini olusturdugunu gostermektedir (EAPA 2004). Ayrica Angelopoulou
vd., (2009) yaptiklar1 ¢alismasinda; yol ekipmanlarinin (¢elik ve beton gibi yol kenari bariyerlerinin)
GHG emisyonlarinin %5’ine katkida bulundugunu ortaya koymuslardir.

Singh vd. (2023) yilinda yaptiklari ¢aligmada esnek ve sert zemin yapiminda kullanilan genel malzeme
yerine geri doniistiiriilmiis malzeme kullanimiyla GHG emisyonunu %14,6 ve %3,6 oraninda
azaltilabildigini tespit etmistir (Singh vd., 2023). Calismanin bir diger asamasinda ise ROADEO modeli
ile Karaman-Mersin yol yapim insaat islerine ait malzeme, ekipman ve tasimadan kaynaklanan GHG
emisyon olusturucularin dagilimi hesaplanmistir. Sonuglar Tablo 2’de gosterilmistir.

Tablo 2. Karaman-Mersin Yol Yapim Insaat Isine Ait ROADEO modeli ile Hesaplanan Temel GHG
Emisyon Olusturucularinin Dagilimi (tCO2eq).

GHG, tCO2¢eq Malzeme, % Ekipman, % Tasima, %
Hafriyat Calismalari 1 6 93

Yol Ustyapisi 0 0 100

Drenaj 87 3 10

Yol Altyapisi 84 6 10

Yol Aksesuarlari 95 2 3

Bu calismadan elde edilen sonuclara gore; 1 km’lik yol ingasindan sirasiyla; yol altyapist i¢in 1810
tCO.eq, hafriyat islemlerinden 973 tCO.eq, yol aksesuarlarindan 148 tCOzeq, arazi kullanim
degisikliginden 150 tCO.eq, drenajdan 38 tCO.eq ve yol iistyapi islerinden 2 tCOzeq GHG emisyonlart
meydana gelmektedir. Karayollar1 Genel Miidiirliigiiniin resmi verilerine gore lilkemizde 2023 yilinda
387 km yol insa edildigi (KGM, 2023) diisiiniildiigiinde bu emisyonlarin 6énemi ortaya ¢ikmaktadir.
Cin’de 2008-2020 yillar1 arasinda inga edilen toplam yol projelerinden 300 milyon tCO.eq fazla GHG
emisyonu olustugu belirtilmistir. Ulkemizde de 2003-2023 yillar1 arasinda 23,272 km yol yapildigi g6z
oniine alinirsa, ROADEO modeli kullanilarak bu ¢alismadan elde edilen sonuglar géz 6niine alindiginda
yaklasik 70 milyon tCO.eq GHG emisyonu olustugu tahmin edilebilir.

4. SONUC VE ONERILER/CONCLUSIONS AND SUGGESTIONS

Uluslararast Enerji Ajansi’nin 2005 yilinda yaptig1 bir aragtirmaya gore karayolu araglari, trenler,
gemiler ve ugaklar dahil ulastirma sektoriiniin GHG emisyonlariin ikinei biiyiik iireticisi oldugunu
ortaya koymustur. Karayolu tagimaciligi ise ulastirma sektorii GHG emisyonlarinin yaklasik yilizde 90
ila 95’ini olugturmaktadir (URL-1, 2011). Bu duruma yol yapim insaatlarinin yagam dongiisii boyunca
urettigi karbon ayakizi de eklendigi zaman, karayollar1 oldukga biiyiik emisyon {ireticisi durumuna
gelmektedir. Ozellikle gelismekte olan iilkelerdeki yol yapim, onarim, bakim ve yenileme siirecleri
eklendiginde antropojenik GHG emisyonlarinin yilizde kirkindan fazlasini olugturmaktadir. Ancak yine
de karayolu insaatina ait GHG emisyonlarinin tahmin edildigi ¢alismalar yeterli seviyede degildir. Bu
amagla bu ¢alismanin literatiirdeki karayolu ingaati ayakizine ait az sayidaki ¢calismaya bir katki sunmasi
amaclanmistir.

ROADEO modelinden ¢ikan sonuglara gore; yol yapim ingaatinda kullanilan malzemelerden ¢imento,
asfalt ve ¢elik gibi malzemelerin CO2 emisyonunun yiiksek oldugu goriilmektedir. Bu nedenle diisiik
karbonlu teknolojilerin secilmesi ve yliksek karbonlu veya karbon yogun malzemelerin diisiik karbonlu
malzemelerle degistirilmesi ile diisiik GHG emisyon degerleri saglanabilir. Insaat ve malzeme ile ilgili
emisyon azaltma teknolojilerine 6rnek olarak; ¢imento yerine ugucu kiil ve ciiruflarin kullanilmasi, ¢elik
tesislerinde CO. igermeyen celik iiretim teknolojileri, kirma tesislerinde dizel yakit yerine elektrik
kullanilmasi, biyo-bazli bitiim iiretimi, kauguk asfalt kullanimi, yerinde kire¢ stabilizasyonu, ¢imento
iretiminde biyo-bazli yakit kullanimi verilebilir. Ayrica geri donistiirilmiis ¢elik kullanimi, geri
doniistliriilmis asfalt kullanimi ile santiye sahasindaki i makineleri i¢in diisiik karbonlu yakitlar ile
elektrikli uygulamalar gibi siirdiiriilebilir yaklagimlar benimsenebilir (Liu vd., 2022). Karayolu
ulasima agildiginda optimum bakim stratejisi, kaplama piiriizliiliigiiniin kontrol edilmesi gibi
uygulamalar da albedo iyilestirmesi ac¢isindan iyi birer 6rnek teskil edebilir. Ulasim esnasinda meydana
gelecek GHG emisyonlan azaltmak igin ise; araglarin akisinin standart bir sekilde olmasi, yoldaki
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ulasimi esnasinda tonaj1 yiiksek kamyonlar yerine daha yeni araglarin veya filolarin kullanilmasi, bu
araclarin yakitlarmin dizel olmast gibi uygulamalar gerceklestirilebilir. GHG emisyonlarinin
malzemelerin taginmasi agamasindaki artigint 6nlemek i¢in en 6nemli nokta malzemenin en yakin
kaynak alanindan getirilmesi olarak degerlendirilebilir.
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Abstract

Cities are settlements formed within socio-cultural and economic contexts, where sudden
events affecting large populations can occur. The increasing rate of urbanization, excessive
consumption of resources, inadequate infrastructure, unplanned development, and inefficient
services make cities vulnerable to disasters. Resilience has become a crucial concept for
preparing cities for the future and mitigating potential risks. Urban resilience refers to an
approach that enables the social, communal, economic, and physical infrastructure systems of
cities to recover from disasters or catastrophes with minimal damage. Through this, urban
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settlements can become more sustainable and safer places. This study aims to examine the
reconstruction of urban form and the processes of urban resilience following the earthquakes
in Elazig. The earthquakes of 2020 and 2023 caused significant damage to the physical, social,
and economic structures of Elazig. In this context, the study highlights the importance of
spatial planning and disaster risk reduction strategies in enhancing urban resilience within the
urbanization process of Elazig. First, the historical development and changes in the urban form
of Elazi1g are analyzed. Subsequently, the natural and human-induced processes that caused
these changes are evaluated to assess the city’s resilience status.

1. INTRODUCTION

Cities are settlements formed within a socio-cultural and economic context, where sudden events
affecting large populations can occur (Tiirkoglu & Elmastag, 2022). Environmental impacts resulting
from the increase in urbanisation, excessive consumption of resources, inadequate infrastructure,
irregular planning, and inefficient services make cities increasingly vulnerable to disasters (Biiylikozkan
et al., 2022). Historically, urbanisation progressed slowly. Before the 1600s, merely 5% of the world's
population resided in urban areas. This figure rose to 7% by the 1800s and 16% by the 1900s (Ritchie
et al., 2024). However, with the onset of the 20th century, urbanisation trends reached their peak.
According to the UNPD (2024), 55% of the world’s population currently resides in cities, while 45%
lives in rural areas. This ratio is expected to shift further in favor of urban areas in the coming years. By
2050, projections suggest that 68% of the world's population will reside in urban areas (UNPD, 2024).
While cities are growing rapidly on the one hand, on the other hand, especially in developing countries,
they have become places that are unplanned, lack adequate transport and infrastructure, urban services
are not developed in a sufficiently inclusive manner throughout the city, crowded, and vulnerable to
disasters and other risks (Tugag, 2019).

Natural and man-made disasters affect urban settlements at different rates. Especially cities undergoing
rapid urbanisation processes are caught unprepared against disasters. Rapid population growth,
excessive urban growth, inadequate infrastructure and superstructure and insufficiency of urban
functions reduce the resilience of cities against disasters. The preparedness of cities for disasters and
their adaptation capacity show their resilience. Urban resilience is the preparedness of the city against
all natural, human, sudden or slow, expected or unexpected hazards. Resilience refers to the capacity of
a system, community, or society exposed to risks to endure, assimilate, adjust to, transform, and recover
from the impacts of the hazard in a timely and efficient way, encompassing the safeguarding and
restoration of its essential structures and the management of risks (Figueiredo et al., 2018; Wannous &
Velasquez, 2017).

The concept of resilience initially arose as a way to describe how ecological systems address the risks
they encounter and adapt to the consequences of changes (Holling, 1973). The concept has since been
applied across various disciplines, such as engineering, natural sciences, social sciences, information
technology, and disaster science (Koliou et al., 2020; Sajjad et al., 2021). The scope and applications of
resilience vary according to the area where it is used. Resilience is the capacity of a system to react to
unforeseen events, risks, and changes in a manner that prevents or reduces their impacts (Biiyiikozkan
et al., 2022). Urban resilience is a system that can take measures against possible disasters that cities
may encounter and make the socio-economic structure of the city resistant to disasters. This resilience
is defined as preparing the city for risks before and after disasters, managing them and reorganising
urban life (Berkes & Ross, 2013; Yoon et al., 2016).

Resilience has become an important concept to prepare cities and take precautions against possible
future risks. Urban resilience is a practice that will enable the social, social, economic and physical
infrastructure systems of cities to survive a disaster or catastrophe with minimum damage. In this way,
urban settlements can become sustainable and safer places. However, by its very nature, resilience can
be observed and characterized after a disaster, which makes it difficult to measure and therefore analyze
before a disaster occurs. In this context, it has become important for politicians, urban and regional
planners, urban regeneration experts, geographers, and other researchers to prepare cities, which are the
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most significant population hubs, for disasters and to organize and implement post-disaster decisions
effectively. However, the main challenge in creating the organization scheme of urban resilience is how
to best predict the spatial and temporal conditions of the disaster (Sajjad et al., 2020). In this context,
factors such as different population density in rural and urban areas, land use, etc. limit the
administrative organisations.

The most damaging disasters that cities encounter today are natural events like earthquakes, floods,
landslides, wildfires, climate change, as well as epidemics such as COVID-19. Existing large cities are
less resilient to disasters as they are unable to organise well the basic form and function characteristics
inherited from the plans made 70-80 years ago and the growing uncertainties and changing needs of
today (Gergek, 2021). In addition, factors such as excessive urban growth, maximization of carbon
emissions and improper land use also increase this vulnerability. One of the key strategies to enhance
the resilience of existing cities is to implement preventive measures before a disaster occurs. A resilient
city is a structure that can change itself by resisting the stress arising from the negative effects of social,
economic and environmental problems and can construct itself according to the new situation, which
can generally be defined as a smart city. Therefore, a smart and resilient city is the result of contemporary
and resilient planning of urban settlements to manage urban changes (Lfarakh, 2021). OECD has
explained urban resilience through four important components: social, economic, managerial and
environmental (Figueiredo et al., 2018) (Figure 1).
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Figure 1. Measuring resilience. (Figueiredo et al., 2018)

The OECD approach evaluates the core economic, social, environmental, and institutional dimensions
of urban resilience collectively and in relation to one another. The basic logic here is that isolated
policies that are not associated with each other will prevent the correct determination of measures against
risks and will prevent the achievement of urban resilience(Tugag, 2019). In other words, resilient cities
are settlements that show social, spatial, institutional and economic integrity in terms of sustainability.

Tiirkiye’s geography has a high disaster risk potential due to natural hazards such as earthquakes, floods,
landslides, and demographic pressures like overpopulation. Recent earthquakes reveal the importance
of spatial planning and risk mitigation action plans. A spatial planning approach that includes urban risk
assessment studies for predetermining the hazards that constitute risks and determining the level of
vulnerability can reduce the negative social and economic impacts of possible disasters (Tiirkoglu,
2014). Therefore, it is critically important to engage in proactive planning to mitigate disaster risks in
cities. Resilience of a city to disasters is related to the capacity of urban individuals, institutions, urban
functions to survive, adapt and develop against all kinds of disasters regardless of their source.
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In this study, which has experienced such great disasters, a history and geography based urban
morphology approach has been adopted to define how the city has reacted to many of these disruptions,
with a special emphasis on the experiences of Elazig from 1923 to the present. In this study, in order to
make an urban and morphological settlement history analysis, a number of interdisciplinary literature,
especially history and geography studies (Tezer & Ozgiir, 2018), were brought together to have an
overview of the facts, and a critical analysis of the processes was made, focusing on the processes of
exposure to disasters over several generations. Thus, the changes caused by the disasters affecting the
city since the formation of the first urbanization core of Elazig to the urban physical space, macroform
and area size, administrative structure, transportation infrastructure, population size and structure,
economic, social and cultural structure have been explained. At the same time, how these changes
affected urban resilience was discussed from a critical standpoint.

1.1.Study Area

In this study, we are talking about the reconstruction process of Elazig -one of the youngest cities of
Tiirkiye-, after natural disasters (Figure 2). Throughout history, the city and its inhabitants have been
transformed by many periods of disruption, transition, and recovery. Elazig is a city which was
established on a plateau surrounded by fertile agricultural plains which are 5 km away from the city
itself. The city is the surviving continuation to the historic city of Harput. Harput, one of the oldest
settlements in Anatolia, has served as a home to numerous civilizations throughout history (Akdemir,
2013; Karakas, 1999).
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Figure 2. Study Area Location Map

Until the twentieth century, Elazig was a rural neighborhood of Harput. Its current population is 443,448.
However, exactly a century ago, the opposite was the case. In particular, the excess of topographically
habitable areas, the developments in transportation and communication lines and the political, social
and economic developments experienced throughout the country have accelerated the urbanization
process.
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2. METHOD

In studies on disaster resilience 62% of the publications are conceptual, 12% are literature reviews and
26% are analytical studies(Biiyiikdzkan et al., 2022; Ribeiro & Pena Jardim Gongalves, 2019; Sharifi,
2020; Witt & Lill, 2018). In these studies, the methods to be used in the measurement and evaluation of
resilience are divided into two categories as qualitative and quantitative (Yiiksel & Karagor, 2021)
(Figure 3).
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Figure 3. Urban Resilience Research Methods

Qualitative and quantitative methods differ according to the location and the subject to be focused on.
However, a model is required to construct the relationship between vulnerability and resilience in urban
scale studies. Cutter et al. (2008) emphasizes that it is difficult to measure resilience in absolute terms,
so indicators should be used to determine a comparative approach and ranking. This helps to identify
the key elements of the targeted system or unit of analysis, make a comparison, identify weak and strong
points, and make it easier to know how to make plans to improve the system and where to direct funds
(Cimellaro, 2016). In this context, the method to be followed in the research was "Top-down approach"
and "Semi-Qualitative Indexes" were used to analyses the city, neighborhood and building scales.
Within the framework of the top-down approach, the analysis of urban resilience starts with an emphasis
on the evolution of the city through its historical development journey. Subsequently, the natural and
human factors influencing changes in the urban form are assessed.

3. THE RESEARCH FINDINGS AND DISCUSSION

3.1. Historical evolution: History of Elazig and the Turkish context

The socio-cultural history of Elazig is important to understand its urbanization process. Because the
city, which is considered as Elazig today, was established as a continuation of the old city of Harput.
Harput was a city located in the east of Anatolia, at the intersection of important roads connecting many
regions(Kopar, 2007). This historical city, which was approximately 1450-1500 meters above sea level,
was surrounded by important water resources such as the Euphrates and Murat rivers, as well as fertile
plains (Sengiin, 2012). Geographically, it is integrated with some trade routes in Northern and Central
Anatolia and Northern Mesopotamia, the Caucasus, Syria and Iran due to its location connecting cities
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in the south, north, east and west directions. Owing to these characteristics, the city has been a significant
settlement center since ancient times and has served as a host to numerous civilizations (Uzun & Cakar,
2016). Since 1085, it has been developed and organized as an administrative center (Kopar, 2007).
However, factors such as the loss of the importance of Harput as a fortress city, the lack of space for
spatial development, and the difficulty of transportation caused it to be moved to the area where today's
city of Elazig is located (Akdemir, 2013; Ering, 1953; Hayli, 1998; Karakas, 1999; Saribeyoglu, 1951;
Sergiin, 1975).

The historical city of Harput began to lose its importance after the 1900s, while Elazig began to grow
socially, economically and physically. Up to the first quarter of the 20th century, Harput was the
dominant city. However, with the proclamation of the Turkish Republic in 1923, the concept of central
governance shifted, marking the official end of the Ottoman Empire and the establishment of the
Republic of Tiirkiye. With the establishment of the Republic, Elazig officially became the city center.
However, the new Republic, founded after the collapse of the deeply rooted Ottoman Empire, faced
numerous challenges, particularly in social, economic, educational, and healthcare sectors, which
constrained the development of cities. Additionally, during the first half of the twentieth century,
Tiirkiye, despite maintaining neutrality in World War 11, was still impacted by globally significant
events. (Ersoy, 2013). During this period, the newly established Republic adopted a policy of
distributing the population more evenly throughout the country by creating new development centers in
Anatolia. As a result of these policies, state supported investments have increased in Elazig. In the early
stages of Elazig's development as a young Anatolian city, state investments accelerated its urbanization
process. The increase in infrastructure, industry and state investments in the city has caused intense
migration from rural areas. After 1956, the widespread use of electricity, the establishment of cement,
sugar and yarn factories, the development of road infrastructure throughout the country, the Keban dam,
which is Tirkiye's first major investment in the field of energy, and the establishment of the
hydroelectric power plant, led to the acceleration of the city's urbanization (Akdemir, 2013; Karakas,
1999). All these investments have created new fields of work, and therefore caused the population to
increase exponentially. In addition, the flooding of many rural settlements due to the construction of the
Keban dam caused many settlements to become uninhabitable and the population once living in those
areas were introduced into the city with state resources. During the latter half of the twentieth century,
Flazig, a medium-sized Anatolian settlement, began to form a distinct identity and a distinctive urban
character.

After World War II, the state implemented policies aimed at promoting the entire national territory to
achieve balanced economic growth (Brenner, 2004). However, by the late 1970s, the state's development
strategy shifted focus to the urban level (Yildirim, 2021). Tiirkiye has adopted a similar policy and has
implemented an economic development model that embraces balanced development between regions at
the spatial level (Ersoy, 2013). These policies, the increasing oil prices on a global scale in the 1970s,
the decline in the profit rates of multinational companies, the economic embargoes imposed by the
United States and European countries due to the 1974 Cyprus peace operation, the political debates
within the country (right-left conflict) and the social, economic and cultural instability that followed,
has prepared a suitable ground for the formation of marginal groups, terrorist organizations and their
actions (Sahinalp & Giinal, 2016). This situation has pushed the rural population in Eastern Anatolia
and Southeastern Anatolia, where different ethnic groups live together, to migrate to other locations
(Karakas, 1999). During this period, Elazig was subjected to an intense migration due to the terror
incidents taking place in the surrounding provinces. In fact, despite the political and economic stagnation
across the country, the growing urban population brought with it a rapid urbanization, and sadly, urban
resources could not meet the demands of the new inhabitants of the city. Thus, the housing problem,
which is one of the most fundamental problems in cities, has emerged. The inadequacy of the economic
resources of the newly introduced population into the city and the lack of a plan and project to solve this
problem by the state, created the slums within the city. Slums can be defined as houses built in a hurry
on vacant lands belonging to third parties or state-owned lands, in violation of zoning regulations. This
problem has become commonplace in almost every city throughout the country, especially in big cities
such as Istanbul, Ankara, Adana and Izmir, but also in other cities in Anatolia. Since the 1980s, with
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neoliberal policies, the state has systematically intervened in slum areas and provided incentives for the
commercialization of these areas (Y1ildirim, 2021). During this period, new neighborhoods were added
to the urban pattern of Elazig. After the 1980s, the urbanization process continued with the new housing
projects for the increasing population, the transformation of slum areas, mass housing constructions and
post-disaster construction processes. As a result, Elazig, the new city of the new Republic, which was
established with the collapse of the Ottoman Empire, has developed as a city affected by global
developments with its socio-cultural and economic structure, not particularly as the continuation of
Harput of the past.

3.2. Understanding Elazig in the Earthquake Disaster Context

Disaster risk is a significant threat for dense urban areas, as recent events have shown (Hochrainer &
Mechler, 2011). Despite the abundance of scientific knowledge on the causes and effects of hazards
triggered by natural disasters and the significant advancements in technical methodologies to mitigate
their impacts, disasters continue to have devastating consequences, particularly in developing countries.
(Sengezer & Kog, 2005). Disasters occurring in medium-sized cities of developing countries such as
Tiirkiye have caused social, economic and environmental damages. Elazig, a medium-sized city in
Anatolia, has been shaken by earthquakes with severe and ongoing effects on its social, economic, built
and natural environments. There are three important fault zones in Tiirkiye. These fault zones are the
North Anatolian Fault, the Aegean Region faults and the Eastern Anatolian fault. The Eastern Anatolian
Fault is about 550 km long (Figure 4). There are a large number of settlements along this fault. Many
earthquakes have occurred on the East Anatolian fault line since 1900 (Figure 5). Settlements located
over the fault line have been identified as the areas with the highest earthquake hazard (AFAD, 2023).
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Figure 4: The location of the study area on Tiirkiye's earthqu

Elazig, which is located on a 1st degree earthquake hazard area, was shaken by many major earthquakes
in its history, and thus, the rural settlements near the city had to be relocated many times as well (Kokiim
& Ozcelik, 2019; Sunkar, 2018). There have been many earthquakes which were felt by Elazig residents
and even caused various casualties. These earthquakes have had significant social, economic, and
environmental impacts on the city and its residents, affecting them from the past to the present.
Especially in the last 20 years, earthquakes in Sivrice have caused structural damage in various rural
settlements and in the city center of Elazig (Figure 5) (Sahin et al., 2020).
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Figure 5: Distribution of Earthquakes of 5 Mw and above in Elazig

The urban building stock, which was damaged in the 2007 Sivrice earthquake, was heavily affected on
January 24, 2020. In fact, 30% of the buildings damaged in the city of Elazig during the 2007 earthquake
were multi-story and masonry structures (Sahin et al., 2020). Of these structures, the heavily damaged
ones were demolished in a slightly controlled manner. However, during this process, especially in the
damaged buildings, the necessary arrangements were not made, and these buildings were allowed to be
used, although it was known that they would potentially collapse in future earthquakes. Such negligence
reveals an inadequacy in the city's disaster management. It is known that most of the buildings that were
destroyed or damaged in the earthquake on January 24 were structurally vulnerable, 2020, received prior
damages in previous earthquakes and continued to be used without making the necessary arrangements.
Dilek apartment building (Figure 4), which was destroyed in the January 24 earthquake, went through a
similar fate and collapsed in the last earthquake, causing 14 people to lose their lives. In the research
carried out after the earthquake, it was revealed that the building was heavily damaged in 2007, but it
was not demolished and continued to be used with minor repairs URL 1 (Saymaz, 2020).

f Fire 6: 14 people died in Dilek apartment building. Source URL 1.
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The earthquake of January 24, 2020 was an important turning point for Elazig. The earthquake caused
significant damage to numerous structures in the city. After the primary damage observations after the
earthquake by the Ministry of Environment and Urbanization MOE (2020), the type of damage of
buildings by neighborhoods with rapid scanning Figure 7 it is given in. Following the rapid assessment,
it was reported that 230 buildings in the city were destroyed, 9,070 buildings sustained slight damage,
1,278 buildings were moderately damaged, and 2,019 buildings suffered severe damage. (Sikoglu &
Gliney, 2020) (Figure 7). After the 2020 earthquake, the buildings that received minor damage continue
to be used with minor repairs. Heavily damaged buildings have been evacuated and made ready for
demolition. After the inspections, moderately damaged buildings were allowed to be used, if
reinforcement works were carried out.
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Figure 7: January 24, 2020 Earthquake damage status (Sikoglu & Giiney, 2020)

While the post-earthquake reconstruction process continued, two major earthquakes with magnitudes of
Mw?7.7 (depth = 8.6km) and Mw7.6 (depth = 7km) occurred on February 06, 2024, at 04:17 Tiirkiye
time and again at 13:24 on the same day, with the epicenters being Pazarcik and Elbistan districts of
Kahramanmaras (Presidency of the Republic of Tiirkiye, Presidency of Strategy and Budget Directorate,
2023). Eleven provinces were directly impacted by the Kahramanmaras-centered earthquake. In these
affected provinces, damage assessment surveys were conducted for 1,712,182 buildings. As a result, it
was determined that 35,355 buildings had collapsed, 17,491 required urgent demolition, 179,786 were
severely damaged, 40,228 were moderately damaged, and 431,421 sustained minor damage.
(Presidency of the Republic of Tiirkiye, Presidency of Strategy and Budget Directorate, 2023). In a
statement issued by AFAD, it was reported that 50,096 people lost their lives due to the earthquake,
while 107,204 individuals were injured (URL 2). In such a big earthquake, only two people lost their
lives in Elazig. However, numerous buildings within the city, especially moderately and slightly
damaged structures in the previous earthquake, were severely damaged. In examinations conducted by
the Elazig Directorate of Environment and Climate (2023), it was determined that 9 buildings in Elazig
had collapsed, 19 required urgent demolition, 2,306 were severely damaged, 163 were moderately
damaged, and 4,931 sustained minor damage (Figure 8).
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Figure 8: February 06, 2023, Earthquake damage status (Elazig Directorate of Environment and
Climate 2023)

Following the earthquake on January 24, 2020, it turned out that the desired result could not be achieved
with the earthquake that occurred three years later, although measures were taken such as the production
of quality housing in areas with high suitability for settlement throughout the city, the evaluation and
strengthening of the earthquake resistance of the existing building stock, the reorganization of the zoning
plan in a nature sensitive to disasters (Caglar et al., 2023). There are numerous reasons for this, including
structural deficiencies and errors such as inadequate seismic reinforcement details, non-earthquake-
resistant construction techniques, the use of low-quality concrete, and substandard workmanship (Dogan
et al., 2021). In fact, the use of readily-mixed concrete in building construction in Elazig started after
the concrete companies established in the city in 1991 and 1993. In addition, building construction and
building inspection in accordance with earthquake regulations started to be implemented after the year
2000. Considering the seismicity of the city and the fact that no lesson was learned from the earthquakes
experienced in the past, it is possible that similar outcomes will occur in future earthquakes.

In the field studies conducted following the earthquakes, the reasons for the damage the building stock
incurred in Elazig were determined as the problems arising from the design and the deficiencies arising
from the constructions of the buildings (Sahin et. Al., 2020). The main shortcomings caused by the
design are the lack of use of earthquake curtains (reinforced concrete curtains), highlighting architectural
usability rather than durable design, discontinuous arrangement of frame axles in a way that negatively
affects the transmission of earthquake load to vertical carriers, soft floor / weak floor irregularities, the
condition of buildings (adjacent order, discrete order), the number of building floors, and the fact that
buildings built before the year 2000 do not receive engineering services (Avcil et al., 2024; Caglar et
al., 2023; Dogan et al., 2021; Ince, 2024; Zengin & Aydin, 2023). The defects caused by the construction
are insufficient material strength and the arrangement of the carrier system elements without taking into
account the ductile design rules (Figure ) (Sahin et al., 2020; Dogan et al., 2021).

Figure 9: A view of thefully collapse Aykent Bu‘i“ldin URL 3: (Dogan et al., 2021)
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Figure 10: Distribution of structural damage in different urban patterns

3.3. Urban Growth: Between Earthquake and Calamity

The theory of rapid urbanization in urban growth (Bodo, 2019) in Elazig it is one of the exemplary
cities. Among the reasons for the rapid growth of Elazig are rural to urban migration and the increase in
birth rates after the 1950s, as in most developing countries. In addition, the economic development
models implemented on a national scale, the terror events in the region, the integration of the rural
population living in the flooded areas after the construction of the Keban Dam and the changing socio-
economic conditions throughout the country were effective in the growth of Elazig.

In fact, the first urban core of Elazig emerged with the transformation of rural settlements. Until 1950,
the spatial development of the city was limited. In this period, Elazig was mostly a city in the making.
Of course, it can be said that among the reasons for this is the effect of the newly established Republic
and the wars taking place on a global scale (Akdemir, 2013). The shift of the political center of the
country to Central Anatolia has also caused changes in terms of accessibility. Especially due to the
developments in road and railway networks, Elazig has started to cover a larger land area. The
construction of Elazig Train Station was the first state investment that has a positive effect on the spatial
development of the city. During this period, the establishment of various educational institutions and
the establishment of the town hall, led to the rapid transformation of the city center. During this period,
two-storey, masonry buildings, each floor of which is residential, began to become widespread in the
city. These buildings were structures built without engineering services. With the increasing need for
housing and changing urban income rates, these structures started to leave their places to apartment

blocks.
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In the 1950s and 1960s, there was no effective urban planning that could cope with the size and speed
of growth in the region. To address the new housing demands of the growing population, a single and
simple zoning permit could be obtained with the sole decision of the local government, regardless of
any potential problems such as zoning status, suitability for settlement, adequate transportation network
and infrastructure. Consequently, the rural areas on the outskirts of the city have been swiftly integrated
into the urban fabric. In particular, due to the small industrial zone established to accelerate industrial
activities in the city, the nearby village of Kersik (Kizilay neighborhood) were rapidly incorporated into
the urban area. The elements that are effective in the spatial growth of the city were not the result of a
planning process but are only about to meet the need for new housing spaces of the growing population.
Due to the slum tendencies that emerged in this period, the houses built by the newcomers to the city
with their own means began to become widespread on lands without any zoning plans. Slums, which
are a collection of village-like structures built on state owned and private lands on the periphery of the
cities without permission, were innocent shelters at first, but they became widespread due to the zoning
amnesties practiced and gained commercial value over time with the acquisition of zoning rights and
turned into apartment blocks(Tugac, 2021).

In the 1970s and 1980s, the developments happened in the axis of "migration-industrialization-
urbanization" had an important place in the change of the urban landscape (Akdemir, 2013, Tiirkoglu &
Akdemir, 2022). The city tended to develop in line with transportation routes. In this period, the
establishment of the community college, the incorporation of the population living in the flooded rural
areas due to the construction of the Keban Dam, and the rural-to-urban migration trends that started
throughout the country, accelerated the spatial growth of Elazig. In addition, reinforced concrete
apartment buildings have become increasingly common with the Condominium Ownership Law
published in 1965, which has changed (Keles, 2015). In Elazig, after 1975, masonry apartment buildings
that did not receive engineering services and did not comply with earthquake regulations started to
become widespread.

The global adoption of neoliberal policies in the 80s affected the growth of Elazig. A rapid construction
process has been started in the urban space, and the slum areas on the periphery of the city have been
considered as a problem. Within this scope, the Housing Development Administration of Tiirkiye
(TOKI) was established in 1984 (Y1ilmaz, 2016). The purpose of the public housing administration has
been to create new housing areas suitable for the lower and middle income level population in the areas
on the periphery of the city in order to meet the housing needs of the newly added population to the city.
After 1984, with the establishment of mass housing constructions, the neighborhood of Dogukent, 4 km
from the city center, in the east of Elazig, and Abdullahpasa neighborhood, 8 km from the southwest,
were made available, cheaply, for development by the municipality together with an
infrastructure(Akdemir, 2013). In this period, with the effect of additional zoning plans for housing
construction, Siirsiirii and the Hilalkent neighborhoods were established (Karakas, 2008), and the city
grew westward on the transportation axes and this determined its current morphological boundaries.

With the continued impact of neoliberal policies and the lessons learned from the 1999 Marmara
earthquake, since the 2000s, basic housing and shelter needs have transformed into secure and disaster-
resistant urban growth. Particularly after the 1999 Marmara earthquake, the resilience of the existing
housing stock began to be addressed. After 2005, due to changes in building regulations and individuals’
desire to live in safer areas, individuals from middle and upper-income groups started to settle on the
slopes located in the northern part of the city. These construction trends initially led to the rapid
development of Cumhuriyet Neighborhood, followed by Caydagira Neighborhood.

This trend towards disaster-resistant development was further reinforced after the January 24, 2020
earthquake. Urban growth continued with the establishment of new earthquake-resistant urban structures
built by the Housing Development Administration of Tiirkiye (TOKI) on state-owned lands, mostly on
the perimeter of the city. With the completion of the new housing projects initiated by TOKI after the
earthquake, the city has grown towards areas with lower earthquake hazard in the northern and southern
directions (Figure 11).
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Figure 11: Development of Elazig Urban Form. Source: Elazig Kentsel Strateji Belgesi, (2017) (The
graphic arrangement has been renewed by the author and the developmental periods have been

updated)

3.4. Impact of Earthquake Disasters on the Structure of Development and Urban Form

Urban form is the spatial expression of a complex and dynamic interplay among diverse social,
economic, geographical, cultural, physical, and technological factors that play a critical role in shaping
and transforming cities, influencing the spatial and temporal dynamics of human activities and the flow
of materials and information (Sharifi, 2019). On post-disaster recovery planning, the literature treats the
urban form as a place that needs improvement, not as a place to support post-earthquake recovery
activities (Irajifar et al., 2016). A similar situation applies to Elazig. So how did the post-earthquake
transformation of the urban form in Elazig differ between the two earthquakes? The rest of the study
explores this question.

As previously mentioned, Elazig is a city highly susceptible to earthquake hazards. Over the past twenty
years, it has experienced numerous earthquakes with magnitudes exceeding 5. The largest earthquakes
affecting the urban environment were the Sivrice earthquake on January 24, 2020, and the
Kahramanmaras earthquake on February 6, 2023. In this study, rapid visual scanning (RVS) components
were used to determine the risk of damage to buildings located in earthquake hazard areas. Because this
type of classification of the existing building stock makes it easier to quickly determine the susceptibility
of a building to earthquakes by grouping together buildings made of similar materials and with systems
resistant to similar seismic forces ((FEMA, 2015; Ger¢ek & Giiven, 2023). In the study area, while
evaluating for two different periods, the existing RVS indicators were used. (Demirbas et al., 2022)It
has been revealed that there is a large agreement between the damage risk results obtained from rapid
assessment methods and the damage levels that occurred after the Elazig-Sivrice Earthquake (2020). In
the physical condition assessment of the existing building stock, the current situation was evaluated by
using the parameters of building age, number of floors, construction year, layout status, apparent
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building quality and damage status in the evaluations, it was seen that many buildings in different areas
of the city were vulnerable to earthquake hazards (Figure 12).
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Figure 12. Physical Condition Comparison of Building Stock Before and After Earthquakes

In 2019, it is observed that the current building stock is in 43% bad, 41% medium and 16% good
condition. In the 2020 earthquake, this adversely affected the earthquake resistance of the urban building
stock and many buildings were damaged and destroyed. After the earthquake, the efforts to improve the
existing urban fabric continued without non-stop. However, after the earthquake that occurred in 2023,
the urban building stock was once again adversely affected, and many buildings were damaged (Figure
14). Although many measures have been taken to increase the resilience of the urban form in Elazig, it
is obvious that the city is still not fully resistant to future earthquakes. After the two major earthquakes,
26% of the existing urban building stock is in good condition, 47% is in moderate condition and 27% is
considered bad (Figure 13).
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Figure 13. Physical Condition Comparison of Building Stock Before and After Earthquakes
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In 2020, the urban area of Elazig was classified into Urbanization Promotion Areas (UPA) and
Urbanization Restricted Areas (URA) in accordance with the Turkish Zoning Planning Law (Figure 15).
With the changing zoning plan, UPA covers the currently built environment and areas that will be built
in the future. The UPAS have been planned taking into account the general land use. The construction
in these areas should be in accordance with the rules of the zoning plan. Otherwise, construction is not
allowed. Conversely, URAs are areas where urban development is limited, with a maximum of two
storeys, and are more suitable for public space use. Following the earthquake on January 24, 2024,
additional restrictions were implemented for structures to be constructed in these areas. The purpose of
this was to prevent unplanned development and to support the earthquake-resistant recovery of the
Elazig urban area. These restrictions were put into effect immediately after the earthquake, with the
decision of the local government. After the 2020 earthquake, the buildings damaged by the disaster were
promptly evacuated and demolished. To meet the housing needs of the existing population, designated
reserve areas on the city outskirts were allocated for settlement and development. The areas severely
impacted by the earthquake were re-planned and made available for construction in compliance with
earthquake regulations.

