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ONSOZ

21. yiizyll kentleri etkileyen risklerin hem ¢esit hem de siddet
bakimindan hizla arttig1 bir dénemdir. iklim degisikliginin etkileri; kuraklik,
asirt yagis, sel ve tagkinlar, sicak hava dalgalari, orman yanginlar1 ve kiy1
tagkinlar1 gibi afetlerin sikligint ve yikiciligini artirarak mekansal sistemler
iizerinde geri dondiiriilemez etkiler yaratmaktadir. Tiirkiye gibi coklu afet
riskleriyle karsi karsiya olan iilkelerde ise bu durum, kentsel planlama ve
tasarim disiplinlerinin stratejik sorumlulugunu daha da derinlestirmektedir.
Kentlerin sosyal, ekolojik, ekonomik ve mekansal bilesenlerinin kirillganligini
goriiniir kilan her afet, daha direngli, kapsayici ve adil yerlesimler kurma
ihtiyacini giiglii bir bigimde hatirlatmaktadir.

Bu baglamda kentsel direnclilik, vyalnizca fiziksel yapilarin
giiclendirilmesi ya da afet sonrasi toparlanma siiregleri degil; ayn1 zamanda
risklerin dnceden Ongdriilmesi, etkilerin azaltilmasi, topluluk dayanismasinin
giiclendirilmesi, ekosistem hizmetlerinin korunmasi ve mekansal adaletin
saglanmasi gibi ¢ok boyutlu stratejileri kapsamaktadir. Direnglilik, kentleri
beklenmedik soklara karsi ayakta tutmakla kalmayip, doniligimiin ve
yenilenmenin motoru olabilecek bir kavramsal c¢ergeve olarak da
degerlendirilmektedir. Bu nedenle afet ve iklim kriziyle miicadele siireglerinde
peyzaj mimarligi, mimarlik, sehir ve bolge planlama, ¢evre miihendisligi,
sosyoloji ve ekonomi gibi ¢ok sayida disiplinin ortak katkisina ihtiyag vardir.

Kentlesme hizinin yiiksek, topografyanin kirilgan, sosyal esitsizliklerin
belirgin oldugu cografyalarda afetler, yalnizca fiziksel yikim degil ayni
zamanda toplumsal travma, ekonomik durgunluk ve kimlik kaybi gibi etkilerle
de derinlesmektedir. Bu nedenle mekéansal stratejilerin basarisi, sadece yapilt
cevre lizerinden degil, toplumsal dayamklilik, kiiltiirel siireklilik ve ekolojik
biitiinliik iizerinden de degerlendirilmelidir. Direngli bir kentin insasi,
planlama ile tasarimin, bilim ile uygulamanin, yerel bilgi ile akademik
uzmanligin bulustugu bir zemin gerektirir.

Bu kitap, iste bu ortak zemini giiclendirmek amaciyla hazirlanmstr.
“Kentsel Direnclilik: Afetler, Iklim ve Mekansal Stratejiler”, cok disiplinli
bir yaklagim i¢inde hem kuramsal tartigmalari hem de uygulama drneklerini bir
araya getirerek kapsamli bir kaynak sunmay1 amaglamaktadir. Kitapta yer alan
boliimler; uzaktan algilama ve yapay zeka uygulamalarindan peyzaj onarimi ve

ekolojik restorasyona, mimari malzeme yeniliklerinden afet sonrasi konut
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iiretimi yaklasimlarina, sosyal ve ekonomik dayaniklilik tartigmalarindan
bibliyometrik degerlendirmelere kadar genis bir perspektif sunmaktadir.
Teoriden uygulamaya uzanan bu biitiinciil yapi, direngli kent kavraminin ¢ok
katmanl yapisin1 goriiniir kilmay1 hedeflemektedir.

Boliimler, kavramsal gerceve ve kuramsal tartismalarla baslayan, ulusal
ve bilimsel degerlendirmelerle devam eden, mekansal stratejiler ve tasarim
uygulamalart ile derinlesen ve malzeme 6l¢egine kadar indirgenen bir kurgu ile
diizenlenmistir. Bu siralama, okuyucuya hem sistematik bir okuma kolaylig1
saglamakta hem de farkli disiplinlerde iiretilen bilginin birbirini tamamlayan
niteligini ortaya koymaktadir. inantyoruz ki bu disiplinlerarasi yaklasim, afet
sonrast yeniden insa siireglerinde daha yaratici, yenilik¢i ve kapsayici
coziimlerin gelistirilmesine katki sunacaktir.