In the period from 2020 to 2024, 4040 licensed buildings were built in Elazig (TUIK 2023). In 2020,
when the first major disaster occurred, 798 buildings were built. In the 2021-2022 period, after building
construction reached the highest level (2418), this figure decreased to 824 in 2023, when the
Kahramanmaras earthquakes occurred. However, although the number of building constructions seems
to be decreasing, after the earthquake in 2023, it can be concluded that recovery efforts are continuing.
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Figure 15. Land use restrictions in Elazig.

Most of these building constructions are UPAs (about 93.7%). Since the disaster, almost all new
buildings have been built in these areas. This number has not changed significantly over time. This is
due to the strict restrictions imposed on building construction in URAS, and the fact that most of these
areas are agricultural lands with conservation clauses. In addition, these areas are alluvial terrains that
are geologically inconvenient to settle, and they have slope values around <10%. In the Elazig zoning
plan, these areas were defined as "not suitable for urban settlement". Therefore, the construction of
maximum two-story detached houses with gardens is allowed in URAs. In these areas, houses with a
maximum height of 6.5 meters can be built. In general, the lower floors of these buildings are 3.5 m,
while the upper floors are 3 m high (Figure 15).

84.6% of the buildings constructed in UPAs were built on previously vacant land. In addition, 29.74%
of the structures built after the earthquake were built on urban reserve lands. In the second article of the
Law No. 6306 on the Transformation of Areas under Disaster Risk, the reserve area is defined as "the
areas determined by the Ministry to be used as a new settlement area in the applications to be carried
out in accordance with this Law, upon the request of TOKI or the Administration or ex officio, with the
approval of the Ministry of Finance" (Ozliier, 2012). These areas are independent of the existing urban
fabric, do not have the quality of agricultural land and are owned by the state. On the other hand, 8% of
the existing buildings were built on the lands where the previous structures were damaged due to
previous earthquakes, with a new planning, using state resources. While 91.5% of these buildings are
residential buildings, 8.5% are other types of buildings (schools, hotels, offices, etc.).
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Figure 16. Building construction according to zoning plan area utilization and Building Type in
Elazig

Elazig is inclined to transform its building stock, an important component of urban form, due to the
earthquakes experienced in the last three years. With the transformation of the building stock, the goal
is to minimize the effect of earthquakes on the urban form. However, reasons such as the fact that the
houses built before 2000 are built before earthquake regulations and that many of them were built
without engineering services prove that they will likely be adversely affected by future earthquakes.

3.5. Effect of Earthquake Disaster on Social, Economic and Demographic Structure

Elazig, just like other cities of Tiirkiye, has generally experienced an exponential population growth
over time. Although it increased gradually from the proclamation of the Republic to 1950, the most
important developments took place after the 1950s. Developments in population growth after 1950 have
affected the sensitivity to disasters. In particular, the increasing urban population has brought with it
unplanned urbanization, uncontrolled housing construction, urbanization without infrastructure and an
increase of low-income population.
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Figure 17: Development of the population of Elazig (1927-2023)

The distribution of the population within the city has also been shaped by earthquakes. In the past,
transportation networks were mostly effective in the distribution of the urban population, however, after
the 5.4 magnitude earthquake that occurred on February 21, 2007, the urban population tended to
concentrate towards the Abdullahpasa and Cumhuriyet neighborhoods, which are considered to be more
resilient in to earthquakes. Of course, this earthquake was not the only reason for such a shift. However,
it is obvious that it had a triggering effect on the mobility of the urban population. In the following
periods, with the new housing needs of the middle- and upper-income groups and the construction of
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houses with nice views, Cumhuriyet and Abdullahpasa neighborhoods have become the most densely
populated neighborhoods (Akdemir et al., 2015)

In 2012, mass housing initiatives aimed at addressing the housing needs of low-income groups,
combined with increasing earthquake awareness, transformed the Caydagira neighborhood into the
largest neighborhood in the city. Especially after the 2020 earthquake, mass housing projects have
become the most population dense areas, as in Caydagira and Safran Neighborhoods in the north and
the newly established Giineykent neighborhood in the south. Urban resident mobility has shifted to
newly established neighborhoods where earthquake hazard is low. The main reason for this is the
collapse of the buildings belonging to the pre-2000 period in the city center due to the earthquakes and
the replacement of the earthquake victims in houses with relaxed payment conditions constructed in the
mass housing areas built by TOKI, on the slopes of Mount Meryem. Thus, earthquakes shifted the city,
which was established on a valley floor, to higher slopes with lower earthquake risk.
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Figure 18. Spatial distribution of the Population

Economic indicators in Tiirkiye are usually explained through the sectoral distribution of the labor force.
According to the 2022 data of the TUIK, the labor force participation rate in Elazig was 48%, the
employment rate was 44.1% and the unemployment rate was 8.1%. When we look at the sectoral
distribution of employees, those working in the service sector seem to be the majority. Considering the
distribution of labor force on the basis of sector, the rate of employees in the service sector is 52.1%,
the rate of agriculture is 28.20% and the rate of those working in the industrial sector is 28.2% (Sarisik
etal., 2023).

In the research conducted on the enterprises where 20 or more people work in Elazig, it was seen that
the construction sector was dominant in terms of the sectoral distribution of employees, especially after
the earthquake. The number of workplaces in the construction sector, which stood at 66 during the 2020
earthquake period, gradually increased in the aftermath. Earthquakes experienced in the city can be cited
as the main reason for this. Because after the earthquakes, the demolition of damaged buildings
continued throughout the city, while the construction of new buildings required the construction sector
to grow.
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Table 2: Sectoral Distribution of Enterprises with 20 and more employees in Elazig (TUIK 2023)

Number of Enterprises

Sector

2020 2021 2022 2023
Construction 66 84 119 93
Manufacturing 81 93 99 113
Wholesale and Retail 82 76 84 95
HORECA 37 28 33 37
Transportation and Storage 20 28 26 30
Administrative and Support Services 23 23 22 31
Healthcare and social services 16 14 21 20
Education 17 13 19 21
Professional, scientific and technical 8 4 13 9
Mining and quarries 19 14 12 16
Electricity, gas, steam and air conditioning
manufacturing and distribution 10 8 11 11
Culture, art, entertainment, recreation and sports 4 3 4 5
Other services 3 3 2 3
Real Estate 3 3 2 3
Information and Communication 3 1 2 2
Water supply: sewage, waste management and treatment 1 1 2
Finance and insurance 1 1 1 0

Elazig's heavy reliance on the manufacturing, trade, and construction sectors has made the city
particularly susceptible to the boom-and-bust cycles inherent in these industries. In recent years, the
impacts of national and global economic shocks have become evident, with rising unemployment levels
and a surge in construction activities following earthquakes. Although developments in the construction
sector might come in hand for the reconstruction process of the city, they may also cause worrying
consequences for the future. For this reason, it is necessary to diversify the city's economy towards other
sectors such as education and healthcare.

4. RESULTS

This study traces the change and resilience of the urban profile of Elazig, in the wake of one of the
deadliest disasters in recent years. The city of Elazig, an urban center in eastern Tiirkiye, has been
grappling with economic and social structural distortions throughout its ongoing urbanization process,
compounded by the persistent earthquake crisis. As in other Turkish cities, after the 1950s, people
looking for new job opportunities migrated from rural areas to cities. However, the lack of preparedness
of both these individuals and existing cities has led to the creation of neighborhoods that lack urban
services, employment options, and basic needs such as transportation and educationln the process of
urban integration of these neighborhoods, transformation practices lacking proper planning and disaster
resilience have resulted in significant loss of life and property. Therefore, the damage caused by
earthquakes is a big problem for the cities. However, post-earthquake recovery efforts and disaster
adaptation strategies offer an opportunity to create a more resilient city and sustainable urbanization.

After large-scale disasters, governments often plan and implement projects themselves (Ubaura et al.,
2016). In Elazig, which is the subject of this study, housing projects supported by the central government
were quickly built in earthquake-resistant areas, especially on public lands. However, due to the rapid
urbanization and the rapid construction requirement that comes with it, the earthquake resistance of the
urban pattern before the year 2000, which lacks engineering services, is quite low. These areas also
correspond to the central business and commercial areas of the city. It shows that an earthquake of
similar magnitude in the future will affect the city socially, economically and environmentally. On the
other hand, construction tendencies are increasing in areas where the middle and upper income groups
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prefer more and where the government builds earthquake-resistant social housing. These areas are
evaluated as areas with high earthquake resistance. This is more than a perception, as a matter of fact,
after the earthquakes, almost no structural and environmental damage has occurred in these areas.
Buildings in these areas, which used to be indicators of the status of wealthy individuals, are now seen
as the key to safe, livable and earthquake-resistant urbanization. In the past, while the city was on the
valley floor and in a course of development suitable for transportation networks, after the earthquakes,
a rapid construction process was initiated in areas that are more geologically suitable for settlement and
have higher earthquake resistance, especially on slopes and plateaus. In this sense, it can be said that the
recovery process after the earthquake is more resilient and sustainable. However, after the earthquake,
in heavily damaged areas in individual parcels, reconstruction proceedings are very slowly and this
reduces the rate of urban parcel utilization. The use of these spaces as green spaces, emergency gathering
areas or public spaces in the congested urban fabric will strengthen the discourse of a more resilient city.
As a result, given the current urban pattern of Elazig, disasters such as earthquakes, floods, climate
change and epidemics continue to threaten the city's urban resilience. Therefore, the city's resilience
must be bolstered through disaster preparedness and mitigation strategies, alongside inclusive and risk-
reducing policies. It is essential for Elaz1g to align its urban resilience strategy with an earthquake-
focused agenda and enhance the capacity of vulnerable areas and populations to adapt to adverse
scenarios.
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Kentlesme oranmnin her gegen giin artmasi ile yogunlasan kentlesme faaliyetleri, mega
kentlerin iklim degisikligine uyum siirecinde karsilarina ¢ikan en biiyiik sorun olan sera gazi
emisyonunun ve iklim degisikligi etkilerinin artmasina sebep olmaktadir. Kuraklik, kent lee
nl ve tagkinlar, sicak hava dalgalari, deniz seviyesi yiikselmesi konular1, Istanbul gibi mega
kentleri etkileyen iklim degisikligi etkileri arasinda yer almaktadir. iklim degisikligi etkilerine
uyum planlamalart ve ¢alismalar1 gergeklestirilirken s6z konusu etkilerin nedenleri, tarihsel
olarak goriilme sikliklari, tekrarlanma olasiliklari, etkilenen sektorler, gelecek yillar igin
¢esitli iklim senaryolarinda yer alan tahmin ve dngoriiler dikkate alinmalidir. Gelecek yillarda
iklim degisikligine dayanikli bir sehir olmay1 taahhiit eden Istanbul’un miicadele ve uyum
siirecinde su alaninda yapilan ve planlanan g¢alismalara bu yazida yer verilmistir. Bu
caligmalar; kuraklik kosullarinda suyun korunmasina iligkin abonelerin bilgilendirilmesi, su
kayip-kacaklarina yonelik su denetimlerinin sikilastirilmasi, su tasarrufu saglayan
teknolojileri kullanan abonelere tegvik programlari uygulanmasi, kent 1ee nl ve tagkinlar i¢in
tahmin ve erken uyari sistemlerinin kurulmasi, dere 1slah ve yesil altyap1 ¢alismalar
yapilmasi, deniz seviyesinin takip edilmesi ve gerekli tedbirlerin alinmasi seklinde
siralanabilir.

Abstract

Urbanization activities, intensifying with the increasing rate of urbanization, cause an increase
in greenhouse gas emissions and climate change effects, which are the biggest problems faced
by megacities in the adaptation process to climate change. Drought, urban floods and
overflows, heat waves, and sea level rise are among the climate change effects that affect
megacities such as Istanbul. While carrying out adaptation plans and studies to the effects of
climate change the causes of the said effects, their frequency, probability of recurrence,
affected sectors, forecasts and predictions in various climate scenarios for the coming years
should be taken into account. The works carried out and planned in the field of water in the
combating and adaptation process of Istanbul, which is committed to being a city resistant to
climate change in the coming years, are included in this article. These studies include
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informing subscribers about protecting water in times of drought, tightening water audits for
controlling water losses, implementing programs towards encouraging customers that use
water-saving technologies, rehabilitating the network and water treatment system, and
exploring alternative water resources, rehabilitation works in network and treatment systems,
exploration of alternative water sources, establishment of forecasting and early warning
systems for urban floods and floods, stream improvement, green infrastructure works,
following the sea level and taking the necessary precautions.

1. GIiRiS/INTRODUCTION

Niifusu 10 milyondan fazla olan biiyiliksehirler “mega kentler” olarak adlandirilmaktadir. (United
Nations, 2006; Folberth, vd., 2015). Mega kentler, yiiksek niifus yogunlugu ve ¢ok sayida igletme ve
iretim tesislerini bulundurmasi sebebiyle, ekonomik faaliyetlerin sicak noktalarina ve g¢evrelerini
etkileyen biiyiik kirletici kaynaklarina doniismektedir. 2050 yilina kadar kentlesme oraninin diinyada
%75 mertebelerine ulasacagi tahmin edilmektedir (EUROSTAT, 2022a). Kentlesme oraninin giderek
artmasi, iklim degisikligine neden olan etmenleri de arttirmaktadir. Tklim degisikligine neden olan
etmenlerin baginda gelen sera gazi emisyonlarinin artmasi %75 gibi yiiksek oranlarda olan kent
niifusunun iiretim faaliyetlerinden kaynaklanmaktadir (Tugag, 2022).

Tiirkiye’nin ve Avrupa’nin en kalabalik kenti olan mega kent Istanbul 15,5 milyondan fazla niifusa
sahiptir. Tiirkiye nin finans bagkenti olmasi ve iilke ekonomisi iizerinde 6nemli bir etkiye sahip olmasi
sebebiyle de Istanbul, iklim degisikligi etkilerine uyum faaliyetlerinin merkezinde yer almak
durumundadir. Gelecek yillarda karbon emisyonlarini azaltmay1 ve iklime dayanikli bir sehir olmay1
taahhiit eden ve galismalarina siiratle devam eden Istanbul, kuraklik ve sel gibi iklim degisikligi
etkilerine karsi olduk¢a hassas bir konumdadir (IBB, 2021). Kentlerin tiim bu etkilere uyum
kapasitelerinin gelistirilmesi siirecinde ilgili tim paydaslarn isbirligi énemlidir. Ulkemiz, kiiresel
1sinma ile miicadele ve iklim degisikligine uyum kapsaminda sera gazi emisyonlarini azaltmaya yonelik
adimlar atmakta, aragtirma ve teknoloji alaninda isbirligi yaparak cesitli sozlesmelere, protokollere ve
anlasmalara taraf olmaktadir. Bunlar; Birlesmis Milletler iklim Degisikligi Cergeve Sozlesmesi (2004),
Kyoto Protokolii (2009), Paris Anlagmasi (2016) ve Avrupa Yesil Mutabakati (2021) olarak
siralanabilir. (T.C. Digisleri Bakanligi, 2022). Tiirkiye’de iklim degisikligi politikalar1 dogrudan ilk defa
8. Kalkinma Planinda yer almis, 9. Kalkinma Planinda ise iklim degisikligi stratejisinin ve sera gazi
azaltim eylem planinin hazirlanmasi hedeflenmistir. 10. Kalkinma Planinda kiiresel iklim degisikligiyle
miicadeleye yonelik iilkemizin Ozellikle emisyon azaltimi ve uyum kapsaminda ortak fakat,
farklilastirilmis sorumluluklar ve goreceli kabiliyetler ilkelerine gore katki vermesi hedeflenmistir.
Iklim degisikligi baglantili tedbirlerin ulusal politikalara, strateji ve planlara entegrasyonu gibi
konularda 2000-2016 yillar1 arasinda ilerleme kaydedilmistir. Mevzuatin hayata gegirilmesi, stratejilerin
sektorlere ve yerel diizeye indirgenmesi, iklim risklerinin sistematik olarak degerlendirilmesi, uyum
konusundaki gelismenin izlenmesi gibi alanlarda ise ilerleme smmrl kalmistir (ISKi, 2022). iklim
degisikligi etkilerinin kiiresel Olgekte giderek artmasi ve aliman Onlemlerin bu artis hizini
dengeleyememesi sebebiyle iilkeler bazinda yapilan anlagsmalarin yaninda, sehir bazli anlagsmalar ile de
iklim degisikligi adaptasyonu her oOlcekte calisilmaktadir. Sehir bazli anlagsmalarin ilklerinden biri
Istanbul’un 2006°dan beri iiye oldugu C40 Biiyiik Kentler iklim Liderlik Grubu (C40 Cities)’dur. Tiim
diinyadan yaklasik 100 kentin iiye oldugu C40, iklim degisikligine kargin sera gazi emisyonlariin
azaltilmasi i¢in Ekim 2005’te Londra’da, diinya kentlerinin bir araya gelerek olusturduklar1 bir agdir
(C40, 2022). Diinyanin dort bir yanindan, 6zellikle C40 Iklim Liderleri Grubu’na iiye sehirler iklim
degisikligi konusunda kentlere liderlik etmektedirler. Istanbul, Tiirkiye’den C40’a iiye olan tek
sehrimizdir. C40 Iklim Liderleri Grubu’na iiyeler, Deadline 2020 ile sehirlerini 2050 yilna kadar
karbon nétr hedefine “adil bir paylasim” yoluyla ulagtirmay1 taahhiit etmislerdir.

Bu esaslar dogrultusunda bu galismanin amaci, bir mega ee n  an Istanbul’u etkileyen iklim
degisikligi etkilerine karst ee n ilgili konularda yapilan ¢alismalar1 ve planlar1 ortaya koymaktir.
Calisma bu kapsamda 2 béliim olmak iizere; (1) Istanbul’u etkileyen iklim degisikligi etkilerinden
kuraklik, kent ee n ve tagkinlar, sicak hava dalgalari, deniz seviyesi yiikselmesi konularini ve (2)
iklim degisikligine dayanikli bir kent olma yolunda Istanbul igin su konularindaki galismalar
igermektedir.
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2. ISTANBUL’U ETKIiLEYEN iKLiM DEGIiSiKLiGi ETKIiLERi / THE IMPACTS OF
CLIMATE CHANGE AFFECTING ISTANBUL

2.1. Kurakhk

Kuraklik, hidrolojik dongiiniin ardisik bilesenlerini etkileyerek dogal su kaynaklarinin uzun siireli ve
bolgesel olarak azalmasina neden olan bir durumdur. Bu durum, yagis eksikligi basta olmak iizere
yliksek sicaklik, kuvvetli riizgar ve diisiik bagil nem gibi iklim faktorlerinden kaynaklanir. (Wilhite,
2000; Szalinska, vd., 2018). Kuraklik, iklimin normal bir unsuru olmakla birlikte goriilme siklig1 ve
tekrarlanma olasilif1 en yliksek etkilerden biridir. Ayrica birgok acgidan diger iklim degisikligi
etkilerinden ayrilmaktadir. Kurakligin etkileri genellikle uzun bir siire boyunca yavas yavasg
biriktiginden ve olayin sona ermesinden sonra yillarca siirebildiginden, kurakligin baslangicini ve
sonunu belirlemek zordur. Hidrolojik asiriliklardan biri sayilan kuraklik, kirsal kesimi ve tarimi
etkiledigi kadar kentsel alanlar1 da etkilemektedir.

Diinya Saglik Orgiitii’niin verilerine gére diinyada her yil 55 milyona yakin bir insan toplulugu
kurakliktan dogrudan ve dolayli olarak etkilenmektedir. Kuraklik sebebiyle insanlarin ge¢im kaynaklari
tehlikeye diismekte, hastalik ve 6lim riski ile toplu go¢ olaylar1 artmaktadir. Giintimiizde su kitligi
diinya niifusunun yaklasik %40’n1 etkilemektedir. 700 milyon kadar insanin ise 2030 yilina kadar
kuraklik nedeniyle bulundugu bélgelerden go¢ edecegi tahmin edilmektedir (WHO, 2022).

Avrupa biiyiik ol¢lide yeterli su kaynaklarina sahip olarak ee n edilmesine een , kuraklia bagli su
kithigr 2007 yilinda Avrupa’nin %]11°ni etkilemis ve giderek daha sik goriillmeye baslamistir. Bunun
yani sira Akdeniz bolgesindeki 5 kisiden birinin siirekli su sikintis1 ¢ektigi bilinmektedir. Ayrica,
1980°den 2010 yilina dek Avrupa’daki kuraklik siklig1 ve siddeti artmig 30 yillik siirecte tahmini 100
milyar Avroluk zarara sebep olmustur. Avrupa topraklarinda meydana gelen en siddetli kurakliklardan
biri, AB topraklarmin tigte birinin ve 100 milyondan fazla insanin etkilendigi 2003 yilinda meydana
gelmistir. 1976 ile 2006 arasinda, kurakliktan etkilenen insan ve alanlarin sayisi neredeyse %20 artmis
ve yillik ortalama maliyet dort katina ¢ikmigtir (European Commission, 2022).

Tiirkiye bir Akdeniz iilkesi olmasi sebebiyle su kitlig1 ve kurakliktan Avrupa’nin bir¢ok bdlgesinden
daha fazla etkilenmektedir. Ayrica iklim degisikliginin etkisi ve niifus artisina bagl olarak Tiirkiye’de
su kaynaklarmin tiikketimi gegmis yillara oranla ¢ok daha fazladir. 2010 y1l1 6ncesi %20 civarinda oldugu
bilinen Tiirkiye’nin su kullanim indeksi (WEI+), 2010 yil1 igin %21,3, 2012 y1l1 i¢in %23,9, 2014 yil
icin %21,6, 2016 y1l1 i¢in %25,8 ve 2018 yil1 i¢in %26,3’tiir. %20’nin {izerinde bir su kullanim indeksi
su kithigini, %40°1n iizerinde bir deger ise siddetli su kithigim ifade eder (EUROSTAT, 2022b; T.C.
Cevre, Sehircilik ve iklim Degisikligi Bakanligi, 2022). Ote yandan kuraklik etkilerine kars1 harekete
gecen Avrupa’da su kullanim indeksi %9 civarinda iken, bazi Akdeniz iilkelerinde bu oran %40’a
yakindir. Bu durum Tiirkiye’nin de i¢inde bulundugu Akdeniz bdlgesini iklim degisikligine karsi en
hassas bélgelerden biri yapmaktadir. Tklim etkilerinin agirlasmast ile niimiizdeki yillarda Tiirkiye’yi,
benzer zorluklarla karsilasacak olan AB iiye iilkeleri Yunanistan, Malta, Portekiz, italya ve Ispanya gibi,
su kullanim indeksinin %30 un iizerinde olan {ilkeler grubuna dahil etme ihtimali vardir.

Tiirkiye’nin y1llik yagis degisimine bakildiginda en uzun ee n siddetli kuraklik déonemleri 1971-1974,
1983-1984, 1989-1990, 1996-2001, 2007-2008, 2013-2014 yillar1 olarak bilinmektedir (Kurnaz, 2014).
Son 44 yilin en yiiksek seviyesi olarak T.C. Tarim ve Orman Bakanlig: tarafindan kayitlara gecen
kuraklik ise 2017 yilinda yasanmugtir. Gerek yiiksek niifus orami gerek yiizeysel su kaynaklarini
kullanmasi sebebiyle yasanan kurakliklardan etkilenme orani en yiiksek sehirlerden biri olan Istanbul’da
baraj doluluk oranlar1 Aralik 2020 yilinda %20 civarlarina gerileyerek son 27 yilin en diisiik seviyesine
gelmistir (ISKi, 2020). 2021 yilinda artan yagislar ile birlikte barajlarin doluluk oranlari artmaya
baslamistir (Sekil 1).
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Sekil 1. Barajlara Yagislardan Gelen Su Miktarlar: (ISKI, 2021)

IPCC raporlarinda yer alan, RCP (Representative Concentration Pathways-Temsili Konsantrasyon
Rotalar1) adi verilen iklim senaryolarindan RCP 8.5 senaryosuna gore iklim degisikligi etkisi altinda
Istanbul dzelinde 25 yilda bir gériilebilecek bir kurakligin siiresi 4,1 yildan 4,8 yila yiikselmis (%18,3
artmis), 100 yilda bir goriilebilecek katastrofik bir kurakligin siiresi ise 5 yildan 6,1 yila yiikselmistir
(%21 artmistir). Senaryoya gore Istanbul 6zelinde daha uzun siireli ancak daha az siddetli kurakliklarin
yasanabilecegi ongoriilmektedir.

2.2. Kent Selleri ve Taskinlar

Seller en sik gergeklesen dogal afetlerden biri olmakla birlikte asir1 akigin kuru topraga niifus edemedigi
durumlarda meydana gelir. Seller genellikle asir1 yagis, kar kiitlelerinin hizla erimesi, k1y1 bolgelerinde
tropikal bir siklon veya tsunamiden kaynaklanan bir firtina dalgasi sebebiyle olusur. Drenaj havzasinin
tepki siiresinin kisa oldugu kii¢lik havzalarda ani taskinlar meydana gelir (Doswell, 2015). Kent selleri
ise yogun yapilasma sebebiyle dogal bitki ortiisiiniin olmadigi, suyun topraga sizmasinin miimkiin
olmadig1 alanlarda goriiliir. Kentlesme yiizeysel akisi dogal yiizeylere gore iki ile alti kat daha
arttirmaktadir. Kent altyapisi ani gelisen selleri yonetmekte cogu zaman yetersiz kalmakta, kisa siirede
caddeler ve sokaklar derelere, binalarin bodrum katlar1 da birer 6liim tuzag1 kapali ylizme havuzlarina
doniisebilmektedir. Bu sebeple sel hasarlarinin %75°1 kentlerde goriilmektedir (Kadioglu, 2019).

Sel, Tiirkiye'deki en yikici dogal afet tiirlerinden biridir. Yogun ve uzun siireli saganak yagislarla iligkili
ani seller, 6zellikle Tiirkiye'nin kiy1 kesimlerinde yaygin bir olgudur. Tiirkiye'nin kiy1 kesiminde yer
alan, 15,5 milyon niifuslu ve niifus yogunlugu cok yiiksek (2987 kisi/km?) bir mega kent olan Istanbul,
tarihsel olarak dogal afetlere, 6zellikle de ani sel baskinlarina karsi savunmasiz kalmustir. istanbul'daki
sel etkileri siddetli yagislarin birlesik etkileri, taskin ovalarinin konut ve ticari binalar tarafindan isgal
edilmesi, gecirimli ylizeylerin yiiksek oranda kaplanmasi ve yetersiz drenajin bir sonucudur (Flash
floods and Urban flooding Turkey, 2022).

Iklim degisikligine bagl asir1 hava olaylarmin artmasi Istanbul gibi diinya niifusunun biiyiik
¢ogunlugunun yasadig1 sehirler basta olmak {lizere, diinyanin bir¢ok bdlgesinde doga kaynakl tehlike
profilini degistirmektedir. Hiikiimetler arasi Iklim Degisikligi Paneli (IPCC) raporlarina gore iki derece
sicaklik degisiminin u¢ degerlerde 10-15 kat artisa sebep olacagi beklenmektedir. Kentsel iklim
Degisikligi Arastirma Aginin (UCCRN) “Ikinci Sehirler ve Iklim Degisikligi Degerlendirme Raporu
(ARC3.2)” kapsaminda incelenen 100 sehir i¢in iklim degisikligi gozlem ve projeksiyonlarina gore
yillik ortalama yagis miktarinda agir1 dalgalanmalar gerceklesecegi ongdriilmekte olup; bu kapsamda
yagis miktarinin 2020’li yillarda, 2050’1 yillarda ve 2080’li yillarda sirast ile (-%7, +%10), (-%9,
+%15), (-%11, +%21) arasinda degisecegi tahminleri yapilmaktadir (Peker & Aydin, 2019). Bu durum
tiim diinyada oldugu gibi iilkemizde ve istanbul’da da asir1 hava olaylariin neden oldugu gok giiriiltiilii
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firtinalar sonrasi ani sellerin olugsum sikliginda ve siddetinde de artis anlamina gelmektedir. Yagis
rejimlerine bakildiginda Akdeniz iklimine 6zgli yagish ve kurak donemler arasinda farkin yiiksek
oldugu iilkemizde, artan sicaklik farkindan dolay1 olusan konvektif yagislar sik sik sellerin meydana
gelmesine katkida bulunmaktadir (Kadioglu, 2019). Oyle ki son yillarda goriilen ani kent selleri Akdeniz
iklimi i¢in kurak déonem olarak kabul edilen yaz aylarinda ani ve kontrol edilemez sekilde olugsmustur.
Metrekareye 91 kg yagisin diistigii 18 Temmuz 2017°de meydana gelen ve giinliik hayati durma
noktasina getiren asir1 yagis sonrasi olusan sel olayinin ardindan 27 Temmuz 2017 tarihinde yagan asir1
yagisa (metrekareye 40 kg) dolu da eklenmistir. Yagsanan afetin faturasinin yaklagik 1 milyar Tiirk liras1
olarak tahmin edilmektedir (Baltaci, 2018; CNN Tiirk, 2017).

Iklim degisikliginin énemli konularindan biri de yagislarda goriilen asiriliklar sebebiyle su kaynaklari
iizerindeki etkileridir. Taskin seklinde kendini gosteren asir1 yagislar, tolere edilmesi zor mali yiiklere
ve hatta can kayiplarina yol agmaktadir (IV. Uluslararasi Su Kongresi, 2017). Kuraklik afeti de domino
etkisiyle taskin afetine doniigebilir. Uzun siireli kuraklik afeti ve beraberinde kendisini gdsteren sicak
hava dalgalar1 atmosferdeki ve yeryiiziindeki nemin kaybolmasina, bitki ortiisiiniin kuruyarak orman
yanginlar1 i¢in uygun kosullarin hazirlanmasina neden olur. Orman yanginlar bitki drtiisiinii tamamen
yok ederek havzanin akis 6zelliklerini degistirir. Degisen bitki Ortiisii, havzaya diisen yagisin yiizeysel
akisa gecigindeki gecikme ve tutulmay1 azaltarak toprak nemini yeterince doyurmadan hizla yiizeysel
akisa gegmesine sebep olur. Bunun yani sira, daha sicak hava daha fazla su buhar tutar ve buna bagh
olarak daha siddetli yagislar olusur. Artan yagis siddeti ve diisen yagisin hizla yiizeysel akisa gegmesi
tagkin riskini arttirir. Yanan ormanlik alanlar kiille kaplanir. Kiil hidrofobik 6zellikte olup zamanla
ormanlik alanin yilizeyindeki kiil ile topragin karigmasiyla eskiye nazaran daha az gecgirgen bir iist
katman olusur. Bu yeni iist katmanda azalan bitki Ortiisii yagisin yiizeysel akisa gegme oranini artirabilir.
Ozellikle topografik egimi yiiksek ormanlik alanlarm yanmasiyla yagisin yukar: havzada daha hizh
akisa gecmesi ve diisiik kotlara daha hizli hareket etmesi taskin i¢in uygun kosullar1 hazirlar (1SK1,
2022).

2.3.S1cak Hava Dalgalan

Iklim degisikliginin sonuglarindan biri de sicak hava dalgalar1 gibi asir1 hava olaylarmin artmasidir.
Genel olarak, sicak hava dalgalari, yiiksek nemin eslik edebilecegi asir1 sicak hava donemidir. Sicak
hava dalgalar1 bolgeye gore degistiginden, evrensel bir tanimi yoktur, sadece bolgedeki olagan hava
durumuna ve mevsim igin normal sicakliklara gore tanimlanirlar. Diinya Meteoroloji Orgiitii, sicak hava
dalgasini, giinlitk maksimum sicakligin ortalama maksimum sicakliktan 5 °C veya daha fazla oldugu,
birbirini takip eden 5 veya daha fazla giin siiren uzun siireli sicaklik olarak tanimlamaktadir (Marx, vd.,
2021). ARC3.2 gozlem ve projeksiyonlarina gore yillik ortalama sicaklik artis trendleri incelendiginde,
1961 ila 2010 yillar1 arasinda her 10 yillik dénem igin 39 sehrin yillik ortalama sicakliklarin 0,12 ile
0,45 °C arasinda arttig1 gozlenmistir. Yine ayni raporda incelenen 100 sehir i¢in 2050°li ve 2080’li
yillarda yillik ortalama sicakliklarin sirasiyla 1,4 ile 3 °C ve 1,7 ile 4,9 °C arasinda artacagi
ongoriilmektedir (Peker & Aydin, 2019). Ayrica daha yogun ve sik olarak meydana gelen sicak hava
dalgalar1 insan kaynakli iklim degisikligi etkisi olmadan sadece dogal iklim degisikligi ile
agiklanamamaktir (IPCC, 2014; Marx, vd., 2021).

Insan sagligma, yasam konforuna olumsuz etkileri olan sicak hava dalgalari; ani dliimlere, orman
yanginlarma, kotii hava kalitesine, asir1 elektrik ve su tiiketimine de sebep olur. Ayrica ekosistemin
bozulmasina, kuraklagsmaya, su kitligma yol agar. Tarim ve turizm basta olmak lizere etkiledigi
sektorlerde ekonomik kayiplar goriiliir (Ciais, vd., 2005; Demirtas, 2016). Sicak hava dalgalarina
ozellikle biiyiik kentlerde yiiksek nem eslik etmektedir. Bu durum yasamsal faaliyetleri giiglestirmekte,
kisa siirede ¢ok sayida oliimle sonuclanabilmektedir. Tarihsel siiregte 6liimle sonuglanan sicak hava
dalgalarina 1200 kisinin Oliimiiyle sonuglanan Yunanistan (1987-1988) ve 522 kisinin Oliimiiyle
sonuglanan ABD (1995) olaylar1 6rnek gosterilebilir. Son 50 yilin en siddetli sicak dalgasi ise 1998
yilinin Mayis ve Haziran aylarinda Hindistan’da yasanmis, zaman zaman 49 °C’ye ¢ikan sicakliklar
sebebiyle 3028 kisi hayatin1 kaybetmistir (Erlat, 1999; Kuba, vd., 2016).

Yakin tarihimize bakildiginda sicak hava dalgalarmin siklagtigi ve Olimlii vakalarin arttii
goriilmektedir. 2015 yilinin yaz aylarinda Hindistan’da 2248 kisinin, Pakistan’da 1229 kisinin ve
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Fransa’da 3275 kisinin 6liimii, sicak hava dalgalari sebebiyledir. 2018-2019 yillarinda Avustralya’da en
sicak yaz ortalamalar1 goriilmiistiir. 2019 yilinin Haziran ve Temmuz aylarinda Avrupa’da uzun stireli
sicak hava dalgalar1 goriilmiis, Gliney Fransa’da 46 °C’lik sicaklik ile herhangi bir ayda goriilen en
yiiksek sicaklik kaydedilmistir. Is1 dalgasinin kuzeye dogru yayilmasi, Gronland’da da buz erime oranini
hizlandirmistir (Aydin & Aydin, 2020). Tiirkiye'de sicak hava dalgalarmin halk saglig: tizerindeki
etkilerine iliskin yapilan epidemiyolojik ¢aligmaya gére, Istanbul'da 2013 ve 2017 yillar1 arasindaki asiri
sicak hava dalgasi sebebiyle goriilen 6liim vakalar1 incelenmistir. 2015, 2016 ve 2017'deki asir1 sicak
hava dalgalarinin 419 dliime neden oldugu ve sicak hava dalgalarinin yerel ve ulusal makamlar igin
giderek 6nemi artan bir sorun haline geldigi ortaya konmustur (Can, vd., 2019).

Sicak hava dalgalar1 sebebiyle meydana gelen dliimlerin bir¢ogu kardiyovaskiiler ve yiiksek tansiyon
problemlerine bagli, termal stres kaynakli rahatsizliklardir. Termal stres sebebi ile insanin sicakliga
karsi duyarlilig1 ve cevreye uyum gosterme yetenegi yiiksek sicaklik ve buna bagli havadaki nem
miktariin artmasi nedeniyle gelen sogumay1 siirlandirdigi icin, insan fiziksel ve zihinsel islevlerini
yerine getirememektedir. Ozellikle mega kentlerde olusan ve sicakligin daha da yiikselmesine neden
olan 1s1 dalgalari, klimatik konfor seviyesini bozarak termal stresin daha siddetli ve daha uzun siireli
hissedilmesinde etkendir (Kuba, vd., 2016). Kentsel alanlar1 hizla artan Tiirkiye bulundugu enlem ve
cografi konumu sebebiyle yaz aylarinda sicak hava dalgalarinin sik yasandigi insan sagligi ve gevre
acisindan kirilgan iilkeler arasina girmeye baslamustir. Istanbul ise Tiirkiye’nin daha sicak diger
bolgeleri kadar olmasa bile yogun kent yerlesimlerinden birine sahip olmasi sebebiyle sicak hava
dalgalarina kars1 hassas bir yapidadir.

Istanbul iklim Eylem Plani’na gore, istanbul igin yapilan senaryolarda (RCP 8.5) yilda 1 ile 4,5 °C
arasinda daha yiiksek ortalama sicakliklarin yasanmasi 6n goriilmekte ve bu sicaklik artisinin en az 1 ve
hatta 2 derecesinin, dogrudan kentsel 1s1 adasi etkisine bagl olabilecegi tahmin edilmektedir. Bu sicaklik
artiglarinin, artan bina ve niifus yogunlugunun daha fazla 1sitma kaynagina ihtiya¢ duymasi ve azalan
hava kalitesiyle birleserek 1s1y1 hapsedecegi kentsel 1s1 adas1 etkisiyle birlikte daha da kotiilesecegi ifade
edilmistir. Sekil 2°de verilen kentsel 1s1 adas1 haritalandirmasima bakildiginda, Istanbul’un, 6zellikle
cevre bolgelere kiyasla risk altinda oldugu sdylenebilir (IBB, 2021).
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Sekil 2. Gelecekteki kuraklik seviyesi ve kentsel 1s1 adast etkisinin bindirmesi (IBB, 2021)

2.4. Deniz Seviyesi Yiikselmesi

Iklim degisikligi, kiiresel dlgekte ortalama deniz seviyelerinin temelde iki sekilde yiikselmesine sebep
olmaktadir. Bunlardan ilki, diinya ¢capinda buzullar ve biiyiik kiitleli buz tabakalarinin eriyerek okyanusa
eklenmesidir. Ikincisi ise deniz suyunun ismmasi ile hacminin genislemesidir. Deniz seviyesindeki
degisimlerde mevsimsel degisimler, gel-git etkisi, barometrik kabarma, firtina kabarmasi ve atmosferik
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etkiler gibi cesitli sebepler kisa siireli etkili olsa da, ortalama deniz seviyesindeki uzun donemli
degisimler iklim degisikliginin etkisiyle olusmaktadir (Climate Change: Global Sea Level, 2022).

IPCC’nin 2021 yilinda yayinladigi 6. Degerlendirme ve 1. Caligma Grubu Raporunda kiiresel dlgekte
deniz seviyelerinin 1901°den 2018’e dek 0,20 m yiikseldigi belirtilmistir. Ancak burada dikkat ¢ceken
kisim deniz seviyesi ylikselme hizidir. Ayni rapora gore elde edilen veriler 1901 ile 1971 arasinda 1,3
mm/y1l olan deniz seviyesi yiikselme hizinin 1971 ile 2006 arasinda 1,9 mm/y1l, 2006 ile 2018 arasinda
ise 3,7 mm/y1l oldugunu géstermektedir. Ozellikle, 1971 yilindan bu yana meydana gelen artis hizinin
ana itici giiciiniin insan etkisi oldugu diisliniilmektedir. Deniz seviyesi yiikselmesine sebep olan termal
genlesme; 1971-2018 doneminde deniz seviyesindeki artisin %50'sine, buzullardan kaynaklanan buz
kaybinin %22’sine, buz tabakalarinin %20’sine ve kara-su depolamasindaki degisikliklerin %8'ine etki
etmistir. Buz tabakasi kaybi orant 1992 ile 1999 ve 2010 ile 2019 arasinda dort kat artmistir. 2006 ile
2018 arasinda ise buzul kaybi kiiresel ortalama deniz seviyesinin yiikselmesine en ¢ok katkida bulunan
etmendir (IPCC, 2021).

Deniz seviyesinin yiikselmesi, diinyadaki kiy1 yasami igin ciddi bir tehdit olusturmaktadir. Bunlar
arasinda siddetli yagmur, kuvvetli riizgarlar gibi biiylik atmosferik olaylar ve firtina dalgalarinin
siddetinin artmasi, sulak alanlarin tagmasi, akiferlerin kirlenmesi, kiy1 bolgelerini isgal eden suyun
erozyona sebep olmasi, tarim, konut ve rekreasyon bolgeleri ile hassas yagam habitatlarinin hasar almasi
sayilabilir. Kiy1 bolgelerinde yasayan insanlarin i¢ bolgelere go¢ etmek zorunda kalmasi, topragmn ve
yeralt1 suyunun tuzlanmasi gibi durumlar i¢ bolgelerdeki yasami ve demografik yapinin degismesine de
sebep olmaktadir (Sea Level Rise, 2022; Sea-Level Rise & Global Climate Change, 2022).

IPCC, 2021 tarihli 6. Degerlendirme ve 1. Calisma Grubu Raporunda 2100 yilina kadar olusabilecek
kiiresel deniz seviyesi artig1 tahminleri Ortak Sosyo-ekonomik Rota (SSP) senaryolari iizerinden Sekil
3’de verilmektedir. Buna gore en iyimser SSP1-1.9 senaryosuna gore 2100 yilina kadar kiiresel deniz
seviyesi artiginin 0,28 ile 0,55 m arasinda, en kdtiimser SSP5-8.5 senaryosuna gore ise 0,63 ile 1,01 m
mertebesinde olmasi beklenmektedir (IPCC, 2021). Okyanusa kiyis1 olmasi sebebiyle deniz seviyesi
ylikselmesi etkilerini yasayacak iilkelerden biri olan ABD igin yapilan aragtirmada, her iki senaryo ile
2100 yilma dek gerceklesmesi muhtemel olan 0,5 m’lik deniz seviyesi yilikselmesinin kiy1 miilkleri
tizerindeki kiimiilatif etkilerinin maliyet tahminleri, 20 milyar dolar ile 150 milyar dolar arasinda
degismektedir (Sea-Level Rise & Global Climate Change, 2022). Yine ARC3.2 kapsaminda incelenen
52 sahil kentinde deniz seviyesindeki yilikselmenin 2050’11 yillarda ve 2080’11 yillarda siras1 ile 15 ile
60 cm, 22 ile 124 cm arasinda olacagi tahmin edilmektedir (Peker & Aydin, 2019).
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Sekil 3. 2100 yilina kadar beklenen kiiresel deniz seviyesi degisimleri (IPCC, 2021)

Istanbul 6zelinde deniz seviyesinde, iklim degisikligi etkisi altinda beklenen degisimler Tablo 1°de
verilmistir. Deniz seviyesi degisimleri, giincel durum ve gelecekteki projeksiyonlara gore farkl
senaryolarla belirlenmistir; bu senaryolarda firtina kosullar1 6nemli rol oynamaktadir. Karadeniz ve
Marmara Denizi’nde deniz seviyesinin 2053 yilinda RCP 8.5 senaryosuna gore 23 cm yiikselmesi
beklenmektedir. Bu ylikselmeye firtinasiz kosullar altinda gel-git etkisi ve mevsimsel degisimler de
eklendiginde 2053 yilinda giiniimiizdeki deniz seviyesinin hem Karadeniz hem de Marmara Denizi’nde
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43 cm yiikselecegi, bu ylikselmeye de ayrica atmosferik basing, riizgar kabarmasi ve dalga kabarmasi
etkileri de eklendiginde Karadeniz’deki yiikselmenin 93 cm mertebesine ulagmasi, Marmara
Denizi’ndeki yiikselmenin ise 68 cm’ye ulagmasi Ongoriilmektedir. Gelecekteki deniz seviyesi
yiikselmesine yonelik analizler cografi bilgi sistemi ortaminda da degerlendirilmis, mevcut deniz
seviyesinin yiikselmesi durumunda tehlikeye girebilecek alanlarin biiyiikliigii ortaya konmustur. Bu
baglamda, mevcut deniz seviyesinin, Karadeniz ve Marmara Denizinde 2053 yilma kadar
gergeklesebilecek en ekstrem kosullarda sirastyla 0,93 m ve 0,68 m yiikselmesi halinde hangi bolgelerin
sular altinda kalacag1 belirlenmis, ayrica uzun dénemde ve firtinasiz kosullarda deniz seviyesinin 0,43
m ylikselmesi durumunda yeraltt suyu tuzlanmasinin yasanmast muhtemel alanlar tespit edilmistir
(iSK1, 2022).

Tablo 1. Istanbul 6zelinde deniz sevivesinde beklenen degisimler (ISKI, 2022)

Marmara

Parametre Kisa Adi Parametre Uzun Adi Karadeniz (m)  Denizi (m)
A Mevsimsel Degisim (m) 0,10 0,10
B Gel-git Etkisi (m) 0,10 0,10
C Atmosferik Basing ve Coriolis Etkisi (m) 0,05 0,02
D Riizgar Kabarmasi (m) 0,20 0,10
E Dalga Kabarmasi (m) 0,25 0,13
F2053 Kiiresel Seviye Degisimi (m) - 2053 0,23 0,23
F2100 Kiiresel Seviye Degisimi (m) - 2100 0,68 0,68

Uzun Dénem (Firtinasiz Kosullar) Karadeniz (m) ll;/i ?;;??:;3
(-A-B) DSS - Diigiik Su Seviyesi - Simdi -0,20 -0,20
SSS — Sakin Su Seviyesi - Simdi 0,00 0,00
(A+B) YSS — Yiiksek Su Seviyesi - Simdi 0,20 0,20
(-A-B+F2053) DSS — Diisiik Su Seviyesi - 2053 yili 0,03 0,03
(F2053) SSS — Sakin Su Seviyesi - 2053 yil 0,23 0,23
(A+B+F2053) YSS — Yiiksek Su Seviyesi - 2053 yili 0,43 0,43
(-A-B+F2100) DSS — Diisiik Su Seviyesi - 2100 yih 0,48 0,48
(F2100) SSS — Sakin Su Seviyesi - 2100 yih 0,68 0,68
(A+B+F2100) YSS — Yiiksek Su Seviyesi - 2100 yili 0,88 0,88

Ekstrem Deger (Firtinali Kosullar) Karadeniz (m) 11?\)/{3 ?111:;??::)
(-A-B+C+D+E) DSS - Diigiik Su Seviyesi - Simdi 0,30 0,05
(C+D+E) OSS — Ortalama Su Seviyesi - Simdi 0,50 0,25
(A+B+C+D+E) YSS — Yiiksek Su Seviyesi - Simdi 0,70 0,45
(-A-B+C+D+E+F2053) DSS — Diisiik Su Seviyesi - 2053 yili 0,53 0,28
(C+D+E+F2053) OSS — Ortalama Su Seviyesi - 2053 yuli 0,73 0,48
(A+B+C+D+E+F2053) YSS — Yiiksek Su Seviyesi - 2053 yili 0,93 0,68
(-A-B+C+D+E+F2100) DSS — Diisiik Su Seviyesi - 2100 yih 0,98 0,73
(C+D+E+F2100) OSS — Ortalama Su Seviyesi - 2100 yili 1,18 0,93
(A+B+C+D+E+F2100) YSS — Yiiksek Su Seviyesi - 2100 yily 1,38 1,13

3. IKLIiM DEGISIKLIGi ETKILERINE YONELIK EYLEMLER / ACTIONS AGAINST
CLIMATE CHANGE IMPACTS

3.1. Kurakhga Yonelik Eylemler

Kuraklik yonetimindeki iki ana yaklagimdan biri kriz (reaktif) yonetimi yaklasimi olarak tabir edilen ve
kuraklik ortaya ¢iktiktan sonra gergeklestirilen faaliyetleri/caligmalar1 kapsayan yaklagimdir. Digeri ise
risk (proaktif) yonetimi olarak tabir edilen ve kuraklik ortaya ¢ikmadan, yavas gelisen bir siire¢ iginde
uygulanan faaliyetleri/calismalar1 kapsayan yaklasimdir (Anag, 2008).
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ISKi Master Plan1 kapsaminda Istanbul’da yasanmasi muhtemel kuraklik afetine yonelik hazirlanan
“Kuraklik Y&netim Modeli” Istanbul ilinin kuraklik hassasiyetini belirlemek, su biitcesi ve su
kaynaklarindaki olas1 degisiklikleri ortaya koymak amaciyla olusturulmustur. Model, mevcut sartlar ve
farkli derecelerdeki kuraklik kosullarinda sektorel su kullaniminin kapsamli bir degerlendirmesini
yapmaktadir. Ayrica, kuraklik ve su kithigmin etkilerini azaltmak ic¢in su kaynaklarinin optimum
kullanimini ve tasarrufunu saglayacak, ¢evresel hedefleri de dikkate alan 6nlemlerle olusturulmus bir
eylem planina dayanmaktadir (ISK1, 2022).

Kuraklik yonetim modeli ve kuraklik yonetim donglisii, yasanmast muhtemel bir kuraklik afetinin
dongiisel olarak normal durumdan hafif, orta ve ¢ok siddetli kuraklik durumuna ge¢gme ve tersine siray1
takip ederek normal duruma doénme siire¢lerinde (yani kuraklik afeti esnasinda) yapilmasi gereken
miidahale siireclerini ifade eder (ISK1, 2022).

Kuraklik yonetimi dongiisii, Sekil 4°te grafiksel olarak sunulmus ve bilesenlerinin ulusal planlardaki ve
uluslararasi literatlirdeki karsiliklar ise Tablo 2’de detaylandirilmistir.

L]
',
iy, -

Sekil 4. Kurakiik yonetimi dongiisii (Colorado Department of Natural Resources, 2018, SYGM, 2018)

Kuraklik yonetimi dongiisii dort bilesenden olusmaktadir: Izleme, Karar Alma, Tedbir Alma ve
Miicadele. Ulusal planlarda ve uluslararasi literatiirde de kuraklik yonetimi i¢in benzer dort asamali
yonetim mekanizmas1 benimsenmektedir (ISK1, 2022).

Tablo 2. Kuraklik yénetimi dongiisii bilesenlerinin ulusal planlarda ve uluslararasi literatiirdeki
karsiliklar

Antalya TAKMUSEP
Kuraklik Konya KYP KYP (T.C. Tarim ve TAMP Literatiir
Siddeti (SYGM, (SYGM Orman (AFAD, 2013) (Colorado Department of
2015) i Bakanligi, > Natural Resources, 2018)
2018)

2022)

Normal Izleme Normal Kurakliga Risk ve Izleme

Hazirlanma Planlama Siireci
Hafif Karar Alma On Alarm Kuraklik Hazirlik Siireci Karar Alma/

Alarmi Degerlendirme
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Orta Tedbir Alma Alarm Acil Eylem Miidahale Azaltma / Onleme

Siddetli Kisitlama Acil Durum Kisitlama Iyilestirme Tepki Verme / Kisitlama

Kuraklik kosullarimin ve kurak donem etkilerinin izlenmesi siirekli takip edilmesi gereken uzun soluklu
faaliyetler Havza Yonetim Heyeti (HYH) koordinasyonunda gergeklestirilir. Kuraklik kararinin
almmasi asamasinda HYH, sorumlu kurum ve kuruluslarin (SYGM, MGM, DSI, AFAD, vd.) merkez
ve tasra teskilatlarindaki birimlere, uzmanlara, akademisyenlere goriis sorabilir ve teknik destek
isteyebilir (ISK1, 2022).

Kuraklik ve tetikledigi afetlerin etkilerinden sakinmak icin, bu afetlerin topluluklart ilgilendiren
planlama ve kalkinma siireglerinde géz oniinde bulundurulmasi gerekir. Bahsedilen etkileri azaltmak
zor olsa da yaygin olarak kullanilan planlama araglar1 ve stratejileri, kuraklig1 ve tetikledigi afetlerin
etkilerini azaltmak i¢in firsatlar sunmaktadir. ABD Federal Acil Durum Yo6netimi Kurumu (FEMA) nin
2013 yilinda yayinladig1r Afet Etkilerini Azaltict Tedbir Onerileri, kuraklik etkilerinin azaltmasina
yonelik hazirlanacak planlamada dikkate alinmasi gereken iyi bir kaynak olup Tablo 3 {izerinde bu tedbir
Onerilerine yer verilmistir. FEMA ayrica tedbirleri degerlendirirken fayda-maliyet analizi yapilmasinin
O6nemini de vurgulamaktadir.

Tablo 3. Kurakligin afet etkilerini azaltmaya yénelik tedbir onerileri (APA, 2019)

Tedbir Gruplari Tedbir Onerileri
* Sulamaya bagimlilig1 azaltmak i¢in kurakliga toleransli veya kurakeil peyzaj
Vol skl vis uygulamalar1 yapilmasi, 5 )
uveulamalar . Ku'rakhk planlamasinin diger planlamalarla entegrasyonunun saglanmasi,
ve * Acil kuraklik durum planinin hazirlanmasi
. * Yeralt1 suyu akiferini beslemeye yonelik tedbirler: Reenjeksiyon, depolama ve 1slah
Yapisal tedbirler . X
ve altyapt * Su kaynaklarimi ¢esitlendirmek / arttirmak ve sebeke kayiplarini azaltmak amaciyla
projeleri altyap1 yatirimlar1 yapilmasi
* Kurakligin besi hayvanlari ve yaban hayati {izerindeki etkilerini azaltmak igin
meralardaki su depolarini ve riizgér enerjisiyle ¢alisan yeralti suyu pompalarimnin
Dogal sistemin artirilmasi,
korunumu « igme suyu su kaynaklarin1 korumak igin orman yangnlariyla miicadele de dahil olmak
lizere havza koruma faaliyetleri yiiriitiilmesi
» Kuraklik etkilenebilirlik analizi i¢in veri ve bilgi kaynaklarimin artirilmas,
* Etkilenen sosyal ve ekonomik sektorlere iligkin verilerin toplanmasi, cari durumun
degerlendirilmesi, yiiriitiilen programlarin durumunu tartismak amaciyla kuraklik ihtisas
Egitim ve heyeti olusturulmasi,
farkindalik * Kurakligin etkilerini azaltmak amaciyla tarimsal liretimde iiriin rotasyonu, kurakliga
programlart dayanikli tiriinlerin yetistirilmesi, toprak islemesiz tarim gibi tarimsal degisikliklerin
tesvik edilmesi
* Kurakliga 6zgii halk saglig1 sorunlari i¢in gozetim ve izleme faaliyetlerini artirilmasi
veya siirdiiriilmesi (igme suyu kuyularinda su kalitesinin test edilmesi)

Su temin kabiliyetinin azaldigi “hidrolojik kuraklik” durumunda, su kalitesinin bozulmasi ve su
kullaniminin artmasi nedeniyle igme suyu altyapisinin zarar gérmesi ihtimal déhilindedir. Bununla
beraber iklim degisikligine bagl olarak yagis ve akis rejimlerindeki degiskenlikler su idarelerinin igme
suyu depolama ve abonelerine giivenli igme suyu dagitma kabiliyetini olumsuz etkilemesi
beklenmektedir. Abonelerin kuraklik afetlerine karsi direngliligini (reziliyans) arttirmak ve kuraklik
afetlerinden etkilenebilirliklerini hafifletmek amaciyla bir dizi faaliyetlerden olusan kuraklik yonetimi
uygulamalar yiiriitiilerek kayda deger su tasarrufu saglanabilir. Bu faaliyetlerden bazilari: kuraklik
kosullarinda suyun korunmasina iligkin abonelerin bilgilendirilmesi, su kayip-kagaklarina yonelik su
denetimlerini sikilagtirmak, su tasarrufu saglayan teknolojileri kullanan abonelere tesvik programlari
uygulamak, sebeke ve su aritma sisteminde rehabilitasyon yapmak ve alternatif su kaynaklarm
arastirmaktir (ISK1, 2022).
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Istanbul’un biiyiiksehir konumunda olmas1 sebebiyle IBB ile birlikte ISKi’nin kurumlar arasi
koordinasyon konusunda &nemli bir pay1 vardir. Diger kurumlar ile birlikte ISKi’nin de kuraklik ve
iklim degisikligi etkilerini izleme siirecini dogru bir sekilde yiirliterek olas1 bir kuraklik afetinin
zamaninda tespitini saglayarak diger kurumlar1 uyarmasi ¢ok biiyiik 6nem tasimaktadir (ISK1, 2022).
Kuraklik riskini azaltic1 ve su temin sisteminde arz glivenligini arttirici nitelikteki su iletim hatlar1 insaat
caligmalar1 devam etmektedir. Istanbul’a kesintisiz su temininin devamini saglamak igin 2021 yilinda
128 km igme suyu sebekesi ve 53 km isale hatt1 yapilmistir (ISK1, 2021). Yasanan kurakliklarda barajlar
arast su transferi saglamak amaciyla enterkonnekte sistemler kurulmustur. SCADA destekli basing
denetimi gerceklestirilebilmekte, hidrolik modelleme ile entegre “izole alt sebekeler” iizerinden mikro
Olgekli su kaybir analizi uygulamalar1 yapilabilmektedir. Su yonetimi ile kayip kagaklarin azaltilmasi
hedefiyle gergeklestirilen akilli sebeke uygulamalarindan olan izole alt bolgelerde (DMA) akilli sayag
uygulamalar1 siirdiiriilmektedir. ISKI tesislerinde yenilenebilir enerji kullanimi arttirmak iizerine
calismalar (Biyogazdan enerji eldesinin arttirilmasi, giines ve riizgar enerji sistemleri uygulamalari)
devam etmektedir. Su verimliligi ve tasarrufu konusunda bilin¢lendirici ¢aligmalar kapsaminda ise aylik
30 m® ve iizeri su kullanan abonelerden baslamak iizere, yaklasik %66 oraninda su tasarrufu saglayan,
perlatorlerin iicretsiz dagitimi yer alabilir.

3.2. Kent Selleri ve Taskinlara Yonelik Eylemler

Tiirkiye’de afet riskini azaltmak amaciyla, T.C. Tarim ve Orman Bakanlig1 tarafindan 2013 yilinda
hazirlanmaya baglanan Taskin Yonetim Planlarinin ve Kuraklik Yonetim Planlarinin 2023 yilina kadar
25 havzanin tiimiinde tamamlanmasi hedeflenmistir. 2023 yili itibartyla Marmara Havzasi1 Taskin
Yonetim Plan1 tamamlanmig, Meri¢-Ergene Havzasi Tagkin Yonetim Plani i¢in ¢aligmalar ise 2024
yilinda devam etmektedir. Kuraklik Yonetim Planlari ise 20 havza i¢in tamamlanmis, diger havza
planlarina yonelik ¢calismalar devam etmektedir (T.C. Tarim ve Orman Bakanligi, 2024a; T.C. Tarim ve
Orman Bakanlig1, 2024b). Taskin yonetim planlar1 kapsaminda taskin riski 6n degerlendirmesi, tekerriir
debisine bagli olarak tagkinin yayilacagi alanlarin belirlenmesi, elde edilen haritalar yardimiyla tagkin
riskinin smiflandirilmasi ve bu riskin 6nlenmesi i¢in alinmasi gereken tedbirler ve eylem planini igeren
taskin yonetim planinin olusturulmasi calismalar1 yer almaktadir. Ayrica Iklim Degisikliginin Su
Kaynaklarma Etkisi Projesi (2013-2016) ile iklim degisikligi senaryolarinin Tiirkiye'nin tiim
havzalaridaki su kaynaklarina etkisi tespit edilmistir (ISKI, 2022). 2021 yilinda su ile ilgili cesitli
caligma gruplari ile yapilan ve 7 ay siiren “I. Su Suras1” sonug¢ bildirgesine gore; tagkin ve kuraklik
yonetiminde kriz yonetiminden risk yonetimine ge¢is saglanarak lilkemizdeki tiim havzalarda tagkin ve
kuraklik yonetim planlari 2023 yilina kadar tamamlanacak ve bu planlarda belirlenen tedbirlerin
uygulanmas: siirekli takip edilecek, taskin ve kuraklik afetleri ile ilgili tahmin ve erken uyar1 sistemleri
kurulacak ve bu afetler 6ncesinde gerekli uyarilar yapilarak onlemler alinacaktir. Ayrica 2018 yilinda
Istanbul Biiyiiksehir Belediyesi Baskanliginca “Istanbul Iklim Degisikligi Eylem Plan1”
hazirlattinlmistir. Bu kapsamda iSKi’nin gérev ve sorumluluklari altinda kalan eylemlerden taskinlara
yonelik dnlemlerin alinmasi eyleminin alt eylemi olarak derelere kurulan akim gézlem istasyonlarinin
sayisinin 2020'ye kadar 25 noktaya genisletilmesiyle taskin erken uyari sisteminin gii¢lendirilmesi ve
tagkin uyarilarmin halka hizla tagkin oncesi ulagtirilmasi igin iletisim altyapisiin kurulmasi (belirli
bolgelerde otomatik uyar1 sms'i génderilmesi vb. eylemi vardir (ISKI, 2022). Ayrica ISKi’nin tagkin ve
sel baskinlarinin 6niine gegmek icin yaptigi dere 1slah ¢aligmalari devam etmektedir. 2021 yilinda 11,5
km dere 1slah1 yapilmistir. Islah edilen derelerde kokunun 6nlenmesi ve biriken teressubatin temizligi
i¢in de ¢alismalar yapilmaktadir (ISK1, 2021). 2019-2024 yillar1 arasinda toplam da 78,2 km dere 1slah
ve bu alanlarda 824.420 m? peyzaj calismas1 tamamlanmustir (ISK1, 2024). Sekil 5.’te yapilan peyzajl
dere 1slah ¢alismalarindan bir 6rnek gosterilmistir.
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Sekil 5. Beylikdiizii Kavaklidere Peyzajli Dere Islah

3.3.Sicak Hava Dalgalarina Yonelik Eylemler

Yaklasik 16 milyonluk niifusu ile Tiirkiye’nin en kalabalik sehri olan Istanbul’da kentsel alandaki
biliylime ve yogun gelisme nedeniyle kentsel 1s1 adasi etkisi ile kentsel ve kirsal alanlar arasindaki
sicaklik farklarinin artmasi beklenen bir durumdur (Zaeemdar & Baycan, 2017). Bu konu ulusal diizeyde
T.C. Cevre, Sehircilik ve Iklim Degisikligi Bakanlig iklim Degisikligi Eylem Plan1 (2011-2023) ile ele
alimmus, asirt hava olaylariin mevcut ve gelecekteki halk sagligi {izerindeki etkilerinin izlenmesi ve
degerlendirilmesi konusunda bazi1 eylemler belirlenmistir (T.C. Cevre, Sehircilik ve Iklim Degisikligi
Bakanligi, 2012). Yerel diizeyde ise Istanbul iklim Eylem Plam ile sicak hava dalgalarmi basta halk
saglig1 olmak iizere bircok sektdr igin en biiyiik risklerden biri olarak tanimlanmistir (IBB, 2021).

Sicak hava dalgalar sebebiyle kentsel 1s1 adalar1 yerelde ve ulusal diizeyde 6nemli oldugu ifade edilse
de ayrintili bir 1s1 sagligi eylem plani heniiz belirtilmemistir. Yesil Avrupa Vakfi’'nin Umut Mekanlart
Olarak Kentler Projesi’nde 2030 yili igin Atina’min Dayaniklihk Stratejileri ve Istanbul Kent
Konseyi’nin sicak hava dalgalarma iliskin goriis ve oOnerileri kullanilarak Istanbul Biiyiiksehir
Belediyesi i¢in sicak hava dalgalarina kars1 potansiyel eylem alanlar1 ve eylem 6rnekleri Tablo 4’te yer
almaktadir (Aydin & Aydin, 2020; Resilient Athens, 2022; Istanbul Kent Konseyi, 2022).
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Tablo 4. Istanbul Biiyiiksehir Belediyesi icin sicak hava dalgalarina karsi potansiyel eylem alanlari ve

eylem érnekleri (Aydin & Aydin, 2020)
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3.4.Deniz Seviyesi Yiikselmesine Yonelik Eylemler

ISKi Master Plami Iklim Degisikligi ve Kuraklik Etkileri Raporunda gelecekteki deniz seviyesi
yiikselmesine yonelik analizler cografi bilgi sistemi ortaminda degerlendirmeye alinmis, mevcut deniz
seviyesinin ylikselmesi halinde ne kadarlik bir alanin tehlikede olabilecegi ortaya konmustur. Calismada
Istanbul’'un SRTM 30 m ¢oziiniirliiklii sayisal yiikseklik modelinden faydalanilmis, mevcut deniz
seviyesinin Karadeniz’de ve Marmara Denizi’ndeki 2053 yilina kadarki en ekstrem kosul olan 0,93 m
ve 0,68 m ylikselmesi halinde hangi bolgelerin sular altinda kalacagi tespit edilmistir. Burada yapilan
bir diger ¢alisma ise uzun dénemde ve firtinasiz kosullarda (deniz seviyesinin 0,43 m yiikselmesi
halinde) yeralt1 suyu tuzlanmasi yaganmasi muhtemel alanlarin belirlenmesidir. Bu analiz uzun yillardir
DSI tarafindan kullamldigi sekliyle Ghyben-Herzberg formiilii kullanilarak 1 m deniz seviyesi
yiikselmesinin 40 m yeralt1 suyu tablasinda degisim olusturacagi yontemi ile belirlenmistir. Ayrica 0,43
m yiikselmeye karsilik gelen yeralti suyu tablasi degisimi ve buna bagli olarak tuzlanma riski olan
bolgedeki yiikselme yatayda 17,2 m olarak tespit edilmistir. Buna gore 17,2 m yeralt1 suyu ylikselmesi
halindeki tuzluluga maruz kalabilecek alanlar da cografi bilgi sistemi ortaminda belirlenmis ve harita
olarak sunulmustur (Sargin, 2010; ISKi, 2022). Calisma kapsaminda ayrica Istanbul ili, Yenisehir
(Avrupa Yakasi) Rezerv Yapi Alani projesinin gergeklestigi durumda deniz seviyesi degisiminin ne
boyutlarda olabilecegi konusu da degerlendirmeye alinmustir. Istanbul 1li, Yenisehir (Avrupa Yakas1)
Rezerv Yap1 Alam giizergahi ve sevleri sayisal yiikseklik modeline islendikten sonra mevcut durumda
oldugu gibi ayn1 yontem ile hem deniz seviyesi yiikselmesi hem de yeralti suyunun tuzlanma durumu
2053 yili igin kontrol edilmistir. Calisma 6zellikle Terkos ve Bilyiikgekmece Barajlarmin yer aldig
bolgede detaylandirilmigtir. Olusturulan haritalar Terkos Baraji, Istanbul 1li, Yenisehir (Avrupa Yakast)
Rezerv Yap1 Alani projesinin gerceklesmesi durumunda Terkos Baraj1 ve Biiyiikgekmece Baraj1 olacak
sekilde sirasiyla Sekil 6, Sekil 7 ve Sekil 8 ile sunulmaktadir (ISKi, 2022).

GOSTERIM

Mevcut Durum Deniz Seviyesi
Bl <= 0,0000

Meveut Durumun Devami Kosulunda

I Terkos Baraji

B Deniz Seviyesi (0.53 m Yikselme Halinde)
[ Tuzlu Su Girisimi (0.43 m Yikselme Halinde)

\TERKOS|BRYS

Sekil 6. Deniz seviyesinin 2053 yilinda yiikselmesi halinde Terkos Baraji’nin k.ze)_/inde sular altinda
kalmasit muhtemel bélgeler ve tuzlu su girigimi yaganma ihtimali olan bélgeler (ISKI, 2022)

198



Safuk BASA, Ece SAGIR KURT, Ezgi ATLI, Tunay CARPAR / ESTU Resilience 8(1), 2024, sy(185-203)

WERKOS|BRJY

Mevcut Durum Deniz Seviyesi
| I <= 0,0000
Yenigehir (Avrupa Yakasi) Rezerv Yapi Alani
[ fstanbul 1ii, Yenigehir (Avrupa Yakasi) Rezerv Yapi Alani

¢ e I Barajlar
b I Deniz Seviyesi (0.93 m Yilkselme Halinde)
1 | R I Tuzlu Su Girigimi (0.43 m Yitkselme Halinde)

Sekil 7. Istanbul 11, Yem;vehir Avrupa akasz) Rezerv Yapr Alam projsinin gerceklesmesi halinde
Terkos 'un dogusundaki bolgede 2053 yilindaki muhtemel deniz seviyesi yiikselmesi ve tuzlu su girisimi
durumlar: (1SKi, 2022)

GOSTERIM

Mevcut Durum Deniz Seviyesi
B <= 0,0000
Mevcut Durumun Devami Kogulunda
Bliyukcekmece Baraji
Deniz Seviyesi (0.68 m Yikselme Halinde)
I Tuziu Su Girisimi (0.43 m Yilksel
e o B

Sekil 8. Marmara Denizi seviyesinin 2053 yilinda yiikselmesi halinde Biiyiik¢cekmece Baraji'nin
giineyinde sular altinda kalmas: muhtemel bolgeler ve tuzlu su girigimi yasanma ihtimali olan bolgeler
(ISK1, 2022)

ISKI Master Plam iklim Degisikligi ve Kuraklik Etkileri Raporunda yapilan degerlendirmelere gore
gerceklesmesi muhtemel deniz seviyesi ylikselmesi, su kaynaklari ve yagmur suyu toplama sistemi
acisindan herhangi bir sorun olusturmamaktadir. Ancak atiksu toplama sisteminde mevcut durumda
kullanilan savak yapilarinin gelecekte de isletilmeye devam etmesi halinde bu savak yapilarina deniz
suyu girisiminin onlenmesi i¢in tedbirler alinmalidir. Deniz seviyesindeki degisim takip edilmeli,
Bogazici ve Hali¢ boyunca bulunan ve +0,60 m kotundaki savak yapilarindaki deniz seviyesindeki
artislara gore bu savak yapilarinin denize desarj seviyeleri yiikseltilmeli ya da savak yapilart iptal
edilmelidir. Deniz seviyesi yiikselmesi ile ilgili olarak Terkos Golii’nii tehdit eden esas konu Terkos
Goli agiklarinda Karadeniz’den aliman deniz kumunun kiyida yarattigi olumsuz etkidir. Bu nedenle,
Terkos Golii agiklarinda deniz kumu alinmasina kesinlikle miisaade edilmemesi gerekmekte olup bu
nedenle olusabilecek kiy1 oyulmalar1 diizenli olarak kontrol edilmeli ve gerekli tedbirler alinmalidir
(ISK1, 2022).
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4. SONUCLAR/RESULTS

Niifus yogunluklar1 ve ekonomik faaliyetleriyle sera gazi emisyonuna yogun katkida bulunan kentler,
aynit zamanda degisen iklimin olusturdugu etkilerle karsi karsiyadir. Bu kargilikli etkilesim iklim
degisikligine uyum ve miicadele politikalari agisindan mega kentleri oncelikli kilmaktadir.