Bu kitabin hazirlanmasina katki sunan tiim degerli akademisyenlere ve
arastirmacilara tesekkiir ederiz. Urettikleri calismalar, yalnizca akademik
literatiire katki yapmakla kalmayip, ayn1 zamanda daha adil, yasanabilir ve
direncgli kentlerin insasi igin Onemli bir referans olusturmaktadir. Ayrica bu
kitabin olusum siirecini destekleyen iksad Uluslararas1 Yaymevi’'ne ve tiim
calisma ekibine tesekkiir ederiz.

Direngli, stirdiiriilebilir ve adil kentleri birlikte kurmak dilegiyle...

Dr. Ogr. Uyesi Nurbanu OZKARTAL
Yiiksek Sehir Plancis1 Cisem SEYHAN
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1. GIRIS

Gilintimiizde iklim degisikligi, kentlerin siirdiiriilebilir gelecegini tehdit
eden en onemli kiiresel sorunlardan biri olarak One ¢ikmaktadir. Artan sera
gaz1 salimlari, enerji tiiketimi, hizli kentlesme ve dogal kaynaklarin asiri
kullanimi, kentsel ekosistemlerin tagima kapasitesini zorlamakta ve kentlerin
cevresel, ekonomik ve sosyal acidan kirillganligini artirmaktadir. Bu durum,
kent planlama disiplininde geleneksel biliylime odakli yaklagimlarin
sorgulanmasina ve daha biitiinciil, ekolojik temelli stratejilerin gelistirilmesine
zemin hazirlamistir.

Bu baglamda siirdiiriilebilirlik ve direnglilik kavramlari, kentsel
donisiim  politikalarmin =~ ana  eksenini  olusturur  hale  gelmistir.
Stirdiiriilebilirlik, dogal kaynaklarin dengeli kullanimi, g¢evresel koruma ve
kusaklar arasi adalet ilkeleri iizerine kuruluyken; direnglilik, kentlerin soklara
ve krizlere karst dayanma, uyum saglama ve yeniden yapilanma kapasitesini
ifade etmektedir. Son yillarda bu iki kavramin kesisiminde sekillenen iklim
dostu kent yaklagimi, hem c¢evresel siirdiiriilebilirligi hem de sistematik
direncliligi birlikte ele alan cagdas bir kentsel paradigma olarak ortaya
¢ikmustir.

Kiiresel oOlgekte Paris Anlagmasi (2015) ve Birlesmis Milletler
Siirdiiriilebilir Kalkinma Amaglari (SKA) gibi politika belgeleri, yerel
yonetimlerin  ve kentlerin bu doniisiimdeki roliini acik bicimde
tammlamaktadir. Iklim dostu kent kavrami da bu gergevede ortaya ¢ikmus;
diisiik karbonlu, enerji verimli, doga temelli ¢oziimlerle sekillenen ve
toplumsal adalet ekseninde inga edilen yeni bir kent modeli olarak kentsel
giindemde yerini almigtir. Tiirkiye’de de son yillarda gelistirilen Iklim
Degisikligine Uyum Stratejisi ve Eylem Plam1 (2024) ve yerel 0lcekte
hazirlanan Siirdiiriilebilir Enerji ve Iklim Eylem Planlart bu yonelimleri
destekleyen onemli adimlar olmustur.

Calisma siirdiiriilebilirlik ve direnglilik kavramlar1 arasindaki kuramsal
iliskiyi irdelerken, bu iki eksende gelistirilen iklim dostu kent yaklasimini
¢Oziimleyici bir perspektifle ele almaktadir. Bu ¢aligma iklim degisikligine
karst duyarli, sosyal adalet temelli ve wuzun vadeli sirdiriilebilirlik
hedefleriyle uyumlu kentsel stratejilerin gelistirilmesine katki sunmay1
amaglamaktadir. Bu kapsam, siirdiiriilebilirlik ve direnglilik kavramsal
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diizeyde literatiirde incelenmis olup iklim dostu kent uygulamalar kiiresel ve

yerel 6lcekte drneklerle degerlendirmistir.