Istanbul’un iklime dayanikli bir sehir olma yolundaki ¢alismalari, siirdiiriilebilir su yonetimi ve altyapi
planlamasi agisindan dnemli bir yol haritas1 sunmaktadir. Sehir, yogun niifus ve simirli kaynaklarla
birlesen iklim degisikligi risklerine karsi kirillgan bir yap1 sergilemekte; bu durum da uzun vadeli
stratejiler ve biitiinlesik bir yaklasim gerektirmektedir. Istanbul il smirlar1 igerisinde mevcut durumda
saglanan su, atik su ve yagmur suyu hizmetlerinin ¢evresel acidan siirdiiriilebilir hale getirilmesi; bu
hizmetlerin uzun vadede topluma faydali olabilmesi i¢in kurumsal bir vizyon gelistirilmesi ve finansal
acidan bu gelisime katk1 saglanmas1 amaciyla igme suyu ve Kanalizasyon Master Plan1 hazirlamstir.
Master Plan kapsaminda yapilan ¢alismalar dogrultusunda hazirlanan iklim Degisikligi ve Kuraklik
Etkileri Raporunda Istanbul’un mevcut ve potansiyel su kaynaklarma yénelik yapilan kuraklik siddet ve
risk analizleri, trend analizleri, 1s1 adasi1 etkisi, deniz seviyesi yiikselmesi degerlendirmeleri ve iklim
degisikliginin su potansiyeline olan etkisi sehrin su yonetim stratejilerinin belirlenmesinde kritik bir rol
oynamaktadir. Bu analizler, Istanbul’un gelecekteki su talebini karsilamak icin potansiyel risklerin
onceden tespit edilmesine ve sehrin su kaynaklarinin daha verimli kullanilmasina yonelik stratejilerin
gelistirilmesine olanak saglamaktadir.

Iklim degisikligi ve kuraklik kosullari dikkate alindiginda su tasarrufu saglamak igin bilinglendirme
caligmalariin yayginlastirllmas: 6nem kazanmaktadir. Ayrica, su kayip-kacaklarinin Onlenmesi
amaciyla kontrol sistemlerinin yayginlastirilmas: ve altyapi yenileme ¢alismalari, suyun daha verimli
kullanilmasina katkida bulunabilir. Kuraklikla miicadelede, su tasarrufu saglayan teknolojilerin
kullanimin1 tesvik etmek igin, bu teknolojileri benimseyen abonelere yonelik tesvik programlari
uygulanabilir. Ayn1 zamanda, kent selleri ve tagkinlar gibi dogal afetlere kars1 erken uyari sistemlerinin
kurulmasi, sehirdeki suyun giivenli bir sekilde yonetilmesini ve tagkin risklerinin minimize edilmesini
saglar. Dere 1slah1 ve yesil altyap1 projeleri sadece yagmur suyu yonetimini iyilestirmekle kalmaz, aym
zamanda sehirdeki yesil alanlarin artirilmasina ve ekosistem hizmetlerinin giiclendirilmesine de katkida
bulunur. Istanbul’un sahil alanlarinda meydana gelebilecek risklerin erken tespiti ve dnlenmesi igin
izleme sistemlerinin kurulmasi da deniz seviyesi yilikselmesi konusunda kritik 6neme sahiptir. Tiim bu
onlemler, kuraklik ve su kithgina karsi proaktif bir yaklasimla, Istanbul’un su kaynaklarinin daha etkin
ve siirdiiriilebilir bir sekilde yonetilmesini saglar. Sehirdeki su yoOnetim politikalarmin iklim
degisikligine uyum saglamasi hem su, atik su ve yagmur suyu hizmetlerinin kalitesinin devamliligini
saglayacak, hem de sehrin gelecekteki su giivenligini teminat altina alacaktir. Bu kapsamli yaklagim,
Istanbul’u iklim degisikligine daha direngli ve mega kent haline getirmek igin atilan énemli adimlar
arasinda yer almaktadir.
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Yeni mobil ve dijital teknolojiler dijital nesnelerle biitiinleserek kentlerin dijital doniisimiini
veya akilli kent haline gelmesini saglamaya baslamiglardir. Bu akillanma seviyesinin hangi
asamada oldugunun Ol¢iilmesi kent strateji ve politikalariin belirlenmesi igin gereklidir.
Ancak giinlimiizde dijitallesen kentlerin akillanmasi yaninda siirdiiriilebilirlik ve
dayanikliliginin da 6l¢iilmesini gerektirmektedir. Bu yiizden “ISO Kritik Basar1 Faktorleri
(KBF) ve ilgili gosterge verileri vasitasiyla kentlerin akillilik, stirdiirtilebilirlik ve dayaniklilik
endekslerinin hesaplanmasi” bu aragtirmanin amaci olarak belirlenmistir.

Diinyada ve Tiirkiye’de kentlerin akillanmasiyla ilgili ¢ok farkli aragtirmalar olmasina ragmen
bu arastirmada ISO KBF ve gostergeleri kentlerin kiiresel olarak karsilagtirilabilmesini
saglamak i¢in kullanilmistir. Aragtirmada ISO’nun endeks caligmalarinda kullandigi 20
KBF’si ve herbir endeks i¢in kullandigi gostergeler kullanilmistir. ISO tarafindan farkl
alanlarda belirlenen farkli sayida gosterge degerleri dncelikle belediyeler, TUIK, BTK, SGK,
MEB, TiM, TOBB, SB, CSB vs. gibi resmi kurumlardan toplanmistir. Toplanan verilerden
oncelikle KBF bazinda ISO akillilik, siirdiiriilebilirlik ve dayaniklilik kent radar grafik
haritalart ¢ikarilmis ve bu haritalar yardimu ile farkli ISO kent endeksleri hesaplanmistir. Bu
endeks degerleri ve kent radar grafik haritalar1 yardimiyla ilgili kent yonetici ve paydagslari
kentle ilgili daha dogru stratejiler ve politikalar belirleyebilir ve kent paydaslarinin kent
yonetici performanslart ve diger kentlere gére durumlart hakkinda bilgi sahibi olmasimi
saglanabilir.

Bu aragtirma ISO gostergeleriyle Tirkiye’de yapilan ilk akillilik, sirdiiriilebilirlik ve
dayaniklilik kent aragtirmasidir.

Abstract
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New mobile and digital technologies have begun to integrate with digital objects and enable
cities to digitally transform or become smart cities. Measuring the stage of this level of
smartness is necessary to determine city strategies and policies. However, today, digital cities
require measuring their sustainability and resilience as well as smartness. Therefore, the
purpose of this research was determined as “calculating the smartness, sustainability, and
resilience indexes of cities through ISO Critical Success Factors (CSF) and related indicator
data”.

Although there are many different studies on the smartness of cities in the world and Turkey,
ISO CSF and indicators were used in this research to ensure that cities can be compared
globally. In the research, 20 CSFs used by ISO in index studies, and the indicators used for
each index were used. Different numbers of indicator values determined by ISO in different
areas were collected primarily from official institutions such as municipalities, TUIK, BTK,
SGK, MEB, TiM, TOBB, SB, CSB, etc. From the collected data, ISO smartness,
sustainability, and resilience urban radar chart maps were first extracted based on CSFs, and
different ISO urban indexes were determined with the help of these maps. With the help of
these index values and urban radar chart maps, relevant city managers and stakeholders can
determine more accurate strategies and policies regarding the city and provide information to
city stakeholders about the performance of city managers and their city status compared to
other cities. This research is the first smartness, sustainability, and resilience city research
conducted in Turkey with ISO indicators.

1. INTRODUCTION

Ensuring the digital transformation of cities by integrating developing mobile and digital technologies
with digital sensors in cities becomes important in fulfilling municipal and other city services
effectively, sustainably, and efficiently. Smart city applications that started to emerge with the digital
transformation of cities have begun to offer important opportunities in ensuring urban security, finding
addresses, collecting garbage, monitoring municipal vehicles, and activating and ensuring the
sustainability and resilience of other municipal services (TiirkTelekom, 2018).

Here, a Smart City (SC) is defined as a city where data and information flow in a digital environment
and physical entities in the city communicate in this digital environment. The digital transformation of
a city means becoming a "Smart City" (Satyam, 2017). Smart cities owe their birth to "Wireless Internet
Networks" (Coruh, 2022). Today, it has become impossible to collect and analyze city data that has not
been digitalized (Kayan, 2019). Therefore, cities need to be equipped with smart sensors and services
and their digital twins need to be created. However, today, in addition to being smart, cities are also
required to be "Sustainable and Resilience".

A sustainable city is defined as a development that prevents the irreversible destruction of natural values
as a result of use above the natural carrying capacity and meets the needs of future generations as well
as current generations (Bayram, 2001, s. 255).

Although there are many sources in the literature on the smartness and sustainability of cities, the
concept of urban resilience is a relatively new concept and one of the new research areas (Ernstson, et
al., 2010). It has been defined as "the degree to which cities can withstand the stresses that occur during
the change process before they are reorganized with a new structure" (Alberti, et al., 2003, p. 1170).
However, the subject of this research is not about the smartness, sustainability, and resilience features
of cities, but about calculating the degree to which they have these features with the help of indicators
and ranking them accordingly.

Many organizations and research groups around the world make classifications such as the most livable
city, the best global city, the smartest city, the most digital city, and the city with the best job
opportunities. In this context, various indices regarding the digitalization, sustainability, resilience, and
smartness levels of cities in the world and Turkey are developed by different national and international
institutions. Because numerical indicators related to the digitalization of cities are becoming extremely
important for the design of international and national policies (TUBISAD, 2020, s. 19). These city index
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rankings are generally used by cities to increase their promotion and improve their position in the
competition among cities in the world (SCRanking, 2007).

Many Critical Success Factors (CSF) that affect the smartening or digitalization of cities have been
revealed in SC indexing studies around the world. In line with these CSF indicators that determine the
smartening of cities in the world and Turkey have been made and published, showing the level of
smartness of cities. However, due to recent climate, economy, demography, and political developments,
it has been seen that cities need to be smarter as well as ensure their sustainability and resilience.
Therefore, the smartness, sustainability, and resilience levels of cities need to be measured and reported
to relevant city stakeholders. In this way, relevant city institutions and stakeholders can make strategic
and political decisions in line with these measurements and ensure the development of life and services
in the city. It should not be forgotten that the smartening of cities should be read as the digitalization of
cities (Satyam, 2017). Today, it has become impossible to collect and analyze urban data that is not
digitalized (Kayan, 2019). Therefore, cities need to be equipped with smart sensors and services and
their digital twins must be created.

In smart city indexing studies around the world, many CSFs affecting the smartness or digitalization of
cities have been revealed. In line with these CSFs, indicator data determining the smartness of cities in
the world and Turkey have been collected, and many different national and global “Smart City Index
(SCI)” calculations or different “Assessment Models” showing the level of smartness of cities have been
made and published. All these smart city index studies have been influenced by the “SC Wheel” which
is defined in (Cohen, 2012). In this field, many institutions such as Cisco, IBM, the European Union,
and ISO in the World, IBB, Vodafone-Deloitte, the Turkish Informatics Foundation, and the Ministry
of Environment and Urbanization in Turkey have published smart city indices. A list of these index
studies can be accessed from (Coruh, 2022a). PAS 181, ISO 37120, and ISO 37122 in the world
determine the international standards in the field of Smart Cities.

As emphasized before, due to climate, economic, demographic, and political developments, it has been
seen that cities need to become smarter as well as their sustainability and resilience. Therefore, in
addition to measuring the smartness levels of cities, it is also necessary to measure their sustainability
and resilience levels and report them to relevant city stakeholders. In this way, relevant city institutions
and stakeholders can determine the right policies and make the right strategic decisions in line with these
measurements, thus ensuring the development of life and services in the city. A literature review on
smart cities and sustainability can be found in (Shmelev & Shmeleva, 2025). Some of the index studies
on urban resilience are listed in Table 1.

Table 1. Resilient City Index Research

Name Developer and Dimensions CS | Ind | Website Year
Supporter F# | #
City Developed by the Infrastructure 12 52 https://mercociuda | 2016
Resilience ARUP group and resilience, social des.org/wp-
Index supported by the inclusion, content/uploads/20
Rockefeller environmental 20/10/CRI-total-
Foundation sustainability, and Booklet.pdf
leadership in resilience
planning
Resilient Developed by Climate change, social | 8 24 https://www.preve 2013
Cities Index | Economist Impact inequality, disaster ntionweb.net/publi
and supported by preparedness, and cation/resilient-
Tokio Marine Group | long-term cities-index-2023
sustainability
Global Aon Climate risk exposure, | 3 40 https://global.infras | 2016
Resilience infrastructure tructureresilience.o
Index vulnerability, rg/guide
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economic stability, and
social resilience
UN UN-Habitat Social inclusion, 10 50 https://unhabitat.or | 2012
Habitat’s economic opportunity, g/city-prosperity-
City infrastructure, and index
Prosperity environmental
Index (CPI) sustainability
Resilience The Rockefeller Economic resilience, 3 8 https://www.rockef | 2015
Capacity Foundation governance, ellerfoundation.org
Index (RCI) infrastructure, and /
social resilience
The Urban University of Governance, urban 4 https://www.unime | 2017
Resilience Melbourne and infrastructure, and Ib.edu.au/
Index Australian National environmental
University resilience
Global The Economist Social stability, 6 40 https://www.eiu.co | 2015
Cities Intelligence Unit economic resilience, m/
Resilience (EIU) infrastructure, and
Index governance
ICLEI’s ICLEI (Local Environmental 6 40 https://www.iclei.o | 2006
Resilient Governments for sustainability, disaster rg/
Cities Sustainability) risk management, and
Assessment adaptive capacity
European European Economic resilience, 4 30 | https://commission. | 2018
Resilience Commission climate adaptation, europa.eu/index_en
Index social integration, and
governance
ISO International No dimension 20 78 https://www.iso.or | 2019
37122:2019 | Standard g/standard/69050.h
Sustainable Organization (ISO) tml
cities and
communitie
s-indicators
for resilient
cities

As stated on the website of the “Resilient City Index 2023” in the table, it was developed by Economist
Impact to support policymakers and stakeholders of 25 global cities in the world to understand the risks
related to their cities and design effective policies and is renewed every year. Four dimensions are used
to measure the resilience of cities in the index: critical infrastructure, environment, socio-institutional,
and economy. “Economist Impact” defines urban resilience as the ability of a city to avoid, withstand,
and recover from shocks and long-term stresses. In the words of Economist Impact, a resilient city
should be able to organize itself after a shock event, adapt to emerging risks, and plan ahead rather than
react (Economistlmpact, 2023). In this index of 25 global cities, where the most resilient city is New
York with 84.9 out of 100 points and the least resilient city is Lagos with 39.6, Istanbul appears in 16th
place with 65.9 points.

The “City Resilience Index” in the table was developed by the Arup group in 2014 with the support of
the Rockefeller Foundation. This city resilience index provides a comprehensive, technically sound, and
globally applicable basis for measuring city resilience. The research, consisting of 52 indicators
evaluated according to the answers given to 156 questions through a combination of qualitative and
quantitative data, is reported in line with 12 objectives (or CSF). The index was first piloted in the
following 5 cities: Shimla, India, Concepcion, Chile, Arusha, Tanzania, Hong Kong, China and
Liverpool, England (Arup, 2019). The Australian firm Arup, the designer of the index, has been
bringing together design and engineering studies with social purpose since 1946. Arup encourages city
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policymakers and other city stakeholders around the world to start this vital analysis by using the
interactive online assessment tool at www.cityresilienceindex.org. The document at
https://mercociudades.org/wp-content/uploads/2020/10/CRI-total-Booklet.pdf shows that the same
research has been carried out in 23 other cities. No other city in Turkey has implemented this index. The
updated 2024 framework version of the index is available at
https://resilientcitiesnetwork.org/downloadable_resources/Publications/City%20Resilience%20Frame
work%2024%20FINAL _.pdf.

The ”Global Resilience Index” has been developed by Aon, a global risk management firm, which
focuses on cities' resilience to climate risks, environmental hazards, and socioeconomic factors. The
details of the remaining indexes info can be reached from their websites in Table 1.

On the other hand, it is seen in the literature that the dimensions, CSFs, and indicators used in the studies
measuring the level of smartness, sustainability, and resilience of cities are generally technology and
special subject-oriented (Vodafone, 2016). Therefore, when measuring the smartness, sustainability, and
resilience of cities, more holistic research is needed that measures values in many areas such as
economy, education, transportation, governance, energy, demographic structure, health, environment,
smart city applications, and technical infrastructure. For this purpose, CSFs and indicators used in
different areas by the International Organization for Standardization (ISO) can be used as global
standards.

So, the purpose of this research “is to calculate the smartness, sustainability, and resilience levels of
digitalized cities within the framework of a specific model with ISO CSFs and indicators”. In the
research, 129 ISO 37120 sustainability city indicators, 81 ISO 37122 smart city indicators, and 78 ISO
37123 resilience city indicators were used. The ISO reports used in the research are:

1. ISO 37120:2018 Sustainable cities and communities-indicators for city services and quality of

life.
2. 1SO 37122:2019 Sustainable cities and communities-indicators for smart cities.
3. IS0 37123:2019 Sustainable cities and communities-indicators for resilient cities.

The 20 CSFs and the number of indicators used in these index reports published by ISO are listed in
Table 2. No research has been found on the internet using these three ISO index indicators together.

Table 2. ISO Critical Success Factors and Indicator Numbers

# Critical Success Factors (CSF) ISO 37120 Indicators # ISO 371221SO 37123
Indicators # Indicators #
1 |Economy 11 4 7
2 |Education 6 3 4
3 [Energy 9 10 3
4 [Environment and climate change 9 3 9
5 |Finance 6 2 7
6 |Governance 4 4 6
7 |Health 6 3 4
8 |Housing 10 2 6
9 |Population and social conditions 9 4 5
10 [Recreation 2 1 2
11 |Safety 10 1 4
12 |Solid waste 10 6 1
13 |Sports and Culture 3 4 3
14 [Telecommunication 3 1
15 |Transportation 9 14 1
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16 |Urban/local agriculture and food security
17 |Urban planning

18 |Wastewater

19 |Water

20 [Reporting and record maintenance
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In this research, ISO index values showing the smartness, sustainability, and resilience levels of 81
provinces in Turkey were calculated with the help of ISO CSFs and indicators listed in Table 1
(indicators can be viewed from relevant ISO reports above). These are briefly named Smart City Index
(SCI), Sustainable City Index (SUCI), and Resilient City Index (RCI).

In the "Smart Cities White Paper" prepared by the Geographic Information Systems (GIS) Directorate
in Turkey in 2019, it was stated that individuals and institutions seeking solutions to the needs of cities
need some evaluation tools that will show how "Smart" the city is, to produce smart city solutions. In
the same bulletin, it was stated that quantitative and qualitative analysis tools were needed to make these
evaluations. The indexing model and radar chart maps used in this research can meet the needs of these
evaluation and analysis tools (Coruh, 2021). Briefly, with the help of the "Index Calculation Model"
used in the research, it was tried to explain how to rank the cities according to these different ISO index
values and how to visualize the smartness, sustainability, and resilience of the cities through city radar
chart maps.

This study is the first research measuring the "Smart, Sustainable and Resilient City" level of 81
provinces in Turkey in line with ISO standards. In this research, under the coordination of the Turkish
statistical institution (TUIK), institutions such as YOK, CSB, SB, TOBB, SGK, MEB, ATGM, TIM,
TBB, EPDK, STB, HGM, TPK, Iskur, MGM, AFAD, BTGM, BTK, Tiirk Telekom, Gazbir and SBB’s
published official statistical data on a provincial basis and data collected from 81 provincial
municipalities were used.

2. METHOD

In the research, the city index calculation method, which shows how to measure the smartness,
sustainability, and resilience levels of cities and how to rank cities, was used, as explained in detail in
(Coruh M., 2021). Specially prepared Access database and Excel spreadsheet programs were used to
record, process, visualize, and analyze the data used in the research. The calculation details of these
tables are explained in the "The Research Findings and Discussion" section. The process model
consisting of the "Discovery, Data Collection, Index Calculation, and Evaluation" stages seen in Figure
1 was used in the research.

As can be seen from the model in the figure, the indicators, CSFs, and dimensions required for measuring
the smartness, sustainability, and resilience levels of cities were taken from ISO standards in the
“Discovery” phase. Then, the indicator data were collected from primary and secondary sources in the
“Data Collection” phase and CSF ratios and maximum R values were calculated with the help of the
formulas determined in this research. The average indicator values of Turkey used in these calculations
were obtained from the official websites (secondary source) of institutions such as TUIK, BTK, TOBB,
MEB, TUSIAD, TiM, SGK, YOK, TUBISAT. It was observed that these secondary source data, which
are published on an annual and monthly basis, are generally published on a Turkey and province basis
(Coruh & Cebeci, 2020). The primary source municipal data required for the research were collected
from the “Information Technology (IT)” departments of the provincial center municipalities with the
help of “Survey Forms”.

Firstly, by visualizing the smartness, sustainability, and resilience ratio values calculated based on CSF
with the help of indicator values, smartness, sustainability, and resilience radar chart maps were created
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that city managers can use in making decisions about the city. After the areas on the radar chart maps
were calculated with the "Polygonal Area Calculation", the smartness, sustainability, and resilience
index values of the cities were calculated using the "Satyam Technique". In the "Evaluation" stage,
different ISO rankings of the cities were determined according to the relevant index values.

Discovery
. , - Purchase of relevant standard
Translating Indicators and Critical documents within the scope of
Success Factors from ISO 37120:2018 the SRP proj ect

and ISO 37122:2019 standards.

129 city sustainability, 81 smartness
and 78 resilience indicators and 20
CSFs

Collection of Secondary Data from
Public Institutions and Primary Data
] from Municipalities

Sending information collection
forms to municipalities

Data Collection

[ Indicator Data Collection

ISO smartness, sustainability and
resilience CSF Ratios
Maximum R

Index Calculation

[ Urban Radar Map Polygon Area Calculation

[ Urban Index Calculation Satyam Technique

City smartness, sustainability and
resilience Indexes

Evaluation

] Ranking by ISO smartness,

[ Ranking of Cities sustainability and resilience index

Figure 1. Application Model of Research

Source: Coruh, M. (2021). Cok kriterli karar verme tekniklerine dayali yeni bir kent dijitallesme endeks hesaplama modeli énerisi: Tiirkiye
uygulamasi. Doktora Tezi. Sakarya Universitesi Isletme Enstitiisii YBS Boliimii, Sakarya. The model was rearranged for this research.

In summary, for the calculation of the ISO smartness index of the cities, the collected indicator values
were divided by the Turkish averages or standard values and first the “Indicator Ratio” was found. The
total ratio of each smartness CSF was found by adding these indicator ratios and this ratio was divided
by the CSF indicator number and the “CSF Ratio” used in creating the radar chart maps was calculated.
“Smart City Radar Chart Maps (SCRCM)” were created with these CSF ratio values and after
calculating the areas (x) of these SCRCMs, the “Smart City Indexes” of the cities were calculated by
dividing the radar chart areas suggested in (Satyam, 2017) by the circle area (y) containing this area.
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This (x/y) calculation formula is called the “Satyam Calculation Technique”. In this formula, the x
triangular areas on the radar chart maps were calculated with the formula (x = (A * B * sin 18)/2) and
their totals were taken. For the calculation of a single common circle area (y) for each city, the largest
CSF value from 81 provinces was selected and the maximum (R) value was determined. The radar chart
map areas of the cities were divided by the circle area calculated with this R (y = mR?) and the
calculated index values were also used in the ranking of the cities (Coruh M., 2021). These processes
were repeated for the calculation of “ISO Sustainable City Indices” and “ISO Resilient City Indices”.

Different city ranking indices and city radar chart maps have been published in Turkish and English on
http://www.mustafacoruh.com/WebSC/SC_Default site regularly every year since (2020) for the use of
city municipalities, public institutions, citizens, and researchers.

This calculation method used in the research is explained in the findings section through the example of
Ankara.

In this research, first, the collection of 2022 data published by different institutions on a provincial and
Turkish basis in line with the relevant official statistics publication calendar coordinated by TUIK
(TURKSTAT) was ensured and the newly published 2020 and 2021 data was added, or updated.
Because many annual statistical publications can be one or two years behind. For this reason, the
rankings published on the relevant site change as the data for that year comes in. On the other hand, a
Scientific Research Project (SRP) was created in the newly opened “EYON341 Smart Cities” course in
the 2023-24 fall semester at Nigantagi University, Faculty of Economics and Administrative Sciences,
Department of Management Information Systems to collect provincial municipality data not published
by official statistical institutions. Within the scope of this SRP project, the data of provincial
municipalities were collected with the help of students. The situation was explained to the 34 students
who were initially enrolled in the course and as a result, 23 students decided to continue the course to
help with the project.

In the first 4 weeks, data was collected from municipality websites, municipal activity, and performance
reports by sharing the 81 provinces among 23 students. The data collected by the students were entered
into the SQL Server + MS Access database in the Sth week. The students used the "Survey Form" which
was created to collect data from the municipalities. These data survey forms, which report the data
collected in each provincial municipality, were sent to the relevant municipality by e-mail and were
asked to correct the incorrect information or complete the missing information and send it back. An
attempt was made to collect data by contacting the provincial municipalities by phone and email of the
students who collected the relevant provincial municipality data.

However, despite the efforts of the students to communicate by phone and email, the majority of the
provincial municipalities did not prepare and send back the survey forms. Many municipalities reported
that they were very busy due to the election year and could not answer the survey. Thereupon, a second
round of data collection sessions was held with the students. This second round of data collection started
on December 10, 2023, and ended on December 31, 2023. At this stage, in addition to municipal activity
reports and websites, the reports titled “ Province 2020/2021/2022 Environmental Status
Report" published by the "Provincial Directorates of Environment, Urbanization, and Climate Change"
operating within the governorships for the relevant province were also used. This new data collected
was entered into the relevant database in the first week of 2024.

On the other hand, the data published by TURKSTAT on a Turkey basis but not on a provincial basis
(Table 3) were requested in (2024) three times from the TURKSTAT website https://ty.tuik.gov.tr with
the letter of the rectorate numbered E-53822972-042-24884 on 10.01.2024. Some of the data listed in
the table also consist of data that has not yet been published for 2022.

Table 3. Data Requested from TURKSTAT (2020, 2021, 2022, if applicable, 2023)
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1 | Number or rate (%) of computer and internet usage of the public on a provincial basis

2 | Number or rate (%) of computer usage by businesses on a provincial basis

3 | Number or rate (%) of websites owned by businesses by province

4 | Number or rate (%) of social media usage by people and businesses by province

5 | Number or rate (%) of e-Government users and usage by province

6 | Number or rate (%) of employees working in enterprises in the ICT sector on a provincial basis

7 | Number or rate (%) of employees working in enterprises in the education sector on a provincial basis
8 | Number or rate (%) of foreign capital enterprises and employees on a provincial basis

9 | R&D expenditure amounts (b) and number or rates (%) of employees in R&D on a provincial basis
10 | E-Commerce amount (b), number of businesses, number of transactions or rates (%) by province
11 | Number of online education institutions by province

12 | Electricity consumption per capita by province, Kwh (2022)

13 | Amount of solid waste burned/used for BES energy production in municipalities (Ton or Kg)

14 | Number of social support recipients (total, widow/orphan, disabled/disabled, retired/elderly) by province
15 | 2- and 5-year survival numbers or rates of neonatal interventions on a provincial basis

16 | Number or rate (%) of SME enterprises and employees by province

17 | Number of citizens born abroad by province

18 | Number of immigrants coming to Turkey in the last 5 years by province

19 | Greenhouse gas emission amounts by province

20 | Number of electric and hybrid cars by province

21 | Total amount of plant food production by province (ton)

22 | Total animal food production amount by province (ton)

23 | Total plant food consumption amount by province (ton)

24 | Total amount of animal food consumption by province (ton)

25 | Number of 100% electric cars registered by province

26 | Number of registered hybrid cars by province

27 | Number of registered LPG cars by province

28 | Total number of people receiving disabled/invalidity pension by province

29 | Total number of people receiving pension/elderly pension by province

30 | Total number of people receiving widow/orphan pension by province

31 | Number of people receiving benefits and salaries within the scope of social protection on a provincial basis
32 | Police numbers by province

33 | Number of fire-related deaths by province

34 | CPlI rates by province or statistical regionl or region2 (2022)

35 | E-Commerce amounts by province

Again, on 28.1.2024, details of the Waste data published annually on a provincial basis were requested
from the "Ministry of Environment, Urbanization, and Climate Change" through CIMER, but the data
could not be received.

On the other hand, it has been observed that many of the ISO resilience indicator data in Turkey have
not been collected and published. This situation is seen in the urban resilience radar chart maps.

As a result of the data collected for the research being entered into the system, the ISO smartness,
sustainability, and resilience city indexes of 81 provinces for 2022 were extracted and reported at the
end of April 2024. With these indices, an attempt was made to create an international index comparison
infrastructure for 81 provinces.
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3. THE RESEARCH FINDINGS AND DISCUSSION

As explained briefly in the method section, in the process of calculating the ISO SCI, SUCI, and RCI
indices on a provincial basis, the data of each province were first collected, and Turkey's standard data
were calculated from the average of these collected data or taken from official statistical data. Each
provincial indicator data value collected was divided by the relevant Turkish standard indicator value
and an indicator ratio was found. If these ratio values are above 2.0, they are limited to 2.0 to normalize
the effect of the indicator on the index. In this way, the effects of the outlier indicator values on the
indices are limited by ensuring that all indicator values are calculated to be between 0 and 2. Each CSF
ratio value was found by adding up the calculated indicator values of each CSF listed in Table 1 and
dividing by the number of indicators of that CSF. For example, after calculating the total of Ankara's
ISO 37122 Smart City “Economy CSF” indicator values as 3.69853, this total was divided by 4, which
is the indicator number of the “Economy CSF”, and Ankara's “Economy CSF” value was found as
3.69853/4 = 0.9246325. If this value is less than 1, it indicates that the Economy CSF value of Ankara
province is lower than the Turkey average, and in the case that Ankara's performance is not good in this
CSF. Values greater than one indicate that the performance is higher than the Turkey average. After 20
CSF values for ISO 37122 Smart City were calculated one by one in this way, they were converted into
Smart City Radar Chart Map (SCRCM) as seen in Figure 2 for Ankara. The same calculations were
made for Sustainable City Radar Chart Map (SUCRCM) and Resilient City Radar Chart Map (RCRCM)
values, and they are visualized in Figure 3 and Figure 4 for Ankara. The red-lined area in the figures
shows the average area of Turkey and is the same for each province. The performance of the province
on a Turkey basis can be determined by looking at the red and blue lines.

Figure 2. Smart City Radar Chart Map of Ankara Province (SCRCM)
Source: SCPortal. (2020). Smart city portal. Retrieved from http://www.mustafacoruh.com/WebSC/EN_Default
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Figure 3. Sustainable City Radar Chart Map of Ankara Province (SUCRCM)
Source: SCPortal. (2020). Smart city portal. Retrieved from http://www.mustafacoruh.com/WebSC/EN_Default

Figure 4. Resilient City Radar Chart Map of Ankara Province (RCRCM)
Source: SCPortal. (2020). Smart cities portal. Retrieved from http://www.mustafacoruh.com/WebSC/EN_Default

To calculate the Ankara SCI values, firstly the values of the blue areas in the figures were calculated in
line with the formulas explained in the method section. By dividing these area values by the circle area
surrounding this area, the SCI, SUCI, and RCI values of that province were found. However, the R-
value of the Circle used in calculating these index values was calculated according to the maximum R-
value, which is the highest among 81 provinces. In other words, indices were calculated by dividing the
total triangular area of the cities calculated to rank all the provinces by the circle area produced from
this maximum R. For example, when calculating the SCI of Ankara (and all other provinces), the rate
of 1.414 from Karabiik province was used instead of Ankara's maximum R-value of 1.317. The radar
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chart map areas seen in Figure-2, Figure-3, and Figure-4 were substituted into the “Satyam Index
Calculation” formulas and calculated as SCI=0.15514, SUCI=0.31623 and RCI=0.04371 for Ankara
province. These calculated index values were also used in Ankara’s Turkey province ranking.

This calculation process explained for Ankara, 2022 SCI, SUCI, and RCI values were calculated
separately for 81 provinces with the help of an Excel table as of 30.4.2024 and are listed in Table 4.
However, the ranking in the table is made according to the "ISO 123 RCI (Resilience) Ranking" column.
The different rankings can be done on the column name in the Excel table or by clicking on different
columns on the website where it is published. In the third column of the table, information is given on
whether there is an SC project in the relevant provincial municipality. As can be seen from the bottom
line of the table, municipalities reported that 59 province municipalities have SC projects out of 81.

Table 4. 2022 Ranking of Provinces According to ISO 120, 122, and 123 Indexes

Provi | Province Name Is ISO 120 ISO 120 ISO ISO 122 ISO ISO 123
nce There SCI SCI 122 SUCI 123 RCI
Code SC Ranking SUCI RCI

Proje Rankin Rankin

ct? g g
50 Nevsehir 1 9 0,34346 56 0,03951 1 0,1848
40 Kirsehir 1 14 0,32346 53 0,04248 2 0,1688
34 Istanbul 1 1 0,47968 1 0,22341 3 0,16127
58 Sivas 1 27 0,30429 6 0,10407 4 0,15057
17 Canakkale 1 2 0,42328 17 0,07239 5 0,14678
53 Rize 1 43 0,26144 46 0,0455 6 0,13677
77 Yalova 0 40 0,26906 33 0,05612 7 0,13432
37 Kastamonu 1 35 0,27769 75 0,02539 8 0,11903
81 Diizce 0 37 0,2715 27 0,06504 9 0,1161
74 Bartin 0 45 0,25637 45 0,04624 10 0,114
19 Corum 1 22 0,30702 38 0,05083 11 0,11237
64 Usak 1 6 0,35123 9 0,08794 12 0,11196
39 Kirklareli 1 23 0,30662 43 0,04732 13 0,11149
23 Elazig 1 41 0,26506 32 0,0573 14 0,10985
11 Bilecik 0 31 0,28968 7 0,09481 15 0,10629
14 Bolu 1 18 0,31457 31 0,05831 16 0,10386
22 Edirne 1 33 0,28547 34 0,05461 17 0,10078
28 Giresun 1 61 0,22468 5 0,10552 18 0,09982
15 Burdur 0 21 0,30772 37 0,05154 19 0,09911
5 Amasya 1 19 0,31195 57 0,0387 20 0,0968
16 Bursa 1 10 0,34299 29 0,05902 21 0,09672
57 Sinop 0 42 0,26181 48 0,04315 22 0,09578
71 Kirikkale 1 50 0,24933 36 0,05171 23 0,09576
41 Kocaeli 1 11 0,33919 18 0,07034 24 0,09467
59 Tekirdag 1 29 0,29588 13 0,08128 25 0,09374
10 Balikesir 1 4 0,35792 14 0,07487 26 0,09356
24 Erzincan 0 15 0,32338 59 0,03775 27 0,09348
12 Bingol 1 57 0,23303 47 0,04509 28 0,09254
35 [zmir 1 8 0,34387 25 0,06557 29 0,08773
79 Kilis 0 39 0,26981 64 0,03488 30 0,08645
8 Artvin 1 60 0,22598 35 0,05228 31 0,08519
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75 Ardahan 0 79 0,15626 81 0,01445 79 0,02559

21 Diyarbakir 1 77 0,17013 67 0,03411 80 0,02529

63 Sanliurfa 1 71 0,19276 55 0,03981 81 0,02027
Total 59

The table shows that the index values calculated according to the smartness, sustainability, and resilience
indicators of the provinces are different. This situation shows that each province needs to develop
different strategies for different areas. For example, although Ankara province showed a better
performance than Turkey's average by being 3rd in the SCI value, it remained very low at 70th in the
RCI value. In this case, it can be said that Ankara Metropolitan Municipality and its stakeholders need
to develop different policies and strategies to increase city resilience. The fact that two neighboring
provinces in Central Anatolia, Nevsehir and Kirsehir, are in the top two places in the resilience ranking
may also be an issue that needs to be investigated.

When the rankings made according to different index values seen in the table are examined, it can be
said that these rankings have a value or statistical significance for city municipality managers and
stakeholders.

4. RESULTS

The index results and maps of the research can help municipal administrators, other city stakeholders,
and local public institutions in cities to make better city-related decisions. Since the smartness,
sustainability, and resilience indices of cities are calculated with the help of data provided by city
institutions, municipal activity reports, and national statistical institutions, they can provide better visual
and quantitative information to the relevant city institution managers. In line with this information,
relevant city managers and stakeholders can be enabled to determine more accurate strategies, policies,
and service decisions regarding the city. The strategic plans prepared by municipalities for 5 years can
be revised. On the other hand, publishing comparable smartness, sustainability, and resilience indices
of cities can provide the city stakeholders with information about the performance of city managers and
their situation compared to other cities.

In addition, the relevant ranking results measured by ISO indicators should not be perceived as just a
general ranking list. With the help of these ranking results, cities can be compared in detail with the help
of'indicators used on an international scale, and their strengths and weaknesses in the fields of smartness,
sustainability, and resilience can be revealed on a global basis. Smarting of cities can help increase the
competitiveness of cities in the world, ensure their sustainability and resilience, maintain their economic
development, use city resources effectively and efficiently, and protect their ecological balance (Coruh,
2021, s. 185).

In addition, as the smartness, sustainability, and resilience of cities are visualized with city radar chart
maps, city managers can compare the relevant performances of their cities with other cities. For example,
the average values of Turkey given as red lines in SCRCMs can be used by city managers to determine
the smart performance of the city. If the city's SCRCM area value is larger than Turkey's area value, it
can be said that the city has a good performance in terms of smartness level, and if it is smaller, it can
be said to have a poor performance. The same comparison can also be made with each CSF. According
to this performance, municipalities and city managers can develop different policies and strategies and
make decisions in the field of digital transformation (Coruh, 2021, s. 185) or being a smart city.

It is obvious that in today's world, due to population and data growth, governors have to deal with many
technological, social, political, and ecological problems in cities. To solve these problems, there should
be more cooperation and data sharing among city stakeholders. For this purpose, by sharing the results
of this research, appropriate projects can be quickly implemented to improve low-performing areas.
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Data Science (DS) demonstrates the potential to tackle new challenges and uncover alternatives that
enable the opportunities presented by the expanding mass of digital data. Data mining and artificial
intelligence techniques allow machines to learn what to do and analytics to predict and prevent problems
before they occur. The results of such analyses can be used, for example, in estimating traffic density in
cities and in forecasting infrastructure maintenance in cities (Holanda, Adorni, & Obata, 2019).
Therefore, the data collected in the research can be examined with the help of data science techniques
or algorithms and the correlations between them can be revealed.

Solutions can be produced to eliminate differences by examining the relationships between the areas of
smartness, sustainability, and resilience of cities. For example, it can be said that Ankara's ranking 3rd
in smartness, 70th in resilience, and 17th in sustainability is an issue that needs to be investigated.
However, it should not be ignored that there are inadequacies in data collection in the formation of such
different rankings.

The most important limitation of this research was the dependence on municipalities to collect the
necessary data and the reluctance of municipalities to send the data due to the election year. On the other
hand, two earthquakes of magnitude 7.7 and 7.6, centered in Kahramanmarags and affecting 15 provinces
on February 6, 2023, prevented data collection from municipalities in these regions. No data could be
obtained from any of these 15 municipalities. In particular, most of the 89 ISO 37223 urban resilience
indicator data are not produced by municipalities and are not collected by statistical institutions.
Therefore, it can be suggested that it would be more beneficial to carry out this project through an official
institution in the coming years. For example, it may be suggested that this project be turned into a
TUBITAK or Ministry of Urbanization project.

When Table 3 is examined, it can be said that the most important result in the field of resilience is that
non-metropolitan provinces such as Nevsehir, Kirsehir, Sivas, Canakkale, Rize, Yalova, Kastamonu,
and Diizce are at the top levels. This may be an important issue that needs to be investigated in
determining the smartening, sustainability, and resilience policies and strategies of cities. It may be
considered normal that metropolitan cities such as Istanbul, Ankara, Izmir, Bursa, and Konya are at the
top, but explaining the reasons why small provinces are at the top in terms of population can provide
important data to city municipal managers. In addition, the fact that Canakkale province is at the top of
the three index rankings (17th in SCI, 2nd in SUCI, and 5th in RSI) can be noted as an important result.
The fact that all metropolitan cities except Istanbul are at the bottom of the RCI rankings may be an
important warning for city and country governors. The fact that the eastern and southeastern provinces
are at the bottom of all three rankings may be important in terms of considering the imbalance between
regions.

The results of this research could not be compared with the results of another research because no other
data-based research was found in Turkey regarding SCI, SUCI, and RCI, which were calculated with
the ISO indicators of the cities in 81 provincial centers. When the SCI ranking of this research is visually
compared with the results of the "Smart Cities Maturity Assessment Model
(https://sehirendeksi.gov.tr/endekspublic/)" prepared within the scope of the "2020-2023 National Smart
Cities Strategy and Action Plan" carried out by the Ministry of Urbanization in Istanbul, Ankara and
Sakarya can be said that they have approximate ranking values (Sehirendeksi.gov.tr, 2024). However,
the fact that many provinces such as Konya, Kayseri, Izmir, and Kiitahya, which are at the top of the
Maturity Index rankings, are ranked lower in the ISO SCI rankings may reveal the difference in the
indicators that make up these two index rankings or the difference in data collection. Therefore, making
ISO indexes through the Ministry of Urbanization can help determine more consistent international city
index values of cities.

As a result, it should not be forgotten that the SCI, SUCI, and RCI values measured by ISO standards
are not just a technical issue, but technological, social, economic, and administrative transformation
developed to enable institutions, cities, and countries to provide comparable services to their citizens on
a global basis.
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Afet yonetimi, dogal afetler, insan kaynakli olaylar veya teknolojik kazalar gibi beklenmedik
durumlarla basa ¢ikma siirecini planlamayi, koordine etmeyi ve uygulamayi igeren bir
disiplindir. Son yillarda kiiresel ¢apta meydana gelen dogal afetler, afet yonetimi konusunu
diinya genelinde bir 6ncelik haline getirmistir. Bu baglamda, Tiirkiye'de afet yonetimi {izerine
diizenlenen yonetmeliklerin incelenmesi ve analiz edilmesi 6nem kazanmistir. Bu ¢alismada,
Yiiksekogretim Kurumu Ulusal Tez Merkezi veri tabaninda yer alan afet yonetimi konulu
2000-2023  yillar1 arasinda yapilan lisansiisti  tezlerin  bibliyometrik  analizi
gergeklestirilmistir. Analiz sonucunda, 2018-2023 doneminde yapilan galigmalarda goreli bir
artig oldugu ve tezlerin ¢ogunlukla yiiksek lisans diizeyinde yogunlastigini gostermektedir.
Ayrica, tezlerin devlet {iniversitelerinde, sosyal bilimler enstitiisiinde, isletme anabilim
dalinda ve kamu yonetimi konusunda daha etkin olduklar1 gézlemlenmistir. Bu ¢aligma,
Tiirkiye'deki afet yonetimi konusundaki akademik g¢aligmalarin genel egilimlerini ve odak
noktalarint anlamamiza katki saglamaktadir.

Abstract

Disaster management is a discipline that involves planning, coordinating, and implementing
processes to cope with unexpected situations such as natural disasters, human-made incidents,
or technological accidents. In recent years, global occurrences of natural disasters have
elevated disaster management to a worldwide priority. In this context, the examination and
analysis of regulations related to disaster management in Turkey have gained importance. In
this study, bibliometric analysis of postgraduate theses on disaster management between the
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years 2000-2023 in the National Thesis Center database of the Council of Higher Education
was carried out. The analysis shows that there was a relative increase in the studies conducted
in the 2018-2023 period and that the theses were mostly concentrated at the master's level.
Additionally, it is observed that these theses are more prevalent in state universities,
particularly within the social sciences institute, the business administration department, and
with a focus on public administration. This study contributes to understanding the general
trends and focal points of academic research on disaster management in Turkey.

1. GIiRiS/INTRODUCTION

Afetler fiziksel, sosyal ve ekonomik sorunlar ortaya ¢ikaran beklenmeyen ve kaginilmaz doga olaylaridir
(Giiven vd., 2023). Afet yonetimi, afetlerin etkilerini azaltmay1 amaglayan ¢ok disiplinli ve dinamik bir
stirectir. Bu siire¢, afet Oncesinde zarar azaltma ve hazirlik, afet aninda miidahale, afet sonrasinda
iyilestirme ve geri kazanim icin gerekli kaynaklarin ve faaliyetlerin organizasyonunu ve yonetimini
kapsar. Basarili bir afet yonetimi i¢in bahsi gecen biitiin asamalarin asamanin biitlinlesik olarak
yuriitiilmesi gerekmektedir (Giiven ve Eren, 2023). Afet yonetiminde iki temel yaklagim bulunmaktadir.
Bunlar yalnizca afete miidahale eylemlerini kapsayan “geleneksel afet yonetimi” ile afet dncesi, afet
sirast ve sonrasindaki tiim siirecleri i¢ine alan “modern afet yonetimi” yaklagimlaridir. Modern afet
yonetimi temel alinarak ii¢ ana afet yonetimi modeli gelistirilmistir (Fuat, 2022).

Afet Oncesinde, toplumun potansiyel olaylardan en az zararla ve minimum fiziksel kayipla
kurtulabilmesi i¢in teknik, idari ve yasal dnlemler alinmalidir. Miimkiinse olaylarin énlenmesi, aksi
durumda ise kurtarma, ilk yardim ve iyilestirme c¢aligmalarinin hizli, etkili ve zamaninda
gerceklestirilmesi gerekmektedir. Ayrica, afet zararlarini azaltma caligmalarini kalkinmanin her
asamasina entegre etmek, mevcut riskin artmasini 6nlemek ve siirdiiriilebilir bir kalkinma saglamak
hedeflenir. Afet dncesinde, toplumu afetlere karsi bilgilendirmek ve zarar azaltma kiiltiiriinii gelistirmek
amaciyla egitim programlar1 uygulanir (Erkal ve Degerliyurt, 2009). Afet sirasinda ise haber alma ve
ulasim olanaklarini yeniden saglamak, arama-kurtarma ve ilk yardim ¢aligmalarini baglatmak, bosaltma
ve tahliye islemlerini yonetmek, gecici iskdn alanlar1 olusturarak temel ihtiyaglarin karsilanmasin
saglamak, gilivenlik Onlemlerini almak, c¢evre sagligina dikkat etmek, hasar tespiti calismalarini
baslatmak ve ikincil afetleri onlemek, temel afet yonetimi adimlarini olusturur (Erkal ve Degerliyurt,
2009).

Afet yonetimi evreleri, 6nceden planlama ve hazirlik adimlariyla baslayarak, afet anindaki zararlari
azaltmay1 hedefleyen bir dizi 6nleme, miidahale ve iyilestirme asamalarmi igerir. Ik evre olan "Zarar
Azaltma" kapsaminda, afet aninda uygulanacak yasal diizenlemelerin gézden gecirilmesi, yapt ve
deprem yonetmeliklerinin revize edilmesi, afet tehlikesi ve riskinin belirlenip haritalarin olusturulmasi
gibi faaliyetlerle afetin olas1 etkileri en aza indirgenmeye calisilir. Ayrica, zarar azaltma ilkesi
kalkinmanin her asamasina entegre edilir. "Onceden Hazirlik" evresinde, afet ydnetimi planlarinimn
olusturulmast ve gelistirilmesi, il diizeyinde kurtarma ve acil yardim planlarinin hazirlanmasi,
personelin egitimi ve tatbikatlarla bilgi diizeyinin artirilmasi, malzeme merkezlerinin kurulmasi ve kritik
malzemelerin depolanmasi gibi ana faaliyetler gerceklestirilir. Bu evre, afetlere karsi toplumun ve
kurumlarin etkin bir sekilde hazirlanmasini saglar. "Kurtarma ve ilk Yardim" asamasinda, afet sirasinda
etkili bir miidahale i¢in haber alma, ulagim, arama-kurtarma faaliyetleri, ilkyardim, tedavi, tahliye,
gecici iskan, temel ihtiyaclarin temini gibi 6nemli ¢aligsmalar gergeklestirilir. Bu evre ayni zamanda
ikincil afetlerin 6nlenmesine odaklanir. "lyilestirme" evresi, afete maruz kalan topluluklarin temel
ihtiyaglarini kargilamak i¢in haberlesme, iskéan, ulagim, altyapi, egitim, ekonomik ve sosyal faaliyetlerin
iyilestirilmesine odaklanir. Son olarak, "Yeniden Ingaat" evresi, afetten etkilenen veya zarar goren tiim
alanlarda faaliyet gosteren kuruluslarin, afet dncesindeki diizeyden daha ileri bir diizeyde hizmet
sunabilmesi i¢in gerekli insaat ve iyilestirme faaliyetlerini i¢erir. Bu evrede AFAD biinyesindeki kurulus
ve hizmet birimleri, planlama ve uygulama siireclerini yoneterek toplumun afet sonrasi normale doniis
stirecini destekler (Kemaloglu, 2015).
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2.BIBLIYOMETRIK ANALiZ/ BIBLIOMETRIC ANALYSIS

Bibliyometrik analiz, herhangi bir arastirma alanindaki ¢alismalar, yazarlar, anahtar kelimeler, dergiler,
kurumlar ve iilkeler gibi ¢esitli bilimsel unsurlarin dlgiilebilir ¢iktilarinin incelenmesini saglayan énemli
bir aractir. Bu analiz, bilimsel bilginin entelektiiel, sosyal ve kavramsal yapisinin zaman i¢indeki
gelisimini anlamak amaciyla kullanilmaktadir. Aria ve Cuccurullo'nun belirttigi gibi, bibliyometrik
analiz, arastirmacilara ve bilimsel politika yapicilara bir alanmn gelisimi ve yapis1 hakkinda etkili bir
anlama ve karar verme cercevesi sunmaktadir (Oztiirk ve Giirler, 2021).

Bibliyometrik analizin temel hedefi, belirli bir bilimsel alandaki literatiirii tanimlamak, degerlendirmek
ve anlamaktir. Bu yontem, sayisal analizler ve istatistikler kullanilarak belirli bir alan veya akademik
dergideki yayinlarin gesitli bibliyometrik gostergeler iizerinden incelenmesini igerir. Bibliyometrik
analiz, makale sayisi, ¢caligma konulari, iniversitelerin katilimi, dergilerin etkisi, en ¢ok caligsmaya sahip
yazarlar, atif sayilar1 ve kullanilan anahtar kelimeler gibi faktorleri kullanarak sayisal analizler yapmay1
ve bu verileri degerlendirmeyi amaglamaktadir (Oztiirk ve Giirler 2021).

Bibliyometrik analiz, herhangi bir arastirma alaninin veya disiplinin entelektiiel yapisini, gelisimini ve
igsel iligkilerini haritalamak i¢in kullanilan bir yontemdir. Bu analiz sayesinde, arastirma alanindaki
temel yapilari anlamak, 6ne ¢ikan arastirma kiimelerini belirlemek ve anahtar kavramlar arasindaki
iliskileri gézlemlemek miimkiindiir. Bu nedenle, bibliyometrik analiz, biiyiik bir resme ulagmak, alanin
dinamiklerini anlamak ve gelecekteki arastirmalara yon vermek i¢in énemli bir arastirma yontemidir
(Oztiirk ve Giirler 2021). Analizin sonuglarina gore, belirli bir zaman araliginda afet yonetimi
konusunda yapilan yaynlarin artis veya azalis egilimleri belirlenebilir. Ayrica, hangi disiplinlerin,
kurumlarin veya iilkelerin bu alanda daha etkin oldugu anlasilabilir. Atif analizleri, en etkili ve 6ne ¢ikan
caligmalar1 tanimlayarak, arastirmacilara gelecekteki ¢alismalarinda rehberlik edebilir.

Erturgut ve Yilmaz (2020), Web of Science (WOS) ve Scopus veri tabanindan alinan afet ve insani
yardim lojistigi alaninda 2004-2019 yillar1 arasinda yapilmis 854 makaleyi ele alan bir bibliyometrik
analiz gerceklestirmislerdir. Caligma yil sinirlamast olmasi ve incelenen veri tabani kapsaminda mevcut
caligmadan farklilik gostermektedir. Ayrica ¢aligma boliim ve atiflar noktasina yogunlagsmistir. Bulgular
noktasinda da mevcut ¢alismadan farklilik gostermektedir.

Bal ve Yilmaz (2024), 2012-2023 yillar1 arasinda “Web of Science ve Google Akademik™ veri
tabanlarinda taranmis dogal afet krizlerinde sosyal medyanin rolii iizerine yapilmis makaleler lizerine
bibliyometrik analiz gergeklestirmislerdir. Bu ¢alismada yillara gére dagilim, anahtar kelimeler, yontem
tiirleri, dergiler ve yazarlar degerlendirmeye alimmistir. Caligmada makalelerin degerlendirilmesi bu
bibliyometrik analiz ile bulgular noktasinda farkliliklar1 ortaya ¢ikarmistir.

Oztiirk (2024), WOS veri tabaninda yer alan 2004-2023 yillar1 arasinda afet direngliligi konusunda
yapilan makaleler icin bibliyometrik analiz gergeklestirmistir. Oztiirk ve Demir (2023), WOS veri tabani
kapsaminda afet yonetiminde medyanin roliine yonelik bibliyometrik bir analiz yapmislardir. Her iki
bibliyometrik analiz ¢alismasinda da VOSviewer programimin kullanilmasi ve bulgular konusunda
mevcut ¢aligmadan farklilik gostermektedir.

Sarthan (2024), bibliyometrik analiz yontemiyle Tiirkiye'de afet iletisimiyle ilgili yapilan ve ULAKBIM
ile YOKTEZ veri tabanlarinda yer alan ¢alismalari degerlendirmistir. Iki veri tabani olmasina ragmen
afet iletisimi konusun ele alinmasi sinirli bir ¢ergeve olup 20 calismayi incelemistir. Bulgular konusunda
da mevcut ¢alisma ile farklilik bulunmaktadir.

Yerli (2023), YOKTEZ’de yer alan afet konulu lisansiistii tezleri inceleyen bir bibliyometrik analiz
gerceklestirmistir. Caligmada ele alinan bulgular da mevcut calismaya benzerlik gostermektedir.
Anahtar kelime olarak yakinlik gosteriyor olsa da bu caligmadan farki sosyal bilimler alani ile
kisitlanmig olmasidir. Bu bibliyometrik analizde herhangi bir alan kisitlamasi yapilmadan afet yonetimi
konulu lisansiistii tezler degerlendirilmistir.
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Yanilmaz ve Tavsan (2023), afet atik yonetimine iliskin uluslararasi yazini inceleyen bir bibliyometrik
analiz gergeklestirmiglerdir. Calismada Web of Science veri tabaninda yer alan yaymlar incelenmistir.
Ayrica bibliyometrik analizde VOSviewer programindan yararlanilmigtir. Bu durumda mevcut
caligmadan veri taban1 ve bulgular noktasinda ayrismaktadir.

Topgu ve Ataoglu (2023), tarafindan gergeklestirilen bibliyometrik analiz YOKTEZ’ de yer alan afet
yonetimi konulu lisansiistii tezleri kapsamaktadir. Ancak bu caligmadan farki degerlendirilen bulgu
kategorileridir. Topgu ve Ataoglu (2023), gerceklestirdikleri ¢aligmada yil, tez tiirii, danigman unvant,
bilim dali, tiniversite ve anahtar kelimeler bagliklar1 altinda degerlendirme yapmislardir.

Sanli vd. (2024), gilinlimiizde rekabetin arttig1 isletmelerde, dijital doniisiim altyap1 ¢aligmalari 6nem
kazanmis ve verilerin korunmasinda 6nemli bir rolii olan sibar giivenlik konusunda bibliyometrik analiz
gergeklestirmiglerdir. Giliven ve Eren (2024), endistriyel kazalar konulu lisansiistii tezlerin
bibliyometrik analizini gerceklestirmistir. Aksungur vd. (2024), insansiz hava araclari konusunda
bibliyometrik analiz gerceklestirmislerdir. Bu bibliyometrik analizler YOKTEZ veri tabaninda yer alan
lisansiistii tezleri incelemesi ve ele almman bulgular kapsaminda mevcut g¢alismaya benzerlik
gostermektedir.

Farkli bir¢cok alanda bibliyometrik analizler gergeklestirilmistir. Ancak incelenen c¢alismalar
kapsaminda afet yonetimi konusunda konu, sektdr, afet vb. herhangi bir kisitlama yapilmadan
gergeklestirilmis bir bibliyometrik analize rastlanmamistir. Calismanin bu yoniiyle 6zgiin olup literatiire
katki saglayacagi diigiiniilmektedir. Afet yonetimi konusunda yapilacak her ¢aligmanin risk azaltmaya
yardimcr olacagi diisiiniilmektedir. Bu kapsamda afet yonetimi konusundaki akademik literatiirdeki
bosluklar1 ve gelecekteki aragtirmalar i¢in potansiyel alanlar1 belirleyerek, bu alanda bilimsel katkilar
tesvik etmeye yonelik stratejiler gelistirmek hedeflenmektedir.

3. DENEYSEL METOT / EXPERIMENTAL METHOD

Bu c¢aligmada, farkli bir¢ok konunun degerlendirilmesinde kullanilan bibliyometrik analiz yontemi
kullanilmistir. Lisansiistii tezler lisansiistii egitiminde 6grenim goren &grenciler tarafindan ortaya
cikarilan {irtinlerdir. Birgok alanda farkli aragtirmalar i¢eren tezler mevcuttur. konunun derinligi ve
yayginlig1 hakkinda bilgi edinmek, incelenen alanda genel bir goriiniim ortaya ¢ikarmak igin lisanstistii
tezler analiz edilmektedir (Karadag, 2009).

Gergeklestirilen bibliyometrik analiz kapsaminda YOKTEZ veri tabaninda yer alan afet ydnetimi
konulu lisansiistii tezler ele alinmigtir. 1 Ocak 2024 tarihinde gerceklestirilen tarama sirasinda anahtar
terim olarak “afet yonetimi” ve arama alani olarak da “tez adi” alinmistir. Sonugta 153 adet teze
ulasilmistir. Tezler yil, tiir, tiniversite tiirii, enstitii, konu, anabilim dali ve aragtirma yontemi kapsaminda
degerlendirilmistir. Calismada asagida yer alan sorulara cevap aranmistir.

e Afet yonetimi konulu lisansiistii tezlerin yillara gére dagilimi nasildir?

e Bibliyometrik analiz kapsaminda degerlendirilen lisansiistii tezlerin tiirlerine goére dagilimi
nasildir?

e Afet yonetimi yazinina en fazla katki saglayan {iniversiteler hangileridir?

e Afet yonetimi yazinina katki saglayan tliniversitelerin tiir dagilimi nasildir?

e Degerlendirilen afet yonetimi konulu lisansiistii tezlerin enstitiilere gore dagilimi nasil
gerceklesmigtir?

e Afet yonetimi konulu lisansiistii tezler hangi ana bilim dallar1 ve konularda yazilmigtir?

e Afet yonetimi alaninda ulusal yazinda yapilan tezlerin ¢alisma yoOntemleri nitel ve nicel
kapsamda degerlendirildiginde nasil dagilmaktadir?

e Afet yonetimi konulu lisansiistii tezlerde hangi anahtar kelimeler tercih edilmistir?
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4. ARASTIRMA BULGULARI VE TARTISMA / THE RESEARCH FINDINGS AND
DISCUSSION

4.1 Yillara Gore Dagilim/Distribution According to Years
Analiz edilen tezlerin yillara gore dagilimi Sekil 1°de verilmigtir.
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Sekil 1. Yillara Gére Afet Yonetimi Hakkinda Yazilan Lisansiistii Tezler
Figure 1. Postgraduate Theses Written on Disaster Management by Years
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Sekil 1, afet yonetimi hakkinda yazilan tezlerin yillara gore sayisal dagilimini igeren bir siitun grafigini
gostermektedir. Grafigi inceledigimizde, yillara gore dalgalanmalar oldugu, ancak 2017 yilindan
itibaren biiyiik bir artis yasandigi ve bu artisin 2018-2023 yillar1 arasinda devam ettigi goriilmektedir.
Tabloya baktigimizda, 2002 yilinda bu konuda hi¢ tez yazilmadigi, ancak 2003 yilinda bu sayida biiyiik
bir artis oldugu gozlemlenmektedir En fazla tez sayisinin %11 ile 2019 ve 2023 yillarinda oldugu
goriilmektedir.

4.2 Tez Tiirlerine Gore Dagilim/Distribution According to Thesis Types
Analiz edilen tez tiirlerinin dagilimi Sekil 2°de sunulmustur.
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Sekil 2.Tez Tiirlerine Gore Dagilim
Figure 2. Distribution According to Thesis Types
Sekil 2’de tez tiirlerinin hangi alanlarda oldugunun dagilimi verilmistir. Tabloya bakildiginda, toplam
tezlerin %79"unun yiiksek lisans diizeyinde oldugu tespit edilmistir. %20'si doktora diizeyinde, yaklagik
%!1'1 ise tipta uzmanlik diizeyindedir.

4.3. Universitelere Gére Dagilim/ Distribution According to Universities
Analiz edilen tezlerin iiniversitelere gére dagilimi Sekil 3°te verilmistir.
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Tezlerin %10'unun Canakkale Onsekiz Mart Universitesi'ne, %8'inin Izmir Dokuz Eyliil Universitesi'ne
ve %7'sinin Istanbul Teknik Universitesi'ne ait oldugu goriilmektedir.

4.4. Universite Tiirlerine Gore Dagilim/Distribution According to University Types
Analiz edilen tezlerin tiniversite tiirlerinin dagilimi Sekil 4’te verilmistir.
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Sekil 4. Universite Tiirlerine Gore Dagilim
Figure 4. Distribution According to University Type

Sekil 4’te Afet yonetimi konusunda yazilan tezlerin hangi tiir Giniversitelere ait oldugunun sayisal
dagilimi verilmigtir. Tezlerin %90"nin devlet tiniversitelerine, %10'unun ise 6zel iiniversitelere ait

oldugu tespit edilmistir.

4.5 Enstitiilere Gore Dagihm/Distribution by Institutes
Analiz edilen lisansiistii tezlerin enstitiilere gore dagilimi Sekil 5'te verilmistir.
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Sekil 5. Ensitiitiilere Gore Dagilim
Figure 5. Distribution According to Institutes

Sekil 5’te afet yonetimi hakkinda yazilan tezlerin hangi enstitiiler tarafindan yazildiginin sayisal

dagilimi verilmistir. Bu tablo incelendiginde, afet yonetimi konusundaki tezlerin en fazla sosyal bilimler
enstitiisiine, en az ise bilisim enstitiisiine ait oldugu goriilmektedir. Tezlerin %48’inin sosyal bilimler

229



Afet Yonetimi Konulu Lisansiistii Tezlerin Bibliyometrik Analizi
Bibliometric Analysis of Graduate Thesis on Disaster Management

enstitiistine ait oldugunu, %30’unun fen bilimlerine, %16’smin lisansiistii egitime, %5’inin saglik
bilimlerine %1 in ise bilisim enstitiisiine ait oldugunu tespit edilmistir.

4.6. Anabilim Dallarina Gére Dagilhim/ Distribution According to Departments
Analiz edilen tezlerin hangi {iniversitelere ait oldugunun dagilimi Sekil 6’da verilmistir.
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Sekil 6. Anabilim Dallarina Gore Dagilim
Figure 6. Distribution According to Departments

Sekil 6°da afet yonetimi hakkinda yazilan tezlerin hangi anabilim dallarina ait oldugunun sayisal
dagilimi verilmistir. Bu grafigi inceledigimizde, en ¢ok yazilan tezin afet yonetimi anabilim dalina ait
oldugunu goriiyoruz. Bunu sirasiyla isletme, kamu yonetimi, siyaset bilimi ve kamu yonetimi, ardindan
ise sehir ve bolge planlama anabilim dallar takip etmektedir. Tezlerin %18'inin afet ydnetimi anabilim
dalina, %9'unun isletme, %8'inin kamu yonetimi ve %8'inin de siyaset ve kamu yonetimi anabilim dalina
ait oldugu goézlemlenmistir.

4.7. Konuya gore Dagilim/Distribution According to Subject
Analiz edilen tezlerin hangi konulara ait oldugunun dagilimi Sekil 7°de verilmistir.
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Figure 7. Distribution According to Subject

Sekil 7°de afet yonetimi hakkinda yazilan tezlerin hangi konuya ait olduklarinin sayisal dagilim grafigi
verilmigtir. Tabloyu inceledigimizde, tezlerin %37'sinin kamu y&netimi, %16'sinin endiistri
mihendisligi, %6'sinin jeodezi ve fotogrametri, %5'inin ise isletme konularma ait oldugu
gbzlemlenmistir. En ¢ok tez kamu yonetimi ve endistri mithendisligi tarafindan yazilmigken en az tez
ise sosyal bilimler, ilk ve acil yardim, sosyoloji, halk bilimi ve bilim ve teknoloji konusunda yazilmistir.

4.8.Yonteme Gore Dagilim/Distribution According to Method
Analiz edilen tezlerin hangi yontemlere gore yazildiginin dagilimi Sekil 8’de verilmistir.

Nitel

- _

0 10 20 30 40 50 60 70 80 920

Sekil 8. Yontemlere Gore Dagilim
Figure 8. Distribution According to Methods

Sekil 8’de afet yonetimi hakkinda yazilan tezlerin yontemlerinin dagilim grafigi verilmistir. Grafige
bakildiginda, tezlerin %57'sinin nicel yonteme, %43"iniin ise nitel yonteme bagvurdugu goriilmektedir.
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4.9. Lisansiistii Tezlerde Kullanilan Anahtar Kelimeler/Keywords Used in Postgraduate Theses
Analiz edilen tezlerde yogun olarak kullanilan anahtar kelimeleri gosteren kelime bulutu Sekil 9'da
gosterilmistir.
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Sekil 9. Anahtar Kelime Bulutu
Figure 9. Keyword Cloud

Sekil 9°da afet yonetimi hakkinda yazilan tezlerde en ¢ok kullanilan anahtar kelimeleri analiz eden bir
kelime bulutu olusturulmustur. Bu kelime bulutuna bakildiginda, en ¢ok kullanilan anahtar kelimelerin
Afet, Afet yonetimi, Risk, Acil, Sel, Deprem ve AFAD oldugu goriilmektedir.

5. SONUC VE TARTISMA/ RESULTS

Gergeklestirilen bibliyometrik analizde, “Afet Yonetimi” konusu kapsaminda yazilan 153 tez
incelenmistir. Tez sayisindaki belirgin artis, 2018 yilindan itibaren dikkat ¢cekmektedir. Bu durum son
donemlerde karsilagilan afetler ile birlikte afet yonetimi konusundaki akademik ¢aligmalarin da arttigini
gostermektedir.

Afet konusunda makaleleri iceren bam bibliyometrik analizler mevcuttur Erturgut ve Yilmaz (2020),
2019 yillar1 arasinda yapilmig 854 makaleyi ele alan bir bibliyometrik analiz gergeklestirmislerdir.
Oztiirk (2024), WOS veri tabaninda yer alan 2004-2023 yillar1 arasinda afet direngliligi konusunda
yapilan makaleler icin bibliyometrik analiz gergeklestirmistir. Oztiirk ve Demir (2023), WOS veri tabani
kapsaminda afet yonetiminde medyanin roliine yodnelik bibliyometrik bir analiz yapmuslardir.
Makalelerin yani sira lisansiistii tezleri kapsayan bibliyometrik analizler de bulunmaktadir. Sarithan
(2024), bibliyometrik analiz yontemiyle Tiirkiye'de afet iletisimiyle ilgili yapilan ve ULAKBIM ile
YOKTEZ veri tabanlarinda yer alan ¢alismalar1 degerlendirmistir. Yerli (2023), YOKTEZ de yer alan
afet konulu lisansiistli tezleri inceleyen bir bibliyometrik analiz gergeklestirmistir. Anahtar kelime
olarak yakinlik gosteriyor olsa da bu ¢alismadan farki sosyal bilimler alani ile kisitlanmis olmasidir. Bu
bibliyometrik analizde herhangi bir alan kisitlamasi yapilmadan afet yonetimi konulu lisansiistii tezler
degerlendirilmistir. Calismaya benzerlik gosterebilecek bir diger ¢alisma ise Topgu ve Ataoglu (2023),
tarafindan gerceklestirilen bibliyometrik analizdir. Ilgili calisma YOKTEZ de yer alan afet yonetimi
konulu lisansiistii tezleri kapsamaktadir. Ancak bu calismadan farki degerlendirilen bulgu
kategorileridir. Topgu ve Ataoglu (2023), gergeklestirdikleri calismada yil, tez tiiri, danigman unvant,
bilim dal1, {iniversite ve anahtar kelimeler basliklar1 altinda degerlendirme yapmislardir. Bu ¢alismada
ise Topgu ve Ataoglu (2023), calismasina ek olarak tiniversite tiirii, ana bilim dallar1, konu ve yontemler
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de degerlendirmeye tabi tutulmustur. Incelenen c¢alismalar kapsaminda benzer bir calismaya
rastlanmamustir.

Elde edilen verilere gore, yazilan tezlerin ¢ogunlugu yiiksek lisans diizeyindedir. Bu durum yiiksek
lisans egitim siiresinin doktora egitim siiresine gore daha kisa olmasiyla iliskilendirilebilir. Ayrica
doktora siirecinin yiiksek lisans egitiminin tamamlanmasiyla basliyor olmasi da énemli bir etkendir.
Lisansiistii tezlerin yaklagik %90°1 devlet iiniversitelerinde yazilmistir. Devlet {iniversitelerinin sayisi
ve bu liniversitelerde 6grenim goren 6grenci sayilarinin fazlaligi bu durumu agiklayabilir. Ayrica son
donemde yasanan dogal afetler sebebi ile devlet tarafindan alinan Onlemlerin akademisyenleri bu
konuda ¢aligmaya motive ettigi diisiiniilmektedir.

Bibliyometrik analiz kapsaminda afet yonetimi konusunda gerceklestirilen lisansiistii tezlerin 2018
yilindan itibaren fark edilir bir artis yasandig1 gdzlemlenmektedir. Bu durum Tiirkiye’de ger¢eklesen ve
onemli hasarlara neden olan dogal afet sayilarinin artmast ile iligkilendirilebilir. Afet yonetimi yazinina
en fazla katki saglayan iiniversiteler Canakkale Onsekiz Mart Universitesi, Izmir Dokuz Eyliil
Universitesi ve Istanbul Teknik Universitesi olmustur. Universiteler incelendiinde geg¢miste afet
yagsamis ve yasama ihtimali yiiksek olan sehirlerde yer alan {iniversitelerde afet yonetimi konusunda
aktif olarak ¢alismalarin yapildig tespit edilmistir.

Afet yonetimi yazin1 konusunda en fazla ¢aligma gerceklestiren anabilim dali “afet yonetimi” olurken
en fazla galigma ortaya cikarilan konu “kamu yonetimi” olmustur. Dolayisiyla %48’lik bir oran ile
sosyal bilimler enstitiisli afet yonetimi konusunda en fazla lisansiistii tezin yazildig1 enstitii olmustur.
Ancak genel tabloya bakildiginda afet yonetimi konusunun artik multidisipliner bir konu oldugu
sOylenebilir. Bu dogrultuda farkli her bilim dalinda ¢alisilmasi afetin her yoniiyle ele alinabilmesi
anlamina gelecektir.

Analiz edilen ¢caligmalar kapsaminda lisansiistii tezlerde yontem olarak nicel ve nitel yontemler birbirine
yakin oranlarda tercih edilmistir. Bu durum konunun multidisipliner olmasi ve her alana hitap etmesi ile
yorumlanabilir. Nitel olarak afet yonetimi hakkinda genel bilgiler veren literatiir bilgisi veren ¢aligmalar
bulunmaktadir. Nicel anlamda ise veri analizlerinin yapilig1 istatistiksel yontemlerin ve miihendislik
yontemlerinin kullanildig1 ¢alismalarin oldugu gézlemlenmistir.

Sonug olarak, elde edilen bulgular, Afet Yonetimi konusunun akademik diizeyde onemli bir ilgi
gordiigiinii ve bu alandaki bilimsel ¢alismalarin g¢esitlenerek arttigim gostermektedir. Bu artig, iklim
degisikligi, dogal afetlerin sikligindaki artig ve sehirlesme gibi faktorlerin etkisiyle agiklanabilir. Ayrica,
2020 yilinda yasanan COVID-19 pandemisi, saglik krizleri ve dogal afetler bu konuya olan ilginin
artmasina yol agmistir. Bu veriler, gelecekteki afet yonetimi stratejilerinin gelistirilmesinde ve toplumsal
hazirlik siireclerinin iyilestirilmesinde rehberlik edecegi diisiiniilmektedir. Ayrica gelecekte yazilacak
olan lisansiistii tezlere konu se¢iminde yol gosterici olabilmek i¢in mevcut durum ortaya konulmustur.

Gelecek calismalarda lisansiistii tezlere ek olarak ulusal ve uluslararasi makaleler kapsaminda ¢aligsmalar
yapilabilir. Farkli veri tabanlarinda yer alan akademik ¢aligmalar dahil edilerek ¢alisma genisletilebilir.
Arama terimleri farklilagtirilarak benzer ¢aligmalar gergeklestirilebilir.