2. KAVRAMSAL CERCEVE

Stirdiiriilebilirlik, ¢evresel, ekonomik ve toplumsal boyutlariyla uzun
vadeli dengeyi hedeflerken; direnglilik, kentlerin beklenmedik sok ve streslere
karst uyum, doniisiim ve yeniden yapilanma kapasitesini ifade etmektedir. Bu
iki kavramin kesisiminde yer alan iklim dostu kent yaklasimi, enerji
verimliligi, diisiik karbon salimi, doga temelli ¢dziimler ve toplumsal katilim
ilkelerini biitlinciil bicimde ele alarak kentlerin hem siirdiiriilebilir hem de

direncli olmasini amaglamaktadir.

2.1. Siirdiiriilebilirlik

Strdiiriilebilirlik kavrami, gilinlimiizde kiiresel ve yerel diizeyde
cevresel, ekonomik ve toplumsal politikalarin temelini olusturmaktadir. Bu
kavramin tarihsel gelisimi, 6zellikle sanayi devrimiyle birlikte hiz kazanan
cevresel tahribatin fark edilmesiyle iligkilidir. 18. ve 19. yiizyillarda
sanayilesme siirecinin ardindan teknolojik ilerlemeler, hizli niifus artis1 ve
kentlesme cevresel dengenin bozulmasma yol agmistir (Sirkinti, 2012). Bu
donemde, dogal kaynaklarin sinirsiz oldugu varsayimiyla yiiriitilen insan
merkezli kalkinma anlayis1, doganin kendini yenileme kapasitesini zorlamis
ve ¢evresel krizlerin temelini atmistir (Yazar, 2006).

20. yiizyilin ortalarina kadar siirdiiriilebilirlik daha ¢ok ¢evresel koruma
perspektifinden degerlendirilirken, 6zellikle 1960’lardan itibaren c¢evre
bilincinin artmastyla kavram toplumsal ve politik bir hareket haline gelmistir.
Ayn1 y1l Stockholm Konferansi sonucunda yayimlanan bildiride, insanlarin
saglikli bir gevrede yasama hakki temel ilke olarak kabul edilmigtir (BM
Stockholm, 1972)

Siirdiiriilebilirlik kavraminin kiiresel anlamda kavramsallagsmasi, 1987
yilinda yayimmlanan Brundtland Raporu ile olmustur. Our Common Future
baslikli bu raporda siirdiiriilebilir kalkinma, ‘Bugiiniin ihtiyaglarini, gelecek
kusaklarin kendi ihtiyaglarini karsilama olanaklarint tehlikeye atmadan
karsuayan kalkinma’ olarak tanimlanmigtir (WCED, 1987). Bu tanim,
ekonomik biiyiime, ¢evresel koruma ve toplumsal adalet arasindaki dengeyi

esas almis ve kavramu kiiresel politika giindemine tagimustir.
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Brundtland Raporu’nun ardindan 1992 Rio Zirvesi, yerel yonetimlerin
siirdiiriilebilirlik  hedeflerine ulasmadaki roliinii  vurgulamigtir.  Yerel
yonetimler, stirdiiriilebilir gelisme hedeflerinin uygulanmasinda stratejik bir
konuma sahiptir (BM,1992). Bu baglamda yerel diizeyde gelistirilen
politikalar, kiiresel Olgekte siirdiiriilebilirlik hedeflerinin basarilmasina
dogrudan katki saglamaktadir. Ayrica, kriz durumlarina yalnizca tepki vermek
yerine, direngli bir yaklagim benimsemek, toplumlarin uzun vadede
stirdiiriilebilirligini giiclendirmektedir (Walker vd., 2002; Malhotra, 1999).

Surdiirtilebilirlik kavrami ¢evresel, ekonomik ve sosyal dinamikleri de
i¢ine alan ti¢ temel bilesene dayanmaktadir (Hart & Milstein, 1999).

Bu baglamda ekonomik siirdiiriilebilirlik, gelir dagiliminda adaleti,
yenilenebilir kaynaklarin kullanimin1 ve uzun vadeli ekonomik istikrar1
amaglamaktadir.

Cevresel  siirdiiriilebilirlik,  dogal  kaynaklarin  korunmasini,
ekosistemlerin ¢esitliligini ve atiklarin azaltilmasin1 6ngérmektedir (Keskin,
2012; Tosun, 2017).

Sosyal siirdiiriilebilirlik ise insan haklari, egitim, saglik, toplumsal
esitlik ve katilim gibi degerler iizerine kuruludur (Sahin & Kutlu, 2014).

Bu icli yapi, siirdiiriilebilirligin  kaliciligini saglamak icin c¢evre
merkezli karar mekanizmalarinin gelistirilmesi, teknolojik yeniliklerin
desteklenmesi ve ekonomik yapilarin doniistiiriilmesi gerekliligini ortaya
koymaktadir (Tekeli, 1999).