KAYNAKLAR / REFERENCES

Aksungur, B. N., Sever, H., Giiven, E., Eren, T. (2024). Insansiz Hava Araglar1 Konulu Lisansiistii
Tezlerin Bibliyometrik Analizi. Tiirkiye Insansiz Hava Araglari Dergisi, 6(1), 21-29.
https://doi.org/10.51534/tiha.1478605

Bal, F., Yilmaz, E. S. (2024). Dogal afet krizlerinde sosyal medyanin rolii lizerine yapilmis ¢aligmalarin
bibliyometrik analizi. Afet ve Risk Dergisi, 7(1), 128-138.

Erkal, T., Degerliyurt, M., 2009. Tiirkiye’de afet yonetimi. Dogu Cografya Dergisi, 14(22), 147-164.

bibliyometrik analizi. Pamukkale Universitesi Sosyal Bilimler Enstitiisii Dergisi, (40), 105-123.

233


https://doi.org/10.51534/tiha.1478605

Afet Yonetimi Konulu Lisansiistii Tezlerin Bibliyometrik Analizi
Bibliometric Analysis of Graduate Thesis on Disaster Management

Giiven, E., Eren, T., 2023. il Afet Risk Azaltma Plan1 Cercevesinde Analitik Ag Prosesi Yontemi ile
Kriter Agirliklandirma: Kirikkale Ili I¢in Bir Ornek. Afet ve Risk Dergisi, 6(2), 401-414.

Giiven, E., Eren, T. (2024). Endiistriyel Kaza Aragtirmalarina Yo6nelik Bibliyometrik inceleme: Tezler
tizerine bir ¢alisma”, kisgd, vol. 8, no. 2, pp. 85-93, 2024, doi: 10.33720/kisgd.1426403

Given, E., Piarbasi, M., Alakas, H. M., Eren, T., 2023. Dogal afetlerin tetikledigi teknolojik kazalarin
risk azaltma kriterlerinin  ANP yontemiyle agirliklandirilmasi. Disaster Science and
Engineering, 9(1), 34-42.

Kagmaz, G., Ozeren Alkan, M., Cobankaya, H., Sen, D. (2023). Assessment of ecosystem services
provided by street trees: Burdur (Tirkiye) city center. Journal of Agriculture Faculty of Ege
University, 60(2), 221-234. https://doi.org/10.20289/zfdergi. 1226241

Karadag, E., 2009. “Egitim bilimleri alaninda yapilmis doktora tezlerinin tematik agidan incelemesi”,
Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi, 10(3), 75-87.

Kemaloglu, M., 2015. Tiirkiye’de afet yonetiminin tarihi ve yasal gelisimi. Akademik Bakis Dergisi,
52, 126-147.

Oktay F., 2022. Afet yonetimi. Sosyal Bilimler Ansiklopedisi,16

Oztiirk, G. (2024). Afet direngliligi konusunda yapilan calismalarin bibliyometrik analizi. Yénetim
Bilimleri Dergisi, 22(52), 742-757

Oztiirk, M., Demir, Y. (2023). Bilgilendirme ve kaos arasinda: Afet ydnetiminde medyanin roliine
yonelik bibliyometrik bir analiz. Trt Akademi, 8(18), 506-527

Oztiirk, O., Giirler, G., 2021. Bir literatiir incelemesi araci olarak bibliyometrik analiz. Ankara: Nobel
Yayinevi.

Sanli, Y. B., Baltacy, F., Giiven, E., Eren, T. (2024). Siber Giivenlik Calismalar1 Uzerine Bibliyometrik
Analiz. Bilisim Teknolojileri Dergisi, 17(3), 223-229. https://doi.org/10.17671/gazibtd. 1473206

Sarthan, Z. (2024). Tiirkiye’de “afet iletisimi” temali caligmalarin bibliyometrik analizi. Urban 21
Journal, 2(1), 10-23

Topgu, T., Ataoglu, A. (2023). Tiirkiye’de afet yonetimi ile ilgili yapilmis olan lisansiistii tezlerin
bibliyometrik analizi. Afet ve Risk Dergisi, 6(4), 1388-1400.

Yanilmaz, Z., Tavsan, F. (2023). Afet atik yonetimine iliskin uluslararasi yazinin bibliyometrik analizi.
Journal of Architectural Sciences & Applications (JASA), 8(Special Issue), 585-603

Yerli, G. D. (2023). Sosyal bilimler alaninda afet konulu lisansiistii ¢alismalarin bibliyometrik ve
tematik analizi. Afet ve Risk Dergisi, 6(3), 961-976.

234


https://doi.org/10.17671/gazibtd.1473206

Aragtirma Makalesi / Research Article

ESTU R 8(2), 2024, sy(235-248) DOI: 00.12345/resilience.1466863

RESILIENCE
e-ISSN: 2602-4667

Eskisehir Teknik Universitesi
Resilience

.

)
%
*?’/o

https://dergipark.org.tr/tr/pub/resilience - ’%Np{f&\?\\f"'

Deniz Seviyesi Yiikselmesi ve Asir1 Yagis Tehditlerine Karsi Mekansal
Kirilganhk Degerlendirmesi: Kiiciik Menderes Alt Havzalari*

Spatial Vulnerability Assessment to Sea Level Rise and Excessive
Precipitation Hazards: Sub-catchments in the Kiiciik Menderes River Basin

Gokce DEMIRCAN !

, Mediha Burcu SILAYDIN 2

ORCID 0000-0003-4828-6143
ORCID 0000-0001-9843-3370

Dokuz Eyliil Universitesi, Fen Bilimleri Enstitiisii, Sehir ve Bolge Planlama Ana Bilim Dali Doktora Programi
2 Dokuz Eyliil Universitesi, Mimarlik Fakiiltesi, Sehir ve Bélge Planlama Boliimii, Lzmir, T lirkiye

One Cikanlar / Highlights

= [klim degisikligine bagh gelisen deniz seviyesi = Sea level rise and excessive precipitation hazards due to
yiikselmesi ve asir1 yagis tehlikeleri climate change

= Kiiglik Menderes havzasindaki alt havzalar = Sub-catchments in the Kiigiik Menderes River Basin

= Mekansal kirilganlik analizi = Spatial vulnerability analysis

13 2t

Makale Bilgisi /
Article Info

L 2

Ozet

Gonderim / Received:
08/04/2024

Kabul / Accepted:
12/09/2024

Anahtar Kelimeler

Iklim degisikligi, deniz
seviyesi yiikselmesi,
asw yagis, kirilganiik,
alt havza

Keywords

Climate change, sea
level rise, excessive
precipitation,
vulnerability, sub-
catchment

Havzalarin iklim degisikligine kars1 kirilganlik diizeyleri cografi konumu, hidrolojik yapisi,
fiziksel yapisi, toprak yapisi, jeolojik yapisi, iklim kosullari, kentlesme diizeyi, arazi kullanimi
gibi pek ¢ok faktore dayali olarak farklilik gdstermektedir. Havza temelli kirilganlik
degerlendirmeleri iklim degisikligine uyum politikalarinda su ile ilgili konularin da
gozetilebilmesi agisindan 6nem tagimaktadir. Bu noktada alt havzalar ise ayn1 zamanda yerele
Ozgii stratejilerin belirlenmesinde uygun bir 6l¢ek olusturmaktadir. Bu g¢alismada, Kiigiik
Menderes Nehir Havzasi’nda yer alan, kentlesmis havza niteligi gosteren ve aralarinda farklh
ozellikleriyle one cikan Izmir-Korfez, Cesme-Karaburun ve Tahtali-Seferihisar alt
havzalarinin deniz seviyesi yiikselmesi ve asir1 yagis tehlikelerine kars1 mekéansal kirtlganlik
diizeylerinin tespit edilmesi amaglanmaktadir. Bu dogrultuda, alt havzalardaki mikro havza
smirlar esik alinarak, maruz kalma, hassasiyet ve direnglilik olmak iizere ii¢ tipte belirlenen
gostergelerden faydalanilarak mekansal kirilganlik analizi gergeklestirilmistir. Elde edilen
sonuglar, alt havzalarin degisen kirilganlik diizeylerine sahip oldugunu ve goreli daha
kentlesmis nitelikteki [zmir-Kérfez alt havzasinin digerlerine kiyasla daha kirilgan bir yapi
sergiledigini ortaya koymustur. Orman ve yar1 dogal alanlariyla one gikan Cesme-Karaburun
alt havzasinin daha diisiik kirilganlik gosterdigi tespit edilmistir.

Abstract

The vulnerability levels of river basins to climate change vary depending on many factors such
as geographical location, hydrological structure, physical structure, soil structure, geological
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structure, climatic conditions, urbanization level and land use. Vulnerability assessments at
the basin level are crucial for addressing water-related issues in climate change adaptation
policies. At this point, sub-catchments are also an appropriate scale for determining local-
specific strategies. The objective of this study is to assess the level of spatial vulnerability to
sea level rise and excessive precipitation hazards in the izmir-Kérfez, Cesme-Karaburun, and
Tahtali-Seferihisar sub-catchments located in the Kii¢iilk Menderes River Basin, which have
urbanized basin characteristics and distinct features. In this regard, spatial vulnerability
analysis was conducted by using micro-basin borders in the sub-catchments as thresholds and
using three types of indicators: exposure, sensitivity, and resilience. The findings revealed that
the sub-catchments have different levels of vulnerability and that the Izmir-Korfez sub-
catchment, which is relatively more urbanized, has a more vulnerable structure compared to
the others. The study found that the Cesme-Karaburun sub-catchment, which is characterized
by its forest and semi-natural areas, has a lower level of vulnerability.

1. GIRIS /INTRODUCTION

Kentlesme, sanayilesme, yogun tarim uygulamalarinin neden oldugu kirlenme, asir1 kullanim gibi
baskilarla risk altinda bulunan su kaynaklari, iklim degisikliginin etkileriyle giderek daha fazla tehdit
altinda kalmaktadir. Iklim degisikligi kiiresel ve bolgesel su dongiilerini etkilemekte, su kaynaklari
iizerinde 6nemli riskler yaratmaktadir. Havzalar kuraklik, su kithigi, yagis desenindeki belirsizlikler, su
miktar1 ve kalitesinde diisiisler, sel, kirlilik gibi bir¢ok sorunla kars1 karsiya kalmakta ve bu sorunlar
yore halklarimi ve ge¢im kaynaklarini olumsuz etkilemektedir (Jung ve Choi, 2012; Chan, 2013; Bhave
ve dig., 2013; Kim ve Chung, 2014; Roy ve Inamdar, 2014; Scholze ve dig., 2020; Orozco ve dig., 2020;
Macharia ve dig., 2020; Aytekin ve Serengil, 2022; Hounkp¢ ve dig., 2022). Tiirkiye’de 25 nehir havzasi
bulunmaktadir ve bu havzalardaki toplam ortalama yillik akig miktar1 186 milyar m3’tiir (TCOSB,
2014). Tirkiye’deki havza yorelerinde insan kaynakli faaliyetler nedeniyle Onemli sorunlar
yasanmaktadir. Tarimda asir1 kimyasal giibre ve ila¢ kullanimindan kaynaklanan toprak ve su kirliligi,
mera alanlarinda asir1 ve diizensiz otlatmalar, orman alanlarimin bozulmasi nedeniyle bir¢ok alanda
ekosistemlerin pargalanmasi bu sorunlardan bazilaridir (TCOSB, 2014). Kentlesmis nehir havzalarinda
cevre kirliligi, plansiz sanayilesme, su kaynaklarinin asirt kullanimi, yeralti su rezervlerindeki diisiigler
ve kirlilik verimli toprak, su, orman ve mera gibi dogal kaynaklar ve varliklari etkilemektedir (TCOSB,
2014).

Iklim degisikligi, su kaynaklarinin temelini olusturan ve gesitli ekosistemleri barindiran nehir havzalari
tizerinde 6nemli etkiler yaratmaktadir. Birgcogu kentlesmis olan nehir havzalar iklim degisikligi ile
birlikte daha fazla risk altinda kalmaktadir. Tiirkiye, Akdeniz havzasinda yer almaktadir. Yari-kurak
bolgelerden biri olan Akdeniz havzasinda iklim degisikligi nedeniyle sicakliklarin artacagi, yagista
azalma olacagi, kurakliktan etkilenen bolgelerin artacagi ve su kaynaklarinda azalma gozlemlenecegi
belirtilmektedir (IPCC, 2007). Tiirkiye’de gelecek yillarda yillik ortalama sicakligin 2,5°- 4°C artacagi,
Ege ve Dogu Anadolu Bolgeleri’nde 4°C’yi, i¢ bolgelerde ise bu sicaklik artisinin 5°C’yi bulacag ifade
edilmektedir (TCCSB, 2012). Yagis rejimleri mevsimlere ve bolgelere gore farklilik gostermektedir.
Yagislarin azalmasi havzalarda yiizey sularinin potansiyelinde sikintilar yaganmasina neden olmaktadir.
Tiirkiye’de bazi havzalardaki ylizey sularmin 2030 yilina kadar neredeyse %20 diisecegi ve bu oranin
2050 ve 2100 yillarina gelindiginde sirasiyla %35 ve %50’ye yiikselmesi beklenmekte ve arazi
kullanim1 ve havzalardaki arazi ortiisiiniin de iklim degisikliginden 6nemli oranda etkilenecegi
ongoriilmektedir (TCCOB, 2007). Dolayisiyla, suyun hayati ve toplumsal dnemi, dogal kaynaklarin
korunmasi ve siirekliliginin saglanmasi agisindan havzalarin iklim degisikligi tehlikelerine karst
kirilganliginin aragtirilmasi 6nem kazanmaktadir.

Iklim degisikligine kars1 kirilganligin incelenmesi, yerel olarak ilgili uyum stratejilerinin olusturulmasi
icin bir 6n asamadir (Bhave ve dig., 2013; Scholze ve dig., 2020). Nehir havzasi dlgeginde iklim
degisikligi etkilerine kars1 kirilganhig1 konu alan gesitli calismalar mevcuttur. Iklim degisikliginin su
kaynaklar1, miktar1 ve kalitesi tizerindeki etkilerinin degerlendirilmesi (Jung ve Choi, 2012; Kim ve
Chung, 2014; Yang ve dig., 2015; Macharia ve dig.2020; Aytekin ve Serengil, 2022); kentlesmis nehir
havzalarinda kuraklik (Roy ve Inamdar, 2014; Orozco ve dig., 2020), taskin/sel (Gama ve dig., 2011;
Kefi ve dig., 2018; Tang ve dig., 2021; Islam ve Ghosh, 2022; Hounkp¢ ve dig., 2022) iklim riski
degerlendirmeleri; arazi kullanimindaki degisikliklerin su kaynaklarina etkisi (Zope ve dig., 2017; Kefi
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ve dig., 2018; Orozco ve dig., 2020); kirilganlig1 etkileyen yerel 6zellikler, iklim degisikligi etkileri ve
ilgili uyum segeneklerine iliskin paydaglarin algilarinin degerlendirilmesi (Bhave ve dig., 2013); ¢esitli
iklim degisikligi senaryolar1 altinda su kaynaklarinin kirilganlhiginin degerlendirilmesi (Chen ve dig.,
2020; Nguyen ve dig., 2021; Zhang ve dig., 2023); nehir havzasi, alt havza ve kentsel alanlar olmak
izere ii¢ farkli 6l¢ekte uygulanabilen gosterge temelli sel kirilganlik indeksinin gelistirilmesi (Balica ve
dig., 2009) bu calismalardan bazilaridir. Bunun yani sira ulusal veya kiiresel dlgekte caligmalar
yapilmasina ragmen, orta 6lgekli kirilganlik dokusunu belirlemek i¢in bolgesellestirilmis calismalara
ihtiya¢ duyulmaktadir (Scholze ve dig., 2020). Ayrica hidrolojinin dogal sinirlarini takip etmek ve yerel
diizeyde karar almay1 etkin bir sekilde destekleyebilmek icin alt havza 6l¢eginde bir yaklagimin
benimsenmesi de 6nemlidir (Bhave ve dig., 2013).

Tiirkiye’deki nehir havzalarmin kirllganligina yonelik sinirli sayida ¢alisma bulunmaktadir. Chan
(2013) calismasinda, orman topluluklarinin miilkiyet haklar1 yapisinin topluluklarin uyum stratejilerini
nasil etkiledigine ve iklim degisikligine karsi kirilganliklarini nasil sekillendirdigine odaklanarak
Seyhan Nehri Havzasi’ndaki orman topluluklarim1 ele almistir. Bu caligmada, yasayanlarin iklim
degisikligi algilari, gecim kaynaklar1 ve miilkiyet yapis1 odaginda tartigmalar yapilmis; iklim degisikligi
ve diger stres faktorlerinin ortlisebilecegi ve kirllganlig: arttirabilecegi vurgulanmistir.

Aytekin ve Serengil (2022), Balikesir-Susurluk alt havzasinda bir kirilganlik analizi uygulayarak analiz
sonuglarimi arazi kullanimi ve direnglilik kapasitesi ile birlikte degerlendirmektedir. Calismada,
kirilganlik analizi i¢in havzanin fizyografik 6zellikleri hassasiyet gostergesi olarak, iklim verileri maruz
kalma gostergesi olarak, sosyo-ekonomik durum ise uyarlanabilir kapasite gostergeleri olarak
kullanilmistir. Sonugta, su kalitesi degerleri ile kirilganlik degerleri arasinda yiiksek bir korelasyon
bulunmus ve kentsel alt havzalarin kirsal alt havzalara gére daha kirilgan oldugu belirtilmistir. Ertiirk
ve dig. (2015) ¢alismasinda, iklim degisikliginin Kdycegiz-Dalyan Havzasi’ndaki su biitcesi bilesenleri
iizerine etkisini ve havzadaki yeralti su kaynaklarinin kirlilige karsi kirilganligini tespit etmektedir.
Caligmada, su tablasina olan derinlik, net besleme, akifer ortami, toprak tipi, topografya, vadoz
bolgesinin etkisi, hidrolik iletkenlik gibi faktorler ele alinmustir.

Bu makalede, havza 6l¢eginde yiiriitiillen mevcut caligmalardan farkli olarak agirlikli arazi kullanim
durumu ile ilgili gostergelerden yararlamlmistir. Boylelikle deniz seviyesi yiikselmesi ve asir1 yagis
tehlikelerine odaklanilarak havzadaki nehir ag1 ve arazi kullanimi iizerinden mekéansal kirilganligin
analizi yapilarak literatiire katki saglanmasi hedeflenmektedir. Bu hedefle ¢alismada kiy1, nehir ag1 ve
arazi kullanim ortak ekseninde, maruz kalma, hassasiyet ve direnclilik olmak iizere ii¢ tipte belirlenen
gostergeler lizerinden mekénsal kirilganlik analizi ve degerlendirmeleri gerceklestirilmektedir. Bu
caligmanin 6rnek alanini Kii¢ciik Menderes Nehir Havzasi sinir1 igerisinde yer alan ve farkli 6zellikleriyle
one ¢ikan Izmir-Korfez, Cesme-Karaburun ve Seferihisar-Tahtali alt havzalari olusturmaktadir.

2. MATERYAL VE YONTEM/ MATERIALS AND METHODS

2.1. Calisma Alam

Bu ¢alismanin 6rnek alanini Kii¢iik Menderes Nehir Havzasi sinir1 igerisinde yer alan bes alt havzadan
(Sekil 1) iigii; Izmir-Korfez alt havzasi, Cesme-Karaburun alt havzasi ve Seferihisar-Tahtal1 alt havzasi
olusturmaktadir (Sekil 2). Kiiciik Menderes Nehir Havzasi, Tirkiye’nin batisinda sularmi Kiigiik
Menderes nehri ve diger akarsularla Ege Denizi’ne bosaltan alan1 kapsamaktadir. Izmir il simirinm
biiyiik bir kismini icermektedir. Toplam yagis alan1 6,963 km?” olan ve Akdeniz ikliminin hakim oldugu
havzada Ters Uzaklik Agirliklandirma Metoduna (Inverse Distance Weighting IDW metodu) gore
ortalama sicaklik degeri 16,8 °C olup 627,9 mm’lik degerle yagis ortalamasi genel olarak oldukga
diisiiktiir (TCTOB, 2019).!

! Havzadaki sicaklik ve yagis degerlerine dair bilgiler Kiigiik Menderes Havzasi Nehir Havza Yonetim Plan1 Nihai Raporu (TCTOB,
2019)’ndan elde edilmistir. Bu raporda havzadaki ortalama sicaklik degeri IDW metodu ile belirtilmis olup, ortalama toplam yagis degerleri
icin ise farkli metotlarin (Aritmetik ortalama metodu, Thiessen metodu, IDW metodu ve Kriging metodu) sonuglar1 yer almaktadir. Ancak,
raporda IDW metodu sonuglar ile ¢aligmanin daha dogru sonuglar verecegi belirtildiginden (bkz. TCTOB, 2019, 5.37-39) bu makalede IDW
metodu referans alinmustir.
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Sekil 1. Kiiciik Menderes Havzasi ve alt havzalart (Kaynak: Copernicus Land Monitoring Service EU-
Hydro River Network Database ve ArcGIS programindan yararlanarak yazarlar tarafindan
tiretilmistir)

7 A
,"4 y

MENEMEN
0

TORBALI
.

LEJANT 5 4

[ izmirKérfez Alt Havzasi { &

- Tahtal-Seferihisar Alt Havzasi res ;}
Gesme-Karaburun Alt Havzas! ¥ 7 'Y

Sewes Earl USGS, NOAA: Seurces: Earl, Garmin, USGS. NPS,

Sekil 2. Calisma alam (Kaynak: Copernicus Land Monitoring Service EU-Hydro River Network
Database verisi ve ArcGIS programindan yararlanarak yazarlar tarafindan tiretilmistir)

Calisma alani olarak belirlenen alt havzalardan Izmir-Kérfez alt havzasi kentlesmis bir nehir havzasidir
ve yiiksek niifus yogunluguna sahip yerlesimleri barindirmaktadir. Cesme-Karaburun alt havzasi orman
ve yar1 dogal alanlartyla 6ne ¢ikmakta ve Cesme, Karaburun gibi turizm sektoriiniin gelistigi ilgeleri
barindirmaktadir. Seferihisar, Menderes ilcelerini kapsayan Tahtali-Seferihisar alt havzasi ise tarim
alanlartyla 6ne ¢ikmaktadir ve Izmir’in su gereksinimini karsilayan Tahtali Baraji bu havzada
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bulunmaktadir (Sekil 3). Alt havzalarin yagis, sicaklik ve yeriistii su potansiyelleri Tablo 1’de
verilmektedir.

N +FOCA
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*
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|:| Cesme-Karaburun Alt Havzasi Tarim alani Nehir

[ Tahtali-Seferihisar Alt Havzasi Orman ve yari dogal alan ¢ Yerlegim yeri 5

[ 1Mikro Havza Il Sulak alan SELCUK]
Sowces : Esri, USGS, NO»

Sekil 3. Calisma alant genel arazi kullanimi (Kaynak: Copernicus Land Monitoring Service EU-Hydro
River Network Database ve Corine 2018 arazi kullanim siniflandirmasi verisi ve ArcGIS programindan
yararlanarak yazarlar tarafindan tiretilmistir)

Tablo 1. Calisma alamindaki alt havzalarin yagus, sicaklik degerleri ve yeriistii suyu miktarlart (TCTOB,
2019’dan yararlanilarak tablolagtirimigtir.) ile arazi kullanmim tirii biiyiikliikleri (Corine 2018 arazi
kullanim suniflandirmasi verisi ve ArcGIS programindan yararlanarak hesaplanmistir.)

Alt havza ada Toplam yagis Ortalama sicakhk Yeriistii Yapay Tarimm Orman ve
degeri (mm) degeri (°C) suyu alan (ha) | alam (ha) | yar1dogal
(IDW metodu) (IDW metodu) miktari alan (ha)

(hm?/y1l)
izmir-Korfez 6429 17 126 22690,208 | 14385,005 | 44315,944
Cesme-Karaburun 747,8 17,2 76 5953,237 | 15922,204 | 88998,898
Tahtah-Seferihisar 653,7 16,9 176 5020,408 | 32803,456 | 84103,713

Bu calismada kirilganlik analizi gerceklestirilirken mikro havza sinirlar esik alinmistir. Mikro havza
“yiizey veya ylizey-alt1 akislarla belirli bir drenaj sistemini (irmak, nehir veya gol) besleyen en kiigiik
hidrolojik birim” (TCOSB, 2014) seklinde tanimlanmaktadir. Alt havzalardaki mikro havza sinirlari
“Copernicus Land Monitoring Service EU-Hydro River Network Database, 2006-2012” veri tabanindan
elde edilmistir. Hidroloji nehir ag1 lejantinda H1 olarak gosterilen smir kullanilmustir (Sekil 4). izmir-
Korfez alt havzasinda 17, Cesme-Karaburun alt havzasinda 27, Seferihisar-Tahtali alt havzasinda 15
tane mikro havza bulunmaktadir.
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LEJANT
Izmir-Kérfez Alt Havzasi
Tahtali-Seferihisar Alt Havzas

Cesme-Karaburun Alt Havzasi

:I Mikro havza

Nehir

yf

Scuwees Esri USGS, NOAA: Scurces: Esti, Garmin USGS. NFS

Sekil 4. Mikro havza simirlart (Kaynak: Copernicus Land Monitoring Service EU-Hydro River Network
Database verisi ve ArcGIS programindan yararlanarak yazarlar tarafindan tiretilmistir)

2.2. Yontem

2.2.1. Gostergelerin aciklanmasi

Bu calismada izmir-Kérfez alt havzasi, Cesme-Karaburun alt havzasi ve Seferihisar-Tahtali alt
havzasinda deniz seviyesi yiikselmesi ve asir1 yagis tehditlerine kars1 kiy1, nehir ag1 ve arazi kullanim
ortak ekseninde, maruz kalma, hassasiyet ve direnglilik olmak {izere ii¢ tipte belirlenen gostergeler
tizerinden mekansal kirilganlik analizi gerceklestirilmistir (Tablo 2). Literatiirde gosterge adlar1 farkli
sekillerde ifade edilmektedir. Bu nedenle gostergelerin kullanildigi referanslar anilan ifadeler esliginde
Tablo 2’de sunulmustur.

Tablo 2. Mekansal kirilganlik analizi i¢in kullanilan gostergeler

Gosterge Kisaltma Birim  Gosterge Aciklama Veri kaynagi Kirilganhkla Referans
ad1 tipi iliskisi

Yapay My ha Maruz Kentsel https://land.copernicus.cu/pan- Yapay alan Kentsel

alan kalma doku, european/corine-land-cover miktar1 yapili ¢evre
endiistriyel, adresinden CORINE, 2018 arazi arttikga, (Scholze ve
ticari ve kullanim siniflandirmasi verisi kirtlganlik dig., 2020;
ulagim indirilmistir. ArcGIS programi artar. Tang ve
birimleri, tizerinden mikro havza sinirlar1 esik dig., 2021;
maden, alinarak hesaplanmustir. Aydn ve
bosaltim, Kahraman,
ingaat 2022)
sahalari,
yapay, tarim Kentsel
dis1 bitki gelisim
ortlisii (Williams ve
alanlar1 dig., 2019)
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Tarim
alanmi

Orman
ve yari
dogal
alan

Kentsel
yesil
alanlar

Kiy1
seridi
uzunlugu

Kiy1
seridi
boyunca
yapay
alan
uzunlugu

Nehir
uzunlugu

Mr

MOD

MKY

MKU

MKYU

ha

ha

ha

km

km

km

Hassasiyet

Direnglilik

Direnglilik

Maruz
kalma

Maruz
kalma

Hassasiyet

Ekilebilir
alan, surekli
mabhsiiller,
meralar,
karigik tarim
alanlari
Orman,
maki ve otsu
bitkiler,
bitki
ortiistinlin
az oldugu
veya hig
olmadig1
acik alanlar

Yesil
kentsel
yiizeyler,
spor ve
dinlenme
alanlar1

Kyt seridi
uzunlugu

Kiyt seridi
boyunca
kentsel
doku,
endiistriyel,
ticari ve
ulagim
birimleri,
maden,
bosaltim,
ingaat
sahalari,
yapay, tarim
dis1 bitki
ortiisti gibi
yapay alan
uzunlugu
Nehir ag1
toplam
uzunlugu

CORINE, 2018 arazi kullanim
siniflandirmas: verisi kullanilarak
ArcGIS programi tizerinden mikro
havza sinirlar esik alinarak
hesaplanmustir.

CORINE, 2018 arazi kullanim
siniflandirmas: verisi kullanilarak
ArcGIS programu iizerinden mikro
havza sinirlar esik alinarak
hesaplanmustir.

CORINE, 2018 arazi kullanim
siniflandirmas: verisi kullanilarak
ArcGIS programu iizerinden mikro
havza simirlar esik alinarak
hesaplanmustir.

https://land.copernicus.eu/imagery-
in-situ/eu-hydro/eu-hydro-river-
network-database adresinden
indirilen hidroloji verisindeki H1
olarak gosterilen mikro havza
sinirlari esik alinarak o mikro
havzadaki kiy1 uzunlugu ArcGIS
programi iizerinden hesaplanmustir.

CORINE, 2018 arazi kullanim
siniflandirmasi verisi ve Land
Copernicus hidroloji verisindeki H1
olarak gosterilen mikro havza
sinirlart kullanilarak ArcGIS
programi tizerinden hesaplanmustir.

https://land.copernicus.eu/imagery-
in-situ/eu-hydro/eu-hydro-river-
network-database adresinden nehir
ag1 verisi indirilmistir. ArcGIS
programu iizerinden her bir mikro
havzadaki toplam nehir ag1 uzunlugu
hesaplanmustir.
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Niifus Sx kisi Maruz Niifus TUIK, 2022 yili adrese dayali niifus Niifus Niifus
kalma kayit sisteminden elde edilen niifus arttikga, (Apreda ve
verisi kullanilarak ArcGIS programi kirilganlik dig.,2019;
tizerinden her bir mikro havzadaki artar. Lehmann ve
niifus hesaplanmistir. Hesaplama dig., 2021)

yapilirken, ilgenin niifusu ve
kapladig alan ile mikro havza
igerisinde kalan kism1 oranlanmigtir.
Mikro havza igerisinde ilge sinir1
olmasina ragmen, o sinir dahilinde
yerlesim barindirmayan ilgelerin
niifus verisi dahil edilmemistir.

Hiikiimetleraras1 Iklim Degisikligi Paneli (Intergovenmental Panel on Climate Change, 1PCC)
(2014)’ne gore maruz kalma, insanlarin, ge¢im kaynaklarinin, tiirlerin ve ekosistemlerin, ¢evresel
fonksiyonlarin, hizmetlerin ve kaynaklarin, altyapinin, ekonomik, sosyal veya kiiltiirel varliklarin iklim
degisikliginden olumsuz etkilenebilecek yerlerde bulunmasidir. Bu ¢alismada yapay alan, kiyr seridi
uzunlugu, kiy1 seridi boyunca yapay alan uzunlugu ve niifus bu gosterge tiirtinde ele alinmistir.

IPCC 3. Degerlendirme Raporu’nda (2001), hassasiyet bir sistemin iklimle ilgili uyaranlardan olumlu
ya da olumsuz etkilenme derecesi olarak tanimlanmaktadir. Bu ¢alismada tarim alami biiyiikligii ve
toplam nehir ag1 uzunlugu hassasiyet gostergesi olarak kullanilmistir. Tarim iiretiminin genis alanlara
sahip olmasi iklim degisikligine hassasiyeti arttirmaktadir (Huynh ve dig., 2020). Ayrica, tarimsal
tiretimin orani kentsel ekonomik durumun bir gostergesi olarak kullanildiginda, tarim oraninin yiiksek
oldugu alanlar ekonomik yapinin iklim degisikligine hassas oldugu alanlardir (He ve dig., 2019). Tarim
arazileri, gecimlik ve ekonomik faaliyetler nedeniyle en kirilgan ikinci arazi ortiisiidiir (Nguyen ve dig.,
2021). Diger bir hassasiyet gostergesi ise havzadaki nehir ag1 uzunlugudur. Bir mikro havzadaki toplam
nehir ag1 uzunlugunun artmast hassasiyeti arttirarak, kirilganlig1 da arttiracaktir. Nehir sayisinin artmasi,
sel kirllganligini arttirmaktadir (Nasiri, 2018).

Direnglilik, bir sosyal veya ekolojik sistemin ayni temel yapiy1 ve isleyis sekillerini, kendi kendini
organize etme kapasitesini, strese ve degisime uyum saglama kapasitesini korurken, rahatsizliklari
absorbe etme yetenegidir (IPCC, 2007). Acik alanlarin artmasi kirilganligin azalmasina katki sagladig:
icin (Nasiri, 2018; Mukherjee ve Takara, 2018) bu ¢aligmada, orman ve yar1 dogal alanlar ile kentsel
yesil alanlar direnglilik gostergesi olarak ele alinmistir.

2.2.2. Kirdganlik analizi

Bu galismada gosterge temelli kirilganlik analizi uygulanmistir. [IPCC (2001) kirilganligi, maruz kalma,
hassasiyet ve uyarlanabilir kapasitenin bir fonksiyonu olarak tanimlamaktadir. Buna ek olarak ilgili
literatiirde kirilganhigin etki, maruz kalma, hassasiyet, uyarlanabilir kapasite ve direngliligin bir
fonksiyonu olarak da degerlendirilebildigi goriilmektedir (6rn. De Leon, 2006; Balica ve dig., 2009;
Balica ve dig., 2012; Nasiri ve dig., 2018; Aydin ve Kahraman, 2022). Bu calismada kirilganlik
analizinde maruz kalma, hassasiyet ve direnclilik faktorleri ele alinarak asagidaki hesaplama yontemi
kullanilmastir:

Maruz kalma x Hassasiyet

K =
trulgankik Direncglilik

Buna gore ¢alisma kapsaminda kullanilan formiil su sekildedir:

Mpp X Mgy

Kirllganlik =

Bu c¢alismada mikro havza sinirlar1 temel alindigi i¢in, gdstergelere ait veri degerleri mikro havza
bazinda girilmistir. Farkl1 birimlere sahip olan gosterge veri degerlerinin ayn1 anda kullanilabilmesi i¢in
deger normalize edilmistir. Alt havzalardaki mikro havza sinirlart esik alinarak uygulanan kirilganlik
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analizi sonucunda elde edilen degerler, ArcGIS programi lizerinden ‘Geometrik Aralik ile Siniflandirma
Yontemi® kullanilarak c¢ok diisiik, diisiik, orta, yiliksek ve c¢ok yiiksek olmak iizere 5 kategoride
siniflandirilmastir.

4. BULGULAR/ FINDINGS

Deniz seviyesi yiikselmesi ve asir1 yagis tehlikelerine kars1 Izmir-Koérfez, Cesme-Karaburun ve Tahtali-
Seferihisar alt havzalarindaki mekansal kirilganligin tespiti i¢in yapilan kirilganlik analizi sonucunda,
caligma alaninda 59 mikro havzadan 2’sinin ¢ok yiiksek, 6’sinin yiiksek, 4’iiniin orta, 7’sinin diisiik ve
40 tanesinin ¢ok diisiik kirilganlik diizeyine sahip oldugu saptanmistir. Cok diisiik ve diigiik kirilganlik
diizeyine sahip mikro havzalar say1 olarak cogunlukta olmakla birlikte, biiyiiklik itibariyle
degerlendirildiginde yiiksek ve c¢ok yiiksek kirilganligin yaklasik %40 oraninda bir alan kapladig
goriilmektedir (Sekil 5).
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Sekil 5. [zmir-Korfez, Cesme-Karaburun ve Tahtali-Seferihisar alt havzalarimn kirllganhik diizeyleri
(ArcGIS programindan yararlanilarak yazarlar tarafindan tiretilmistir.)