Kentlesme ve siirdiiriilebilirlik arasindaki iliski, 6zellikle 21. ylizyilda
giderek 6nem kazanmistir. Kentlesmenin ve kentli niifusnunun hizla arttigi
giiniimiizde siirdiiriilebilirlik, kentsel planlamanin vazgegilmez bir unsuru
haline gelmistir. Kentler ¢evresel baskilarin ve sosyal esitsizliklerin en yogun
yasandig alanlardir (Wilson, 2016).  Bu alanlar i¢in siirdiiriilebilir kent
planlamasi, yalnizca ekolojik dengeyi degil, ayn1 zamanda yagsam kalitesi,
ekonomik firsatlar ve sosyal kapsayiciligi da gozetmelidir. Bu nedenle kentsel
planlamada siirdiiriilebilirlik anlayisi, cevre dostu c¢oziimler iiretmeyi kadar
yasam kalitesini artirmayi, sosyal adaleti giliclendirmeyi ve uzun vadeli
direncliligi de hedeflemektedir (Davoudi, 2012; Wilson, 2016; Kassam,
2023).

Giiniimiizde stirdiiriilebilir toplumlar, kaynaklarin verimli kullanimini,

ekolojik dengenin korunmasmi ve gelecek kusaklara yasanabilir bir diinya



KENTSEL DIRENCLILIK: AFETLER, IKLIM VE MEKANSAL STRATEJILER | 8

birakmay1 temel hedef olarak benimsemektedir. Bu nedenle siirdiiriilebilirlik,
kiiresel dlgekte bir sorumluluk alani1 olmanin yani sira, yerel diizeyde eyleme
dontismesi gereken bir zorunluluk olarak goriilmektedir.

2.2. Direnclilik

Kentler, ekonomik faaliyetlerin merkezinde yer almakla birlikte, iklim
degisikligi, kaynaklarin tiikenmesi, afetler, toplumsal huzursuzluklar ve saglik
krizleri gibi ¢ok boyutlu tehditlerle karsi karsiyadir (Chelleri, Schuetze &
Salvati, 2015). Bu durum, kentlerin iklim degisikligine uyum saglama ve
etkilerini azaltma yoniinde kapsamli stratejiler gelistirmelerini zorunlu
kilmaktadir.

Kentlerin kars1 karstya oldugu bu karmasik sorunlara ¢éziim iiretmek
amaciyla gelistirilen direnclilik c¢ergeveleri, afetlerin etkilerini azaltmayz,
iklim degisikligine hazirlhk yapmayr ve hizli sekilde toparlanmay1
amaclamaktadir (Santos & Leitmann, 2016).

Direnglilik kavrami, farkli disiplinlerde farkli anlam katmanlariyla ele
almmis olsa da oOziinde sistemlerin degisim ve belirsizlik karsisinda
varliklarini  siirdiirebilme kapasitelerini ifade etmektedir. Holling (1973)
direncliligi, ekosistemlerin digsal soklar karsisinda denge durumlarini koruma
veya yeniden kazanma yetenegi olarak tanimlamistir. Holling’in direngliligi
statik bir dayaniklilik degil, dinamik bir adaptasyon bicimi olarak ele alan
yaklagimi, daha sonra toplumsal ve mekénsal sistemlerin karmasik dogasina
uyarlanarak kavramin ¢ok boyutlu bir yapiya evrilmesine zemin hazirlamistir.
Bu anlamda direnglilik, sistemin esnekligi, 6grenme kapasitesi ve yeniden
yapilanabilme potansiyeli ile iliskilendirilmektedir (Folke, 2006).

Ekolojik sistemlerde ortaya c¢ikan direnclilik fikri, zamanla sosyal
bilimler, ekonomi, cografya ve kent planlama gibi alanlara da aktarilmistir.
Ozellikle 1990’lardan itibaren, sosyal-ekolojik sistemler kavrammin
yiikselmesiyle birlikte, direnglilik sadece dogal siireclerle degil, insan
davraniglari, kurumlar ve toplumsal etkilesimlerle de iliskilendirilmeye
baslanmistir (Adger, 2000). Bu doniisiim, direngliligin yalnizca sistemlerin
fiziksel dayanikliligi degil, ayn1 zamanda sosyal adaptasyon ve doniisim
kapasitesi olarak da goriilmesini saglamistir. Davoudi (2012), Direngliligi
koprii kavram olarak nitelendirmekte ve farkli disiplinleri bir araya getirerek