Mikro havzalarin kirilganlik diizeyleri alt havza bazinda degerlendirildiginde, ¢ok yiiksek kirilganliga
sahip mikro havzalarin Izmir-Kérfez alt havzasinda; gok diisiik kirtlganliga sahip olanlarin ise Cesme-
Karaburun alt havzasinda yogunlastig1 tespit edilmistir (Grafik 1). izmir-Kérfez alt havzasinda yiiksek
ve ¢ok yiiksek kirilganliga sahip mikro havzalarin sayisi, havza genelinde %30’luk bir oram
olusturmaktadir. Tahtali-Seferihisar alt havzasinda bu oran %13, Cesme-Karaburun alt havzasinda ise
%4 tiir. Izmir-Korfez alt havzasindaki orta diizeyde kirllganlik derecesine sahip mikro havzalarin orani
%12’dir ve bu oran diger iki alt havzaya kiyasla daha yiiksektir. Cesme-Karaburun alt havzasi ise diger
alt havzalara gore daha diisiik bir kirilganliga sahiptir. Icerdigi mikro havzalarim %92’si ¢ok diisiik ve
diistik kirilganliga sahip olup, %4’ii orta ve %4’1 yliksek kirllganliga sahiptir. Cok yiiksek kirilganliga
sahip mikro havza bulunmamaktadir. Tahtali-Seferihisar alt havzasi, Cesme-Karaburun alt havzasina
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gore daha yiiksek, Izmir-Korfez alt havzasina gore ise daha diisiik bir kirilganliga sahiptir. Say1 itibariyle
Tahtali-Seferihisar alt havzasindaki mikro havzalarin %80°1 ¢cok diisiik ve diisiik kirilganliga sahip olup,
%7’si orta ve %131 yiiksek kirilganliga sahiptir. Bu alt havzada ¢ok yiiksek kirilganliga sahip mikro
havza bulunmamaktadir (Grafik 2).
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Grafik 1. Mikro havzalarin kirilganlik diizeylerinin alt havzalar itibariyle sayisal dagilimi
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Grafik 2. Mikro havzalarin kirtlganlik diizeylerinin alt havzalar itibariyle oransal dagilimi

Yapilan analiz sonucunda [zmir-Kérfez alt havzasinin diger iki alt havzaya gore daha kirilgan bir yapiya
sahip oldugu tespit edilmistir. Izmir-Korfez alt havzasi1 diger iki alt havzaya gore kentlesme orani ve
dolayisiyla yapay alani yliksek bir yap1 sergilemesi, bu bulgunun nedeni olarak gézlenmektedir. Diger
yandan bulgular, orman ve yar1 dogal alanlar1 ile 6ne ¢ikan ve turizm sektoriiniin gelistigi Cesme,
Karaburun ilgelerini igeren Cesme-Karaburun alt havzasinin ise daha az kirilganliga sahip oldugunu
ortaya koymaktadir. Onemli nehir ag1 ve tarim alanlarryla 6ne ¢ikan Tahtali-Seferihisar alt havzasi ise
hem yiiksek hem de diisiik kirilganliga sahip mikro havzalar1 barindirmaktadir.

Alt havzalardaki kirilganlik diizeylerinin mekéansal dagilimi daha detayli incelendiginde (Sekil 4); Izmir-
Korfez alt havzasinda yer alan, kent merkezi (Konak) ve yiiksek yogunluklu (Karabaglar, Buca,
Gaziemir) yerlesimleri iceren mikro havzanin yiiksek kirilganlik diizeyine sahip oldugu gézlenmektedir.
Karstyaka, Bayrakli, Bornova ilgelerini barindiran mikro havzalarda kentsel dokunun yani sira, gorece
kiy1 seridinin kisa olmasi ve orman ve yar1 dogal alanlarin varligi, gérece kirillganlig1 azaltmada etkilidir.
Narlidere ilgesinin tamamini ve Giizelbahge ilgesinin bir kismini igeren mikro havzalar, orta ve yiiksek
kirilganlik diizeylerine sahiptir. Bu mikro havzalarda kiy1 seridi uzunlugu, kiy1 seridi boyunca kesikli
kentsel dokunun varlig1 dikkat cekmektedir. Giizelbahge, Menderes ve Seferihisar il¢elerinin bir kismini
iceren mikro havzadaki kiy1 seridi uzunlugu, kiy1 seridi boyunca kesikli kentsel doku, tarim alanlarinin
biiyiikliigii ve nehir ag1 uzunlugu iklim tehlikelerine maruz kalma ve hassasiyeti arttirarak, kirllganlig
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arttirmaktadir. Bu mikro havza ¢ok yiiksek kirilganlik diizeyine sahiptir. Urla ilge siniri1 igerisinde kalan
mikro havzanin olduk¢a uzun bir kiy1 seridine sahip olmasi, deniz seviyesi yiikselmesi ve asir1 yagis
tehlikelerine kars1 maruz kalma riskini arttirmaktadir.

Genel olarak oldukega diisiik bir kirllganliga sahip Cesme-Karaburun alt havzasinda, Urla ilge sinir1
icerisinde yliksek kirillganlik diizeyine sahip bir mikro havza bulunmaktadir. Bu mikro havzadaki nehir
ag1 uzunlugu ve tarim alanlarimin biiytikligii hassasiyeti arttirarak, kirilganligi arttirmaktadir. Karaburun
ilcesinde yer alan ve orta kirilganlik diizeyine sahip mikro havzanin kiy1 bolgesindeki tarim alanlarinin
biiylikliigli ve kiy1 seridi uzunlugu kirillganlig etkilemektedir. Cesme-Karaburun alt havzasindaki diistik
kirilganliga sahip mikro havzalar, havza genelinde %11°lik bir orana sahiptir. Bu mikro havzalar Cesme
ilcesinde yer almaktadir. Bu havzalarda kesikli kentsel dokunun varligt ve nehir ag1 uzunlugu
kirilganlig: etkilemektedir.

Tahtali-Seferihisar alt havzasinda yiiksek kirilganlik diizeyine sahip mikro havzalar bulunmaktadir. Alt
havzanin genelinde %13 liik bir kism1 olusturan bu mikro havzalardan biri, izmir iline igme ve kullanma
suyu saglayan ve yagis alan1 554,3 km? (TCTOB, 2019) olan Tahtali Baraji’n1 igeren mikro havzadur.
Menderes il¢esinin biiylik bir kismini icermektedir. 232,714 km uzunlugundaki nehir agi, yaklagik 20
bin hektarlik tarim alan1 ve kiy1 seridi boyunca var olan kesikli kentsel doku kirilganlig1 arttirmaktadir.
Bir diger yiiksek kirilganlik diizeyine sahip mikro havza Seferihisar ve Urla ilge smirlar1 arasinda
bulunmaktadir. Biiytlik bir kism1 Seferihisar ilgesinde yer alan bu mikro havzadaki nehir ag1 uzunlugu
ve tarim alani biiyiikliigii fazladir. igme ve kullanma suyu saglayan Urkmez Baraji’n1 iceren ve kiy1
seridi boyunca kesikli kentsel dokuya sahip mikro havzanin ise orta kirilganlik diizeyi sergiledigi
gozlenmektedir.

5. SONUC/RESULT

Bu calismada, deniz seviyesi ylikselmesi ve asir1 yagis tehlikelerine odaklanilarak, Kiicilk Menderes
Havzasinda yer alan, farkli 6zellikleriyle 6ne ¢ikan izmir-Kérfez, Cesme-Karaburun ve Tahtali-
Seferihisar alt havzalarina yonelik mekansal kirilganlik analizi gergeklestirilmistir. Genel olarak nehir
havzalarinin iklim degisikliklerine kars1 kirilganliklari, cografi konum, havzadaki su varligi, kentlesme
orani gibi pek ¢ok faktore gore degisiklik gdstermektedir. Bu caligmanin sonuglari, havzalarin kendi
icerisinde de bir kirilganlik smiflandirmasi sundugunu gostermektedir. Diger bir deyisle, bir nehir
havzasinin kendi sinirlart igerisinde her zaman homojen bir dagilim gosteremeyecegini bu ¢aligmada
mikro havza 6lgeginde yiiriitiilen analizlerle ortaya konmustur. Ornegin Cesme-Karaburun alt havzasi
goreli daha homojen bir kirtlganlik dagilimi gosterirken, izmir-Kérfez alt havzasinmn farkl kirilganlik
diizeylerini barindiran heterojen bir yapiya sahip oldugu goriilmektedir. Bu durumu degerlendirmeye
alman havzanin yerlesik doku varlig1 ve dolayisiyla yapaylasma orani ile iligkilendirmek miimkiindiir.
Elde edilen sonuglar, alt havzalarin degisen kirillganlik diizeylerine sahip oldugunu ve goreli daha
kentlesmis nitelikteki Izmir-Ko6rfez alt havzasinin digerlerine kiyasla daha kirilgan bir yap sergiledigini
ortaya koymustur. Orman ve yari dogal alanlariyla 6ne ¢ikan Cesme-Karaburun alt havzasinin daha
diisiik kirilganlik gosterdigi tespit edilmistir.

Literatiirde iklim degisikligi baglamindaki havza kirilganlik ¢alismalar havza biitiinii ya da alt havza
sinir1 ele alinirken, bu ¢alismada havzayi olusturan mikro havza smirlart esik alinmistir. Dolayisiyla
Olcegi geregi daha detayl bir kirilganlik analizi gergeklestirilmistir. Diger yandan daha 6nce belirtildigi
gibi literatiirde havzalara yonelik kirilganlik ¢aligmalarinda genellikle su kaynaklarinin miktari, kalitesi,
kuraklik, orman alanlar1 veya arazi kullanim degisimi gibi konular iizerine odaklanildig1 goriilmektedir.
Bu calismada havza 6lgeginde yiiriitiilen mevcut ¢alismalardan farkli olarak, havzadaki mevcut arazi
kullanimi1 baglaminda bir kirilganlik analizi gergeklestirilmigtir. Aytekin ve Serengil (2022), bu
caligmadan farkli olarak su kalitesi konusuna odaklanarak, kentsel alt havzalarin kirsal alt havzalara
gore daha kirilgan oldugunu belirtmislerdir. Bu makalenin odagini arazi kullanimi olusturmakla birlikte,
kentlesmis havzalarin goreli daha kirilgan olduguna yonelik elde edilen sonuglar Aytekin ve Serengil
(2022)’in ¢alismasi ile benzerlik gostermektedir. Bu ¢aligmada dlgegine uygun detayda ve mekansal
olma hedefini karsilayacak sekilde kirillganlik analizi, havzalardaki genel arazi kullanim deseni, nehir
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ag1 ve kiy1 ortak ekseninde belirlenen gostergelerden yararlanilarak yapilmistir. Bu ¢alismanin sonuglari
genel olarak arazi kullanim tiirii itibariyle kentlesmis doku, tarim ve orman alanlarinin kirilganlik
diizeylerinin mekansal dagilimin etkili oldugunu gostermektedir. Bu dogrultuda gelecekteki benzer
caligmalarda bu arazi kullanimlarina odaklanan daha detayli/farkli gostergelerin de ele alinmasinin
yararli olacagimi sdylemek miimkiindiir.

Iklim degisikligine uyum stratejilerinin belirlenmesinde bir 6n kosul olan kirilganlik analizlerinin nehir
havzalarinin yani sira, alt havza dl¢eginde de yayginlagtirilmasi oldukca 6nemlidir. Alt havza 6lgeginde
gerceklestirilen mekansal kirillganlik analizleri, yerele 6zgii uyum stratejilerinin tanimlanabilmesi igin
onemli bir baslangi¢ noktasi olabilir. iklim degisikligine baglh gelisen tehditlere karsi alt havza
Olceginde mekansal kirilganlik analizlerinin yapilmasi, uyum stratejilerinin daha gercekci ve etkili
olmasinin yani sira dnceliklerin belirlenmesine de katki saglayacaktir. Iklim degisikligi ile miicadelede
adaptasyon politikalarin gelistirilmesi olduk¢a 6nemlidir. Yere 6zgii uygun adaptasyon politikalarinin
gelistirilmesi i¢in de kirilganlik analizlerinin gergeklestirilmesi 6nemli bir 6n kosuldur. Bu ve benzer
caligmalarin artirilmasi ve yayginlastirilmasi, havzalara yonelik kirilganligi azaltacak ve direngliligi
artiracak 6nemlerin alinmasi i¢in biiyiik 6nem tagimaktadir.
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Abstract

It is a scientific fact that climate change has significant negative impacts on urban
sustainability. The increasing effects, especially on human and urban health, make settlements
more vulnerable. Therefore, actions at the central government level are important, but local
governments have even more critical roles in climate change mitigation and adaptation.
However, the lack of knowledge and technical capacity regarding combating climate change
is the biggest problem for local governments. Measurement- and monitoring-based action and
inclusive governance systems are required to address this knowledge gap. There are many
tools and methods for qualitative and quantitative vulnerability assessment for cities.
Indicator-Based Vulnerability Assessments are recommended in the relevant literature for
assessing vulnerability to urban climate impacts. This study aims to determine the
vulnerability level of cities to climate change by using the IBVAs method in 40
settlements/cities that are members of the Healthy Cities Association of Turkey. The findings
show that the distribution of the examined cities according to vulnerability categories is as
follows: High Vulnerability 0, Medium Vulnerability 5, Low Vulnerability 32, and Resilience
3. According to this result, the vast majority of the examined cities are observed to be at a low
vulnerability level to climate change. Furthermore, it has been determined that the biggest
shortcomings regarding sub-parameters in cities are in the area of Institutional and
Organizational Capacities of Cities, followed by the General Characteristics and Built
Environment areas, respectively. This situation reveals the importance of strengthening both
Institutional and Organizational Capacities and Built Environment practices for developing
the capacities of local governments in combating climate change.

1. INTRODUCTION

Climate change, one of the most significant environmental problems on a global scale,
disproportionately affects urban areas. Factors such as increasing economic activities, unplanned
urbanization, and population growth create a complex interaction between the causes and consequences
of climate change (Das et al., 2024). This interaction has adverse effects on urban infrastructure, social
systems, and natural ecosystems, seriously threatening urban sustainability. This situation emphasizes
the need for cities to increase their resilience and adaptation to the effects of climate change
(Cobanyilmaz and Yiiksel, 2013; Lobo et al., 2023).

The concept of urban vulnerability expresses how susceptible cities are to the adverse effects of climate
change (Dale et al., 2020). The assessment of urban vulnerability is considered a fundamental step in
understanding the potential impacts of climate change on cities and developing appropriate adaptation
strategies (Lanlan etal. 2024). Many international organizations, such as the World Bank, consider
conducting studies to determine the level of climate-related urban vulnerability an urgent issue.
Therefore, they recommend the use and dissemination of scientifically accepted methods to be used in
climate-related urban vulnerability assessments (World Bank, 2009; Prasad et al., 2009; Leichenko,
2011).

According to the Intergovernmental Panel on Climate Change (IPCC), climate-related vulnerability
assessments in cities are an important starting point for risk assessment, and it is stated that urban
vulnerability assessments will help disaster risk management and building resilience against a changing
climate (Tapia et al., 2017; Connelly et al., 2018). Other international organizations that have conducted
significant studies and issued warnings on this issue include Local Governments for Sustainability
(ICLEI), the Covenant of Mayors, the International City/County Management Association (ICMA),
United Cities and Local Governments (UCLG), UCLG World Organization (UCLG - MEWA), the
Local Government Association (LGA), the International Union of Local Authorities (IULA), the United
Towns Organisation (UTO), and the World Health Organization European Healthy Cities Network
(WHO-EHCN).

When local governments are evaluated in this context, they play a significant role in mitigating and
adapting to the effects of climate change (Stolte et al., 2024; Lanlan et al., 2024). This increases the
responsibilities of municipalities in combating climate change (Rosenzweig et al., 2015; Tiire & Ar,
2018). However, it is observed that many local governments do not have sufficient information, human
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and financial resources, and the necessary technical and organizational capacity to effectively combat
climate change (Simonet and Leseur, 2019). These deficiencies constitute significant obstacles to the
implementation of effective climate actions (Kay et al., 2018; Mehryar et al., 2022).

On the other hand, municipalities that want to take an active role in this process by conducting
vulnerability assessments and measurements face significant difficulties in understanding the dynamics
and complexity of urban areas (Gauthier, 2023). However, municipalities committed to implementing
urban climate action plans and policies need methods that produce systematic data to conduct
vulnerability assessments. In this context, although there are many methods defined in the literature,
there are still debates regarding the applicability and effectiveness of these methods (Broto & Bulkeley,
2013; Hunt & Watkiss, 2011; Stolte et al., 2024). However, Indicator-Based Vulnerability Assessments
(IBVA) are recommended for assessing vulnerability to climate impacts in cities (Tapia et al., 2017,
Fiissel, 2010; Hinkel, 2011; Lim, 2001).

This study aims to determine the vulnerability levels of cities in Turkey that are members of the World
Health Organization European Healthy Cities Network to climate change and to offer solutions by
addressing information and capacity gaps in this regard. Towards this aim, vulnerability analyses against
climate change were conducted using the Indicator-Based Vulnerability Assessment (IBVA) method.
By emphasizing the importance of urban vulnerability assessments and offering recommendations to
strengthen the roles of local governments in combating climate change, this study aims to contribute to
the literature and practice.

2. MATERIAL AND METHOD

This research has been prepared with the participation of 40 members from 70 cities which are members
of the Turkish Healthy Cities Association (WHO-EHCN). These cities represent about 50% of Turkey's
population (Figure 2.1).

In this study, we used a survey by Cobanyilmaz & Yiiksel (2013), considering the literature of the World
Bank (2009) to determine the vulnerability status of urban components against the effects of climate in
the IBVAs framework. The scope of the survey is organized according to main and subheadings that
can measure urban vulnerabilities and adaptive capacity according to their scope. At the urban level,
IBVAs typically focus on (i) specific cities or sub-cities characteristic areas according to a predefined
set of climate hazards (ii) potential receptors of climate impacts, including specific communities and
social groups or subsystems of the built environment as follows; infrastructures or other components
(Tapia et al., 2017; Cobanyilmaz & Yiiksel, 2013; Connelly et al., 2018; Lim, 2001; World Bank, 2010;
2011).

The questions in this questionnaire were answered by the relevant units of the municipality and the
authorized staff based on official documents (EURASAT, 2017; TUIK, 2017). The input of the survey
data was uploaded to the official website of the Turkey Healthy Cities Association by the authorized
institution coordinator of the relevant municipality. The study is based on information obtained from
these data.

The scope and key criteria of this research are as follows (Dodman et al., 2015);

. General Characteristics of Cities; location of city, settled population, gross national product
per capita, etc.

. Socio-economic Structure; unemployment rate, rate of child / disabled person / poor and
old, etc.

. Built-Environment; squatting rate, green space rate, flood risk, etc.

. Physical infrastructure; drinking water, solid waste, energy, health, etc.

. Environment; air quality, water quality, climate, biological diversity, etc.
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. Organizational Structure of Institutions, management and strategies of climate change, risk
management, disaster management, etc.
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Figure. 2.1. The locations of the Turkish Healthy Cities Association member cities participating in the
research

This survey has the structure to evaluate the qualitative/quantitative characteristics of urban ecosystem
components such as physical geography, social, economic, environmental, institutional, and spatial
factors. This method is based on the scoring system for the indicators and sub-indicators of cities and
provides an approach to the vulnerability level of cities due to climate change. Qualitative indicators
were prepared according to the answer Yes/No. Quantitative indicators based on numerical data with
different metric units should be converted to non-unit values. Thus, numerical data obtained from
different metric units and official records; It can only be evaluated by converting into non-unit
measurable indicators based on specific value ranges determined by mean, limit, standard, and
percentages (Cobanyilmaz & Yiiksel, 2013; World Bank, 2009)

The scores obtained from each sub-category were converted to percentages and a 4-level vulnerability
classification scale was established between 0-100%. These; Resilient 0-25% (R), Low Vulnerability
26-50% (LV), Medium Vulnerability 51-75% (MV), and High Vulnerability 76-100% (HV), (Tapia et
al., 2017; World Bank, 2009); Campbell-Lendrum & Corvalan, 2007, Lim, 2001; Shepherd, 2013;
USAID, 2017; Mehrotra et al., 2009).

3. THE RESEARCH FINDINGS AND DISCUSSION

Vulnerability, in general, is defined to the extent that a city is prone to adverse effects of climate change,
including climate variability and excesses. Vulnerability is a function of some city features, including
or physical geography that makes the city susceptible to climate changes a city's location, especially
proximity to the sea, topography, or other physical features of the landscape. Demographic factors that
also determine the degree of vulnerability of a city include population size and composition, population
density, size of the city, socio-economy, quality of infrastructure, type and quality of its built
environment, land use, regulations, governance structure, and the like (Mohiddin et al., 2017).

Assessing the current state of urban components mentioned above will contribute to understanding the

strengths/weaknesses of cities against climate change and to implement appropriate policies to become
a climate-friendly city (Fiissel & Klein, 2006; Tonmoy et al., 2014). Therefore, it is imperative to
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evaluate the sensitivity of cities to form new policies for climate disasters (Downing et al. 2001). Some
work is being done on climate change in Turkey, but this process is still at the beginning of the road.

Report on Global Climate Risk Index (CRI) According to the 2019 report, Turkey is ranked 72 among
193 countries (Eckstein, 2017). The number of extreme climatic events in 2023 was 1475. Number of
extreme weather events in Turkey by year are given in Figure 3, (State Meteorological Service, 2023).
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Figure 3. Number of extreme weather events in Turkey by year

In this context, the results of this study are presented under the relevant headings according to different
city categories (Cobanyilmaz & Yiiksel, 2013; Tapia et al., 2017). The increase of numerical value in
the graphs indicates that the city has a high vulnerability in terms of being damaged from climate change;
the decrease in the numerical value indicates a decrease in vulnerability.

3.1 General Characteristics of Cites

The vulnerability is a function of many city features, including physical geography, which makes the
city sensitive to climate; In particular, proximity to the sea, topography, landscape, and demographic
characteristics change the status of a city. Due to its geographical location and physical geographical
conditions, Turkey is in a climate-sensitive state. The degree of this sensitivity varies according to the
locations and demographics of the cities. Moreover, it is now impossible to change the location
preference made in the past. Therefore, it should be considered in assessing the vulnerability of cities to
climate change (OECD, 2014). The amount of a community’s social capital should be positively
correlated to community resilience by providing a safety net that can help individuals cope with the
disaster and recover from it more quickly. The scores of the cities included in this study in terms of their
general characteristics of cites are shown in Figure 3.1.1.
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Figure 3.1.1. Vulnerability scores according to the general characteristics of cities

3.2.Socio-economic Structure

The socio-economic vulnerability component in this survey contributes equally to climate change risks
along with climate hazards (Tapia et al., 2017; Lim, 2001; Mehrotra et al., 2009). Different communities
and individuals are exposed to different hazard risks, even in the same area or region. There are some
problems and difficulties in defining the socially vulnerable population in the context of climate change.
The parameters used to determine the social security deficit should at least give an idea (Vincent, 2004;
Katic, 2017). Therefore, household surveys are an important tool for collecting various social security
vulnerability data (Ge & Zhang, 2017). The status of the cities participating in this survey in terms of
their socio-economic structure is shown in Figure 3.2.1.

3.3. Built Environment

The physical components and human activities of the areas built in urban centers also interact with other
climatic factors. Therefore, the vulnerabilities of cities exposed to the same climatic factors vary
depending on the characteristics of the built environment (Wilby, 2007). For example, the built
environment of a city may become more vulnerable if it is not built to tolerate excessive rainfall and is
exposed to intense illegal construction. While the presence of large green areas with balanced
distribution in the city mitigates these effects, especially the slums, low-code settlements, and industrial
areas, transportation networks, freshwater reserves, and electricity distribution centers are primarily
built-in environmental elements. Related infrastructure features are evaluated under a separate heading
(Wilbanks & Fernandez, 2014). The distribution of cities by built-in environmental vulnerability levels
and groups are shown in Figure 3.3.1.
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3.4. Physical infrastructure
Urban infrastructure systems are highly interactive and interdependent, although they often appear

Figure 3.3.1 Vulnerability scores according to built-environment of cities

individually. Urban infrastructures include buildings and green spaces, energy systems, transportation
systems, water systems, wastewater and drainage systems, communication systems, health systems,
industrial structures, and other human design and construction products aimed at providing human
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support services (Wilby, 2007).

These systems can reduce the risks of climate change, increase resilience to potential impacts, and
reduce the magnitude and intensity of impacts with a range of adaptable behaviors (Wilbanks, &
Fernandez, 2014). The vulnerability levels and group distribution of cities depending on the
infrastructure systems consisting of these very important components for the possible effects of climate
change are given in Figure 3.4.1.
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Figure 3.4.1. Vulnerability and risk scores according to the physical infrastructure condition of cities
3.5. Environment

Since environmental issues such as energy, green areas, treatment, and infrastructure are
examined under previous headings, air/water quality, heat islands, and biodiversity in cities are
evaluated in this heading. These indicators are factors that have important effects on quality of
life and health conditions. If the environmental parameters of the cities do not meet the required
standards, climate vulnerability will increase. For this reason, determining the environmental
characteristics of the cities is very important both for their negative contribution to climate
change and for the reduction of climate effects (Tayanc et al., 2009; Lee &Van de Meene,
2013). Besides, urban environment indicators should be taken into account in monitoring their
future trends (Button, 2002).The distribution of cities by environmental vulnerability levels and
groups are shown in Figure 3.5.1.
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Figure 3.5.1. Vulnerability and risk scores according to the environmental condition of cities

3.6. Organizational Structure of Institutions

The institutionalization of urban adaptation practices to climate change is gradually becoming
widespread. Thus, despite prolonged failures in generating international responses to climate change,
the urban scale has started to become apparent that relatively concrete actions are possible. However,
current studies on this issue are largely based on case studies and policy analysis of local adaptive
responses in single cities (Button, 2002; Mukheibir & Ziervogel, 2007; Kay et al. 2018). More holistic
assessments show that the cross-systemic effects of both climates change itself and adaptation strategies
require that we coordinate policy responses across multiple cities (Bastin et al., 2019; Aylett, 2015). In
this respect, determining the level of institutional organization in the face of climate events of many
settlements is important in terms of understanding the level of organization of the cities in the same
country (Figure 8). The figure was created depending on whether municipalities have administrative
preparations for climate change, such as planning and management systems, adaptation strategy reports,
public awareness programs, collaborations with NGOs, funds, disaster warning systems. When cities
are analyzed under the Organizational Structure of Institutions heading, they are divided into 9 groups
in 4 different categories (Figure 3.6.1.).
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cities

3.7. Vulnerability and risk groups based on the total scores of cities from different sub- categories
Since the cities evaluated in this study have different characteristics, the scores they receive from each
subcomponent also change their distribution according to the vulnerability categories (Zhang, et al.,
2019). To evaluate the results of the cities with a holistic approach, it is necessary to analyze them
according to the sum of the scores they get from each subcomponent (Figure 3.7.1.).
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3.8. Evaluation of cities according to average total score connected to each sub-categories

Under this subtitle, mean values were taken for each sub-parameter of all cities and these parameters
were evaluated in terms of vulnerability (Figure 3.8.1.). According to the results obtained, The
Organizational Structures of Urban Institutions is determined to be the biggest factor that increases
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vulnerability to climate effects in terms of the majority of cities. This means that municipalities and
other stakeholders in these cities are not aware of the seriousness of the situation and have no action
plans.

However, in this context, the adequacy of the organizational structures of urban institutions constitutes
a basis for the success of all sub-parameter. Another problematic issue is the Built-Environment. For
this reason, especially municipalities have to take this into consideration in their new investments in
order to tolerate the negative effects of climate on cities.

It is an important parameter in terms of vulnerability to climate effects in the General Features of the
cities. It is almost impossible to change the geographical and ecological conditions of the city, which
was chosen as a settlement in the past. In addition, demographic and sectoral characteristics should be
taken into account in managing the process. In Figure 10, it is seen that the vulnerability rate that may
arise from the General Characteristics of the Cities is quite high in terms of the relevant cities. At the
very least, the situation should be taken into consideration when new city development plans are being
made.

After the above parameters, Environmental and Physical Infrastructure are followed respectively.
Physical Infrastructure is concerned with the competence of urban systems such as transportation,
communication, sewage, water, electricity, and natural gas. The environment is an expression of urban
characteristics such as wastes, biodiversity, clean water/air/soil, and climate. It is observed that the
Socio-Economic Status has the least vulnerability to climatic events among all urban sub-parameters.
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Figure 3.8.1. Evaluation of cities according to total score connected to each urban categories
4. CONCLUSION

To reduce urban vulnerability to climatic impacts, a new perspective is needed that can evaluate all
health, social, economic, physical, environmental, and political factors together (De Sherbinin et al.,
2007). In this context, actions at the level of governments are important, but municipalities have more
important roles in climate change mitigation and adaptation (Cash & Moser, 2000). Therefore, it is
imperative to implement action plans and policies based on urban vulnerability analysis for all global
environmental problems that cause negative effects such as improving urban conditions and health and
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reducing social inequality for urban authorities aiming to be a sustainable and healthy city. The correct
and effective implementation of these policies depends on benefiting from the results of the studies put
forward by scientific methods on the current status of the different components that make up the cities.
However, there are not enough studies about how this affects the climate of cities in Turkey (Balaban,
2012; Tayang, M., & Toros, 1997). In our study, it shows that the cities are quite weak in terms of
institutional and organizational structures.

In Turkey, it is negatively affected by climate change as many other countries, It also wants to contribute
to climate change efforts as a member of WHO-EHCN. When these 40 settlements are analyzed by
vulnerability categories, it is seen that they show distribution as HV: 0, MV: 5, LV: 32, and R: 3,
respectively. It can be considered optimistic that there are no settlements in HV and the number in MV.
However, the fact that the number of settlements in the LV category is very high, seems to be relatively
positive compared to others but indicates that urban dynamics will need to be further strengthened. The
desired situation in this process is the increase in the number of cities in the R category. When a general
evaluation of cities in terms of sub-parameters is made, it is seen that the biggest deficiency is in the
Organizational Structures of Urban Institutions (the basis for the success of all sub-parameter), followed
by General Characteristics of the Cities and Built-Environment, respectively. These results provide
general information about cities, but they are not sufficient to understand the strengths and weaknesses
of each city. Considering vulnerability assessments for each sub-parameter will contribute more to the
development of appropriate policies.
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Afetlerde saglik hizmetlerinin yonetildigi merkezlerin stratejik konumu, etkili acil durum yonetimi
acisindan kritik 6neme sahiptir. Bu arastirma, afet senaryolarinda saglik hizmetlerini yonetmek igin
gerekli olan temel nitelikleri inceleyerek altyapu, iletisim ve kaynak yonetimine vurgu yapmaktadir.
Caligmada, kamu sagliginin korunmasina yoénelik afet yonetimi hazirliklarinda model gelistirme
amaciyla uyarlanmisg bir nitel analiz ¢ergevesi kullanilmustir. Alti yiiksek-riskli afet senaryosunun
tematik analizi gerceklestirilmistir. Bu senaryolar, afet yanit1 sirasinda karsilasilan bir dizi zorlugu
kapsamaktir ve bu amagla 6zgiin olarak tasarlanmistir. Kirtlganliklar ile iletisimde olusabilecek
aksakliklar tizerinde durulmustur. Nitel analiz yaklagimiyla, ortak temalar belirlenmis, hedeflenen
sonuglarla uyumlu hale getirilmis, afetlerde saglik hizmetinin optimum kosullarda yonetilmesi
amaciyla, etkili unsurlar kapsamh sekilde incelenmis, nihai olarak model gelistirilmisitr. Ozellikle
depremlerde, saglik hizmetleri merkezlerinin suboptimal konumlanmis olmasi, beraberinde 6nemli
riskler getirmektedir. Senaryolar, acil durum yamitin1 engelleyen trafik sikigikligi, yapisal
kirtlganliklar ve sel gibi sorunlari 6ne ¢ikarmaktadir. Bu zorluklar, kaynak kithigina yol agmakta ve
kamu sagligt miidahalelerini karmagsik hale getirmekte, yiliksek riskli tesislere yakimlik ise ek
tehditler olusturmaktadir. Alti senaryonun analizi, altyap1 hasari, acil hizmetler tizerindeki baski,
iletisim hatalar1, erigim sinirlamalari ve ruh saghig: etkileri gibi ortak temalar1 ortaya ¢ikarmigtir.
Onerilen model, risk degerlendirmesi, altyapi iyilestirmeleri ve toplum katilimini vurgulamaktadir.
Dayanikliligim ve yanit etkinliginin artirilmast amaglamaktadir. Arastirmada, afet risklerini
azaltmak i¢in stratejik olarak yerlestirilmis saglik hizmetleri merkezlerine olan ihtiyaci
vurgulanmaktadir. Model, etkin afet yonetimi konusunda 6nemli 6ngoriiler sunmaktadir. Bulgularin
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casualty incident, evrensel Olgekte uygulanabilir olmast ve hazirlik stratejilerinin yaygmlastirilabilir olmast igin,
earthquake, flood, aragtirmalarin siirdiiriilmesi onerilmektedir. Modelin bilegenlerini temsil eden bir sema, paydaslarin
health services, anlayigin1 artirmak ve uygulamayr kolaylagtirmak amaciyla saglanmigtir. Yapilan literatiir
infrastructure, taramasinda, afetlerde saglik hizmetleri merkezlerinin konumunu ve kilit 6zelliklerini tanimlayan

communication,
strategic decision
analysis, resource
management, risk
assessment

bir kent modelinin ve buna ait bilesenlerin temsil edildigi bir semanin ilk kez sunuldugu sonucuna
varilmigtir. Bu bakis agistyla arastirma, onemli bir eksiklige dikkat cekmektedir.

Abstract

INTRODUCTION: The strategic location of headquarters for health services management
during disasters is critical for effective emergency response. This research examines essential
qualities necessary for managing health services in disaster scenarios, emphasizing
infrastructure, communication, and resource management. METHODS: This study utilized an
adaptive qualitative analysis framework to develop a model for public health preparedness
and disaster management, employing thematic analysis of six high-risk disaster scenarios.
These scenarios were deliberately selected to encapsulate a range of challenges encountered
during disaster response, with a particular emphasis on vulnerabilities and communication
breakdowns. The analytical approach was tailored to align with the specific themes and
intended outcomes of the study, facilitating a comprehensive exploration of the factors
influencing effective health service management in disaster contexts. RESULTS: The findings
illustrate significant risks associated with suboptimal headquarters location, particularly
during earthquakes. Scenarios highlighted issues such as traffic congestion, structural
vulnerabilities, and flooding that impede emergency response. These challenges lead to
resource shortages and complicate public health interventions, while proximity to high-risk
facilities poses additional threats. DISCUSSION: Analysis of the six scenarios revealed
common themes: infrastructure damage, strain on emergency services, communication
failures, access limitations, and mental health repercussions. The proposed model emphasizes
risk assessment, infrastructure improvements, and community engagement to enhance
resilience and response efficacy. CONCLUSIONS: This research emphasizes the need for a
strategically located headquarters for the management of health services, to mitigate disaster
risks. While the model offers insights into effective disaster management, its findings are not
universally applicable, necessitating further research to refine preparedness strategies in
varied contexts. A diagram representing the model’s components is provided to enhance
stakeholder understanding and facilitate implementation. This original research study, in
conclusion, identifies the primary role of location and essential characteristics of main office
operation centers in health services management during disasters. In this regard, the article
highlights a significant gap, presenting for the first time a city model that describes these
aspects along with a diagram representing its components.

1. INTRODUCTION

The main headquarters (HQ) for managing health services in emergencies should possess several key
attributes. A strategic location is crucial for ensuring easy accessibility by emergency response teams.
The HQ should be situated near affected areas to facilitate rapid assessments and deployment. A sturdy
and resilient infrastructure and trans-disciplinary research to enhance health systems’ disaster readiness
is advocated in earlier research. The urgent need for effective prevention and preparedness in the face
of increasing natural hazards and their significant economic and life impacts (Shover, 2007). The HQ
must ensure well-established foundation, reliable and effective communication systems, addressing the
urgent need for improved health system readiness and disaster response, especially in the face of
increasing natural hazards. The central HQ responsible for overseeing health services during
emergencies should have several essential characteristics.

Comprehensive communication systems are crucial, as advanced communication tools enable effective
coordination with various agencies, health personnel, and the public during emergencies. Effective
communication is vital in disaster management. Studies highlight the importance of a clear command
structure to optimize resource use, identify persistent communication failures that hinder casualty
management and responder safety, and emphasize the need for improved training and local readiness
through disaster drills to enhance health system resilience (De Cauwer et al., 2023; Shover, 2007;
Watson et al., 2012).
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The HQ should be staffed with trained professionals and skilled personnel who specialize in emergency
management, public health, logistics, and communication to ensure a competent response. One study
found that United States (U.S.) military health care personnel involved in global health missions
exhibited moderate preparedness for disaster management, with various factors influencing their
readiness (King et al., 2019), while a review highlighted the need for improved disaster preparedness
among nurses in developing countries, emphasizing the importance of structured educational programs
and training to enhance their competencies (Songwathana & Timalsina, 2021).

The premises of a disaster medical services HQ must possess advanced data management capabilities,
comprising systems for the collection, analysis, sharing and dissemination of health data. These
capabilities are essential to support informed decision-making processes. A scoping review highlights
the critical role of public health emergency operations centers in managing public health crises,
emphasizing the necessity of effective data management for operational efficiency and decision-making
(Allen & Spencer, 2023). A study on Hurricane Maria emphasizes the importance of integrating
meticulous data collection and visualization systems into disaster preparedness (Kress et al., 2022).
Lessons from the SARS-CoV-2 pandemic further reveal the need for safeguarding data integrity amid
emergencies (Black, Moncada, & Herstad, 2021). A proposed framework for geographically distributed
data management aims to enhance response times and data analysis across multiple centers as data
volumes increase (Emara et al., 2023).

Flexibility and adaptability are crucial. The structure must be able to quickly adjust to changing
circumstances and emerging needs in response to crises. Effective resource management is vital, and
the facility should implement efficient inventory management systems for medical supplies, equipment,
and personnel to ensure optimal operation. Collaboration facilities are necessary. Spaces must be
provided for joint operations with other agencies and stakeholders to enhance teamwork and
coordination in emergency response efforts. The inclusion of training and simulation areas is essential
for ongoing training, to enable staff to prepare for various emergency scenarios and to ensure readiness
when crises arise. Public health expertise entails access to epidemiologists and public health officials
who can provide guidance on health interventions based on the latest data and evidence. A review
highlights the urgent need to assess nations’ readiness for public health emergencies (Haeberer et al.,
2021), while an article discusses the increasing complexity and financial challenges that hinder agencies
from responding effectively, emphasizing that the aforementioned features and indispensable
characteristics are paramount for the HQ to coordinate health services and manage emergencies swiftly
and efficiently (Chiang et al., 2020). These critical attributes ensure that the HQ can competently
coordinate health services and respond to emergencies (Table 1).

Table 1. Key attributes for the main headquarters for managing disaster medical services in public health
emergencies.

Criteria Description

Strategic location Easily accessible for emergency response teams, close to affected areas for
rapid deployment.

Robust infrastructure Reliable utilities such as electricity, water, communication systems to
ensure effective operation during crises.

Comprehensive Advanced tools for coordinating with agencies, health personnel, and the

communication systems public.

Skilled personnel Staffed with trained professionals in emergency management, public health,

logistics, communication.
Data management capabilities | Systems for collecting, analyzing, and sharing health data to inform
decision-making.

Flexibility and adaptability Ability to quickly adjust to changing circumstances and emerging needs.

Resource management Effective inventory management systems for medical supplies, equipment,
and personnel.

Collaboration facilities Spaces for joint operations with other agencies and stakeholders to enhance

teamwork and coordination.
Training and simulation areas | Facilities for ongoing training and simulations to prepare staff for various
emergency scenarios.
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Public health expertise Access to epidemiologists and public health officials to guide health
interventions based on the latest data.

This study aims to identify and delineate the essential qualities that a primary HQ should possess for the
effective management of health services during disaster situations. The objective of this study is
distinctly original. In pursuing this goal, the research addresses a notable gap in the existing literature
on disaster management. The methodology consisted of several distinct phases, including the
examination of empirical case studies and events, the development of case scenarios for pedagogical
elucidation, qualitative data collection, thematic analysis, and the construction of theoretical models.

2. METHODS

This research utilized qualitative analysis to construct a public health services preparedness and disaster
health management model, focusing on the essential qualities required for the main HQ managing health
services during disasters. The study employed a qualitative analysis method that has been adapted to
align with the theme and intended outcome. The methodology involved distinct phases such as case
scenario selection, qualitative data collection, thematic analysis, and model construction.

2.1 Case Scenario Selection

The research began with an analysis of empirical disaster events, followed by the development of six
high-risk case scenarios, each illustrating distinct facets of disaster management. These formulated
scenarios were based on historical data and expert opinions regarding vulnerabilities in disaster health
management. The selected scenarios included large-scale earthquake in an urban environment, flooding
in a low-lying area, biological outbreak following a disaster, fire in a high-density residential area,
terrorist attack involving mass casualties, chemical spill near a health care facility.

The scenarios were chosen to encompass a range of potential disasters, ensuring a comprehensive
exploration of the qualities necessary for effective health service management.

2.2 Thematic Analysis

The qualitative analysis focused on examining the six high-risk case scenarios to identify essential
qualities for effective disaster management HQ. The analysis was conducted using a thematic analysis
approach, adapted from Braun and Clarke, 2006 (Braun & Clarke, 2006). Familiarization involved the
researcher thoroughly reviewing each case scenario to analyze the context and determine key elements
presented. Initial coding followed, where the scenarios were systematically analyzed using an inductive
process to identify significant features and recurring patterns, allowing for flexibility in capturing
various disaster management aspects. Theme development emerged as the generated codes were
grouped into broader themes that represented the qualities essential for an effective disaster management
HQ. Review and refinement were conducted in the final stage, to ensure the coherence and relevance of
the identified themes, with the investigator cross-checking them against the case scenarios to validate
their alignment and refining them for enhanced clarity and applicability. This thematic analysis led to
the formulation of a comprehensive model highlighting the critical qualities required for disaster health
management, drawing directly from the insights gained through the detailed examination of the case
scenarios.

2.3 Model Construction

A conceptual model of public health services preparedness and disaster health management was
developed based on key themes identified from the scenarios. The model emphasizes mapping the risk
components to understand vulnerabilities and resource needs. It uses six high-level risk scenarios to
illustrate potential challenges and responses in order to pinpoint recurring themes in earthquake risks
and health care access, such as infrastructure damage and communication breakdowns. The model
includes components such as strategic location, infrastructure resilience, effective communication
systems, resource management, training and simulation, and collaboration with community
organizations. A diagram visually represents the interconnections among these elements, enhancing
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understanding and communication among stakeholders involved in disaster health management
planning and implementation (Figure 2).

2.4 Ethical Considerations

The research adhered to ethical guidelines for qualitative original research articles by confirming that
the case scenarios were specifically and uniquely created by the researcher. This reflects a commitment
to originality and ethical integrity. The investigator maintained transparency regarding the study’s
objectives and methodologies. The development and use of these scenarios were conducted with
scholarly rigor.

2.5 Limitations

While the research methodology offers rich insights, the findings are not completely generalizable due
to the absence of study participants or empirical phenomena, as the research relied solely on created
scenarios. Future research is expected to build on this study by incorporating guantitative measures,
exploring additional disaster scenarios, and integrating data from drills and empirical outcomes to
enhance understanding.

This methodological framework lays the groundwork for developing an applicable model aimed at
improving the preparedness of health services in disaster situations, ultimately striving to enhance
outcomes for affected populations. The aim of this study is notably original, addressing a gap in the
existing literature on disaster management, and the methodology employed is both innovative and
creative.

3. RESULTS

The case examples demonstrated in this article illustrate failures resulting from an incorrectly located
health services HQ during a large-scale earthquake in a metropolitan area that serves as the financial
and cultural heart of the country. Traffic congestion arises because the HQ is situated in a crowded
downtown area where critical access routes become blocked by debris, preventing emergency vehicles
from reaching the facility and delaying medical assistance to injured individuals. The HQ, positioned in
a seismically vulnerable zone, additionally suffers significant structural damage during the earthquake,
rendering it unusable and hampering emergency operations and coordination of health services. Limited
accessibility occurs as the facility is on a narrow street that quickly becomes inaccessible due to fallen
buildings, making it difficult for first responders and medical personnel to reach the HQ and resulting
in a backlog of patients needing immediate care. Located in a high-risk area, the HQ is furthermore cut
off from supply routes due to landslides, leading to critical shortages of essential medical supplies and
equipment that undermine response efforts citywide. Public panic escalates as the HQ is near cultural
landmarks, drawing crowds seeking help, which creates chaos and complicates triage efforts. Delayed
communication follows, as the HQ is in an area where communication networks are easily disrupted,
preventing timely information dissemination about available medical services and leaving many
unaware of where to seek help. Inadequate evacuation routes also present a concern. If the HQ is ina
low-lying area prone to flooding, aftershocks could isolate the building, preventing safe transport of
patients and personnel and resulting in unnecessary loss of life. As the city’s heart, the location of the
HQ can divert attention from other critical facilities, and if it fails to operate effectively, nearby hospitals
and clinics may become overwhelmed, leading to a cascade of failures in the health care system and
significant losses across the metropolitan area. These examples emphasize the crucial importance of
strategically locating emergency response facilities in order to minimize losses during a disaster.

3.1 Mapping the Risk Components

High-risk buildings have the potential to cause significant harm not just to people, but also to the
surrounding environment, making their resilience critical in earthquake-prone areas. They primarily
pose threats to the community and the environment during earthquakes. Chemical and hazardous
material facilities pose a risk of dangerous spills or explosions if damaged, as they store or process toxic
chemicals. Landfills and waste management sites can experience compromised containment systems
during earthquakes, potentially releasing contaminants into the environment. Oil refineries and storage
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tanks have the potential to leak or explode, leading to fires and environmental contamination. Structural
failures in dams and water reservoirs can result in catastrophic flooding, impacting communities
downstream. Sewage treatment plants, if damaged, may release untreated sewage into water systems,
posing significant health risks. Agricultural facilities, such as silos and processing plants, can disrupt
food supply chains and lead to the loss of agricultural products.

Damage to public transportation routes and terminals, like train stations or bus depots, can additionally
hinder emergency responses and evacuations, compromising community safety. A variety of high-risk
objects that criminals use for arson are present in the HQ settlement or campus. These items are often
chosen for their flammability or ability to create significant fire hazards and include old vehicle tires,
gasoline and other flammable liquids, propane tanks, aerosol cans, wood pallets and crates, chemical
containers, fireworks, and paper and cardboard.

Stray city dogs are typically well-fed, but during times of food scarcity, such as after an earthquake or
other disasters, they can become dangerously hungry.

A maximum-security prison poses a significant risk of escape and public safety threats if its structural
integrity is compromised during a large-scale earthquake. Located near the HQ settlement, the prison is
well-protected under normal circumstances, but if the wall collapses during a large-scale earthquake,
prisoners may escape and pose a threat to the public, the casualties, and the medical staff, potentially
leading to violent incidents.

3.2 Six High-Level Risk Case Scenarios
Six high-level risk case scenarios illustrate how the wrong location of a health services HQ could lead
to significant losses in a metropolitan area after a large-scale earthquake (Figure 1).

HIGH-LEVEL RISK
CASE SCENARIOS

MEDICAL
951?—“ ... SEp,
oV

Verda Tunalgil

Figure 1. An illustration of risks indicating potential losses resulting from the improper positioning of
health services headquarters following an earthquake.
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3.2.1 High-Level scenario 1: Chaos and resource strain

After an earthquake, the risks include severe traffic congestion, public panic, overcrowding, trapped
vehicles, resource strain, and stray dogs. In the immediate aftermath, widespread fear drives people to
evacuate buildings, leading to gridlock that hinders emergency responders. Many individuals become
stuck in their cars, amplifying urgency and chaos as crowds gather in search of safety. Emergency
services face overwhelming demand, with numerous injured or traumatized individuals. The presence
of street animals, typically well-fed in urban environments under normal circumstances, may become a
concern post-earthquake, as their hunger drives them to seek food aggressively in the days following
the event. This behavioral shift introduces an additional layer of unpredictability and potential danger,
complicating rescue operations in an already chaotic environment. A mix of delays, overcrowding, and
stray animals complicates rescue efforts and heightens risks for all involved.

The risk components include traffic chaos and delays, public panic and overcrowding, trapped vehicles,
resource strain, and the presence of stray dogs.

The impact entails impaired emergency response, increased injuries, psychological stress, complicated
rescue operations, and the potential for additional conflicts.

This scenario emphasizes the critical need for effective disaster preparedness and response strategies to
manage chaos and ensure the safety of both individuals and emergency responders in the aftermath of
an earthquake.

3.2.2 High-Level scenario 2: Structural collapse and security threats

When an earthquake strikes, it precipitates catastrophic structural collapse at the HQ, leading to dire
consequences. The violent tremors cause buildings to crumble, trapping both staff and patients inside.
In the midst of this chaos, prisoners escape from a nearby facility, heightening panic and fear within the
community. Their presence not only intensifies public anxiety but also complicates rescue operations,
as responders must navigate the dual crisis of rescuing those trapped while also addressing the potential
threat posed by escaped inmates. As news of the disaster spreads, families and onlookers are engulfed
in fear for their loved ones' safety. The situation reveals how natural disasters can severely undermine
structural integrity and human behavior, creating a complex web of security threats that complicates
recovery efforts. This crisis underscores the urgent need for preparedness and effective response
strategies to protect both lives and community stability in the face of such overwhelming challenges.

The risk components include structural collapse of the HQ, threat posed by escaped prisoners,
compromised rescue efforts and equipment, safety of patients, and heightened public fear.

The impact involves trapped individuals facing life-threatening conditions, overwhelmed emergency
responders, escalating public fear, delays in rescue operations, and community unrest and uncertainty.

This multifaceted crisis illustrates the far-reaching impacts of a natural disaster, where every element,
be it structural integrity or human behavior, can dramatically alter the outcome for those affected.

This harrowing scenario emphasizes the urgent need for comprehensive emergency planning that
addresses not only structural safety but also the management of potential secondary threats to ensure the
safety and well-being of all individuals during a disaster.

3.2.3 High-Level scenario 3: Communication breakdown and fire risk

In the event of an earthquake, significant hazards arise, including communication breakdowns and fire
risks. Poor communication within the HQ prevents crucial supply information from being relayed,
leading to a disorganized response. The chaos increases security threats, particularly around flammable
materials stored in the facility. This volatile situation complicates efforts to coordinate with emergency
services, leaving staff and patients vulnerable. The likelihood of significant fires escalates,
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overwhelming already stretched emergency responders. Panic spreads among those trapped inside as
they confront these threats.

The risk components include communication breakdowns, fire risk, disorganized response, vulnerability
of staff and patients, and chaos from escalating dangers.

The impact entails ineffective resource allocation, increased likelihood of fire spreading, overwhelming
challenges for emergency responders, heightened panic among those trapped, and compromised safety
and security.

This scenario highlights the critical importance of effective communication during emergencies, as its
breakdown can exacerbate risks and hinder timely responses, endangering lives and complicating
recovery efforts.

3.2.4 High-Level scenario 4: Flooding and neglect of resources

In a chaotic scenario of simultaneous flooding and an earthquake, significant hazards emerge, such as
structural damage to the HQ and the flooding of essential resources. The earthquake compromises the
HQ’s integrity and triggers nearby flooding, isolating patients and staff inside while other facilities
remain unutilized. As floodwaters rise, trapped individuals face drowning threats and fear from stray
dogs. Focus on rescuing those within the HQ neglects alternative care options, overwhelming emergency
responders. With panic escalating, staff struggle to care for patients amid these dangers, while
inaccessible nearby facilities leave many without crucial support.

The risk components include structural damage to the HQ, inundation of critical resources, presence of
stray dogs, limited access to alternative care facilities, and strained emergency response.

The impact involves the immediate threat of drowning for trapped individuals, panic among staff
complicating patient care, neglected alternative care options, escalating fear and chaos diminishing
morale, and an overall hindered emergency response leading to delayed assistance and greater loss of
life.

This crisis situation highlights the need for comprehensive emergency preparedness that addresses
multiple hazards for effective responses.

3.2.5 High-Level scenario 5: Public panic and communication gaps

In the aftermath of an earthquake, the situation is filled with challenges and hazards that can escalate
quickly. Buildings may collapse, trapping individuals and causing panic, while essential services like
electricity, water, and communication are disrupted. Evacuations overwhelm emergency response
teams, and shelters become overcrowded, complicating care for the injured. Communication failures
hinder the flow of crucial information about resources and evacuation procedures. Secondary hazards,
such as ruptured gas lines and unstable structures, add to the danger.

The risk components include structural damage to the HQ, inundation of critical resources, limited
access to alternative care facilities, and strained emergency response.

The impact involves the immediate threat of drowning for trapped individuals, panic among staff
complicating patient care, neglected alternative care options, escalating fear and chaos diminishing
morale, and an overall hindered emergency response leading to delayed assistance and greater loss of
life.

Effective coordination among emergency services is essential to address the needs of those affected,
highlighting the importance of preparedness and resilience in facing such disasters.

3.2.6 High-Level scenario 6: Evacuation failures and arson threats

In an earthquake, evacuation challenges and the threat of arson from escaped prisoners create a
dangerous situation. Structural failures impede the safe movement of patients and staff, complicating
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evacuation efforts. If a nearby maximum-security prison's wall collapses, inmates could escape, posing
serious risks to the public and rescue personnel. This chaos may lead to arson using hazardous materials,
endangering trapped patients and emergency responders. The combination of blocked evacuation routes,
unpredictable prisoner behavior, and fire risks makes the situation highly volatile, highlighting the
urgent need for effective emergency plans to address these complexities and protect everyone involved.

The risk components include evacuation complications, threat from escaped prisoners, potential for
arson, violent confrontations, and compromised emergency response.

The impact involves increased risk of injury or fatalities among trapped individuals, heightened danger
for emergency responders, delayed evacuation efforts, escalation of chaos and fear within the
community, and overall strain on emergency services.

This emphasizes the urgent need for comprehensive emergency plans that account for such complexities,
ensuring that all potential risks are addressed effectively to safeguard both those in need of care and the
responders risking their lives to help them.

4. DISCUSSION

A central HQ for disaster health services must prioritize robust infrastructure and effective
communication to enhance health system readiness and response. Given the increasing frequency of
natural hazards, the HQ should not only manage health services during emergencies but also strengthen
system resilience. Key features include strict building codes and strategically located facilities to
minimize vulnerabilities, as many existing hospitals are not designed to withstand significant
earthquakes, raising injury risks (Peleg, Reuveni, & Stein, 2002). The HQ must additionally facilitate
swift medical responses, including the rapid deployment of field hospitals, as local medical staff may
be overwhelmed. Regular training exercises and effective communication systems are vital for
coordinated response efforts. The psychological impact of disasters, especially on children, emphasizes
the need for mental health support for victims and rescue teams. Innovative logistics models can further
optimize disaster response. A humanitarian relief logistics model can minimize costs, address personnel
shortages, and reduce evacuation failures, effectively managing resource distribution and victim
evacuation (Ghasemi, Goodarzian, & Abraham, 2022). A well-equipped and strategically designed HQ
for disaster health services management is essential. Health system resilience and response can be
significantly improved in the face of increasing natural hazards. This improvement depends on strong
infrastructure, effective communication, and comprehensive preparedness strategies.

Effective management of health services during emergencies requires strategic planning and specific
attributes for the HQ overseeing these operations. Key elements include a strategic location for quick
access by emergency teams, robust infrastructure to ensure utilities function reliably, and advanced
communication systems for coordination among agencies and the public. The increasing vulnerability
to natural disasters necessitates multidisciplinary research to strengthen disaster readiness. A
2011disaster report highlights the significant loss of life and economic impact caused by natural
disasters, which have increased in frequency since the 1970s, drawing attention to the critical need for
effective disaster preparedness (Guha-Sapir, Vos, Below, & Ponserre, 2011; Watson et al., 2012).
Communication failures have historically impeded effective emergency response, as shown in a review
of incidents from 1995 to 2017, which found that inadequate training, outdated equipment, and damaged
infrastructure persist despite previous lessons learned. This emphasizes the necessity for improved
resources and training in emergency services (De Cauwer et al., 2023). Enhancing local health system
resilience hinges on educating health care professionals through local disaster drills (Watson et al.,
2012). Employing skilled professionals in emergency management, public health, and logistics is vital.
A study assessing U.S. military health care personnel revealed moderate preparedness levels influenced
by factors such as disaster training and experience (King et al., 2019). In developing countries, health
care workers often demonstrate inadequate preparedness for disasters, emphasizing the need for
enhanced training and educational resources (Songwathana & Timalsina, 2021).
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Sophisticated data management systems are critical for effective decision-making during crises. A
scoping review stated that public health emergency operations centers must prioritize robust data
management capabilities to optimize functionality (Allen & Spencer, 2023). Lessons from Hurricane
Maria emphasize integrating data management into disaster preparedness and developing flexible
systems to handle unforeseen challenges (Kress et al., 2022). The COVID-19 pandemic further revealed
vulnerabilities in data management, necessitating strategies for secure data safeguarding and integrity
during emergencies (Black et al., 2021). Lastly, a framework for geographically distributed data
management aims to enhance large-scale data analysis, addressing storage and processing challenges in
emergency contexts (Emara et al., 2023).

A review highlighted the importance of assessing countries’ preparedness for public health emergencies,
especially following recent disease crises. The study evaluated 12 existing assessment tools, using a
framework to gauge their effectiveness and utility. While there was general agreement on key elements
of preparedness, the tools varied significantly in their focus, assessment methods, and user-friendliness.
The study concluded that improvements are needed in these assessment tools, as well as in applied
research to identify valid indicators of system response capabilities (Haeberer et al., 2021). An article
discussed the increasing complexity and cost of public health emergencies in the U.S., which often
overwhelm agencies designed for routine health functions. It highlighted the unpredictability of
emergencies and the challenges in preparing staff for rapid response due to resource limitations and lack
of real-world data linking preparedness to outcomes. The study suggested metrics for emergency
managers to consistently assess agency preparedness, positioning the framework as a valuable
complement to existing preparedness strategies in public health agencies (Chiang et al., 2020).

4.1 Recurring Themes in Earthquake Risks and Health Care Access in a Six-Scenario Analysis
The qualitative analysis includes a detailed breakdown of the recurring themes related to earthquake
risks and health care access across the six scenarios. The themes collectively emphasize the need for a
holistic approach to disaster preparedness in urban health care systems. Comprehensive planning must
consider not only the physical infrastructure but also the interconnectedness of emergency services,
communication systems, resource management, and mental health support. This understanding can
guide the development of strategies aimed at improving resilience and response effectiveness in the face
of natural disasters (Table 2).

Table 2. A structured summary of the qualitative analysis of recurring themes related to earthquake
risks and health care access across six high-risk case scenarios, outlining the themes, implications, and
modeling approaches.

Theme Description Examples Implication Modeling Components
Approach
Infrastructure Vulnerability | Structural Shortage of Risk GIS for
damage of health care | damage and care facilities, | assessment analysis;
facilities. collapse risks. | poor patient model scoring system
outcomes. for facility
risks.
Emergency Overload of Delays in Increased Emergency Centralized
services strain emergency ambulance mortality due | response command
services. responses. to delayed coordination system; regular
care. model training drills.
Communication Failures in Disrupted Poor Communicati | Backup
breakdowns communicatio | lines hinder decision- on communication
n systems. collaboration. | making and infrastructure | channels;
resource model public
allocation. information
strategies.
Access limitations | Barriers to Transportation | Untreated Infrastructure | Seismic
accessing issues; conditions enhancement | retrofitting;
care. evacuation worsen public | model establishment
challenges. health crises. of temporary
facilities.
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Resource Shortage of Overcrowded | Preventable Resource Real-time
shortages medical hospitals; deaths and management inventory
resources. supply delays. | reduced care | model tracking;
quality. mutual aid
agreements.
Mental health Psychological | Increased Neglect of Mental health | Training for
impacts effects post- demand for mental health | preparedness | responders;
earthquake. mental health | complicates model public
services. recovery. education on
mental health
resources.
Community Building Workshops Enhances Community Preparedness
engagement and community and readiness and | engagement workshops;
resilience preparedness. | community response and resilience | local support
initiatives. capability. model networks.

4.1.1. Infrastructure damage

Each scenario highlights the vulnerability of health care infrastructure to the direct and indirect impacts
of an earthquake, demonstrating how such events can severely compromise medical services. In
Scenario 1, for instance, hospitals experience structural damage that significantly reduces their capacity
to care for patients. In Scenario 5, the existing issues of overcrowding and outdated seismic codes
heighten the risk of collapse for high-rise medical facilities. The cumulative effect of these damages
results in a critical shortage of available care facilities, which not only jeopardizes patient outcomes but
also undermines the overall resilience of the health care system in the face of natural disasters.

4.1.2. Emergency services strain

A common theme across multiple scenarios is the overwhelming of emergency services in the aftermath
of a disaster. In Scenarios 1, 2, and 3, the reports of overloaded emergency dispatch systems highlight
critical delays in ambulance responses and insufficient triage capabilities. This strain on resources not
only hampers the delivery of timely care but also exacerbates mortality rates, as the chaos following a
disaster makes it increasingly difficult for emergency services to effectively respond to the needs of the
affected population.

4.1.3. Communication breakdowns

The failure of communication systems emerges as a recurrent issue that complicates coordination among
hospitals and emergency responders during crises. Scenarios 1 and 4 specifically illustrate how power
outages and infrastructure damage can sever communication lines, obstructing effective collaboration.
This breakdown hinders real-time decision-making and resource allocation, ultimately undermining
patient care and recovery efforts in the wake of a disaster, when swift and coordinated responses are
crucial.

4.1.4. Access limitations

Physical barriers to accessing health care facilities pose a significant concern across all scenarios.
Scenario 2, for instance, illustrates how transportation disruptions make many clinics inaccessible, while
Scenario 6 highlights evacuation challenges that particularly affect vulnerable populations. These
obstacles can result in untreated medical conditions, exacerbating public health emergencies as patients
struggle to reach essential care when they need it most.

4.1.5. Resource shortages

Many scenarios emphasize a critical lack of essential medical resources, including personnel,
equipment, and supplies. For example, Scenario 3 notes that hospitals become overcrowded with both
physical and mental health patients, significantly stretching available resources. Additionally, Scenario
2 highlights delays in the delivery of medical supplies, further limiting treatment options. These resource
shortages can result in preventable deaths and a decreased quality of care, placing additional strain on
already overwhelmed health systems during times of crisis.

275



Key Location Attributes of Disaster Medical Services Headquarters: Developing an Urban Health Care Disaster Preparedness Model
Afetlerde Saglik Hizmetleri Merkezinin Konumu ve Kilit Ozellikleri: Kent Modelinin Gelistirilmesi

4.1.6. Mental health impacts

The psychological effects of an earthquake are prominently emphasized, particularly the surge in mental
health issues that follow such disasters. For instance, Scenario 3 highlights the mental health crisis that
ensues, where the increased demand for services far exceeds available capacity. This strain not only
leads to immediate challenges but can also create long-term mental health issues within the community.
Neglecting these mental health needs can result in a cycle of worsening outcomes, further complicating
the recovery process and placing additional burdens on already strained health care systems.

4.2 Modeling Approach and Methodological Framework

The terms “frameworks,” “approaches,” “methodologies,” and “models” differ significantly. An
“approach” is a broad strategy for achieving a goal, while a “methodology” outlines specific methods
for problem-solving. A “framework” offers guidance and proven practices for developing
methodologies, and a “model” is a simplified representation that aids understanding and analysis (Gale
et al., 2013; McMeekin et al., 2020).

99 ¢

To develop effective solutions for disaster preparedness in urban health care systems, a modeling
framework can be used that incorporates the identified themes and potential interventions. This
framework will outline strategies to enhance resilience against earthquake risks, improve health care
access, and streamline emergency responses (Table 2). By implementing these models, urban health
care systems can significantly improve their preparedness for earthquakes. This structured approach will
facilitate better access to care, enhance emergency responses, and ultimately save lives during and after
a disaster. Regular evaluations and updates to the models based on evolving risks and community needs
will ensure ongoing effectiveness and resilience.

The aim of a “risk assessment model” is to identify and prioritize earthquake-related risks in urban areas
using Geographic Information Systems (GIS) to analyze fault lines, building vulnerabilities, and
population density. Despite the key advantages of GIS integration, including improved resource
allocation and enhanced emergency response, challenges such as data quality and the need for real-time
adjustments highlight the necessity of integrating GIS technology with public health strategies to bolster
disaster management and community resilience amid urbanization and seismic risks (Tunaligil, 2024).
A risk scoring system will also evaluate facilities based on structural integrity, historical performance,
and current capacity, facilitating targeted interventions and resource allocation. The purpose of an
“infrastructure enhancement model” is to strengthen health care facilities against earthquakes. This
involves prioritizing seismic retrofitting for hospitals and clinics based on risk assessments to ensure
structural resilience. Establishing temporary clinics and mobile units will additionally diversify health
care access and meet community health needs in the aftermath of a disaster. The goal of an
“infrastructure enhancement model” is to strengthen health care infrastructure against earthquakes by
prioritizing seismic retrofitting for hospitals and clinics based on risk assessments. Diversifying health
care access through temporary clinics and mobile units will also ensure community health needs are met
in the aftermath of a disaster. The objective of an “emergency response coordination model” is to
enhance coordination among emergency services and health care providers during disasters. This
involves creating an Integrated Incident Command System for real-time collaboration among hospitals,
emergency services, and public health officials, alongside regular training simulations to improve
response times and familiarize stakeholders with emergency protocols. To ensure effective
communication during disasters, a ‘“communication infrastructure model” emphasizes the
implementation of redundant systems, such as satellite phones and two-way radios, for reliable
connectivity. Developing clear public information strategies is crucial for informing the community
about resources, evacuation plans, and health care access, significantly improving emergency response
and resilience. A “resource management model” focuses on optimizing resource allocation before and
after a disaster. Key strategies include implementing inventory management systems for real-time
tracking of medical supplies and personnel, and establishing mutual aid agreements among health care
facilities for sharing essential resources during emergencies. These measures enhance efficiency and
responsiveness in crisis situations. To integrate mental health services into disaster preparedness, a
“mental health preparedness model” prioritizes two components. The first is training first responders to
recognize and address mental health crises. The second is launching community awareness programs to
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inform residents about available mental health resources and coping strategies. These initiatives together
support a holistic approach to disaster preparedness. A “community engagement and resilience model”
aims to build community resilience through preparedness and awareness by hosting workshops on
emergency preparedness and establishing resilience networks. These actions empower residents with
essential skills and foster social connections, equipping communities to respond effectively during
crises.

The disaster preparedness framework relies on a strategic, phased approach that targets high-risk areas
identified through risk assessments. This staged rollout allows for effective resource allocation and
focused efforts. A reliable feedback loop will help us learn from drills and real events, ensuring our
plans evolve with practical experiences. Collaborating with local governments, health care providers,
and community organizations is essential for comprehensive planning and resource sharing, enhancing
overall resilience and readiness. These elements together create a dynamic framework that prepares us
for the unexpected and strengthens our collective response and recovery capabilities.

4.3 Diagram Structure

A flowchart or diagram that illustrates the interconnected components and their relationships is
presented in this article to visualize the modeling for disaster preparedness in urban health care systems.
This model should be regarded as a prototype, warranting further refinement and adaptation to enhance
its applicability in diverse contexts. Continuous evaluation and iterative improvements are essential to
ensure its effectiveness in addressing the dynamic challenges posed by urban health crises.

4.3.1. Title
“Urban Health Care Disaster Preparedness Model”

4.3.2. Central node
Urban health care preparedness is the main focus of the diagram.

4.3.3. Surrounding nodes
These branch out from the central node.
o The “risk assessment model” using GIS provides effective risk scoring.
e The “infrastructure enhancement model” focuses on seismic retrofitting and diversification of
facilities.
o The “emergency response coordination model” includes an integrated command system and
training simulations.
e The “communication infrastructure model” emphasizes redundant communication systems and
public information systems.
e The “resource management model” incorporates inventory management systems and mutual aid
agreements.
o The “mental health preparedness model” includes mental health training and community
awareness initiatives.
e The “community engagement and resilience model” involves community preparedness
workshops and resilience networks.

4.3.4. Connections
Arrows may be drawn to indicate relationships and interactions between models. In the proposed
framework, several models are interconnected to illustrate their relationships and interactions (Figure
2).
o The “risk assessment model” is linked to the “infrastructure enhancement model,” indicating
that the insights gained from risk assessments play a crucial role in informing necessary

upgrades to infrastructure.
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o The “emergency response coordination model” additionally connects to the “resource
management model,” demonstrating that effective coordination during emergencies heavily
relies on the availability and management of resources.

o The “mental health preparedness model” is further associated with the “community engagement
and resilience model,” emphasizing the significance of community involvement in the success
of mental health initiatives. These connections highlight the collaborative nature of these models
and their collective contribution to enhancing overall resilience and preparedness.

4.3.5. Additional features

Color coding can be employed to use different hues for each model, allowing for easy visual
differentiation. Icons and symbols should be incorporated to enhance understanding, using relevant
imagery such as hospital symbols for health care models and gear icons for management frameworks.
Legends and notes are also important; including a brief explanation of key components or relationships
can provide additional clarity and ensure that viewers fully grasp the information presented.

4.4 Example Layout for Modeling

The following diagram will provide a clear, visual representation of the complex interactions among
various components of the disaster preparedness model, facilitating understanding and communication
among stakeholders involved in planning and implementation.

Based on the identified themes, a conceptual model of public health services preparedness and disaster
health management was developed. This model integrates the essential qualities derived from the
qualitative analysis, emphasizing the key components.

4.4.1. Mapping the risk components
The model identifies and maps the critical risk factors associated with disaster scenarios, providing a
framework for understanding vulnerabilities and resource needs.

4.4.2. Six high-level risk case scenarios
Each component is informed by the analysis of six high-level risk scenarios, which serve as case studies
to illustrate potential challenges and the necessary responses in disaster situations.

3.4.3. Recurring themes in earthquake risks and health care access
The analysis revealed recurring themes related to earthquake risks and health care access, highlighting
common challenges such as infrastructure damage, communication breakdowns, and resource shortages.

The model specifically highlights several key elements essential for effective disaster management. It
primarily emphasizes the “strategic location” of HQ to ensure optimal access and visibility during
emergencies. It also emphasizes “infrastructure resilience,” advocating for buildings designed to
withstand disaster impacts and featuring redundancy for essential utilities. “Effective communication
systems” are crucial, facilitating timely information dissemination and coordination among various
agencies involved in disaster response. “Resource management” frameworks are provided to efficiently
track medical supplies and personnel, streamlining operations. The model incorporates “training and
simulation” facilities dedicated to ongoing training and preparedness drills for staff, also stressing the
importance of “collaboration and community engagement,” promoting partnerships with local
organizations and communities to foster a coordinated response (Figure 2).
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Figure 2. A diagram illustrating the essential characteristics influencing the strategic placement of
disaster medical services in urban settings, highlighting their role in effective emergency response and
health care delivery during disasters.

The final model is visually represented in a diagram, illustrating the interconnections among these
components. This visual representation aids in enhancing understanding and communication among
stakeholders involved in planning and implementing disaster health management strategies (Figure 2).

5 CONCLUSIONS

This study highlights the critical importance of strategically locating disaster emergency medical
services HQ to enhance urban health care disaster preparedness. The findings reveal that the attributes
of these locations can significantly influence emergency response effectiveness, drawing attention to the
need for meticulous planning and assessment. The analysis of six diverse disaster scenarios elucidates
the multifaceted challenges faced by health services, including infrastructure vulnerabilities,
communication failures, and logistical constraints that can severely hinder response efforts.

The proposed model serves as a vital framework for public health preparedness, emphasizing essential
components such as risk assessment, infrastructure enhancement, and community engagement. By
prioritizing these attributes, urban health care systems can build resilience, ensuring that they are not
only equipped to respond to immediate crises but also capable of mitigating long-term impacts on public
health.

Recognizing that the findings of this study are context-specific is crucial. Different urban environments
present unique challenges and opportunities that require tailored approaches. While the theoretical
foundation of the proposed model is strong, future work should focus on the practical application and
empirical validation of the model in real-world scenarios to assess its effectiveness across diverse
settings and disaster situations. Continued research is, thus, imperative to further refine and adapt our
model across varied contexts and crises.

A collective commitment to improving the location and operational capacity of disaster medical services
HQ will be instrumental in safeguarding communities worldwide against future disasters, ultimately
saving lives and enhancing the resilience of health care systems in countries at high risk in all regions.
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