9 | KENTSEL DIRENCLILIK: AFETLER, IKLIM VE MEKANSAL STRATEJILER

hem siirdiiriilebilirlik hem de degisim ydnetimi agisindan yeni bir diisiinme
bi¢imi ortaya koymaktadir (Davoudi, 2012),

Direnglilik kavrami ekolojik baglamdan toplumsal ve mekéansal
baglama dogru genislerken, Ozellikle kentsel sistemler bu tartismanin
merkezine yerlesmistir. Ekolojik, ekonomik, sosyal ve politik alt sistemlerin
bir arada igledigi karmagik vyapilar olarak kentler, direnclilik ilkesinin
somutlastig1 en belirgin alanlardir (Pickett vd.,2004; Batty, 2008). Direnglilik,
ayni zamanda risk yonetimi ve kentsel planlama disiplinleriyle i¢ ice gecmis
bir kavramdir. Bu c¢erg¢evede, bir kentin krizlere, afetlere, ekonomik
dalgalanmalara veya toplumsal doniisiimlere karsi uyum saglayarak varligini
stirdiirebilme yetenegi olarak tamimlanmaktadir (Vale & Campanella, 2005).
Ancak bu kavram, yalmizca miihendislik temelli fiziksel bir dayamiklilik
anlayisina indirgenemez ayni zamanda sosyal, kiiltiirel ve yoOnetisimsel
boyutlar icermektedir (Godschalk, 2003). Direngli kentler, krizlere yalnizca
tepki vermekle kalmayan, bu krizleri doniisiim firsatina g¢eviren, kapsayici,
Ogrenen ve yenilikei sistemlerdir. Kentsel direnglilik, gelecegin kentlerini
sekillendirecek temel ilkelerden biri olarak, yalmizca siirdiiriilebilirlik
politikalar kadar mekansal adalet, sosyal dayamisma ve kolektif hafiza

kavramlarimin da tasiyicisi olacagi sdyelenebilir.

Kentsel direnclilik

Kentsel direnclilik, dayanikliliktan farkli olarak, statik bir direnmeyi
degil, doniiserek var olma yetenegini temsil etmektedir. Pelling (2011),
direngliligi bir geri doniis kapasitesi olmanin yani sira bir doniistiiriicii
kapasitesi olarak tanimlamaktadir. Orhan, (2016) ise direngliligin, yalnizca
krizlerden sonra eski duruma donmeyi degil, gelecege daha dayamkli bir
bicimde yeniden yapilanmay1 da kapsadigini ifade etmktedir (Orhan, 2016).
Bu gorilise gore direngli bir kent, kriz Oncesi durumuna dénmek yerine,
krizden ders ¢ikararak daha giiclii, daha kapsayict ve daha adil bir yapiya
doniigebilir. Kentin yeniden yapilanma siireci, yalnizca fiziksel altyapinin
onarimiyla degil, toplumsal iliskilerin, yonetisim mekanizmalarinin ve
mekansal orgiitlenmenin yeniden insasiyla miimkiindiir (Vale & Campanella,
2005).

Bu kapsamda Lefebvre’nin (2003) kentsel devrim ve kentsellik
kavrayisi, kentsel direnglilik tartigmalarina 6nemli bir kuramsal derinlik
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kazandirmaktadir. Lefebvre’ye gore kent, sadece fiziksel bir varlik degil,
stirekli yeniden {iretilen bir toplumsal siirectir. Dolayisiyla kentsel direnglilik
de yalnizca altyapisal saglamlikla degil, mekansal iiretim iliskilerinin
stirekliligi ile ilgilidir. Lefebvre’nin bu yaklagimi, kentlerin direngliligini
anlamada toplumsal iliskilerin, gilindelik yasam pratiklerinin ve mekanin
politik ekonomisinin g6z ardi edilemeyecegini ortaya koymaktadir. Bu
baglamda kentsel direnglilik, bir var olma bigiminden ¢ok, bir olus siireci
olarak goriilmelidir.

Kentsel direngliligin farkli boyutlari, sistem teorisi perspektifinden {i¢
diizeyde incelenebilir: miihendislik direngliligi, ekolojik direnglilik ve sosyal
direnclilik (Gunderson & Holling, 2002). Miihendislik direngliligi, sistemin
soktan sonra hizla eski haline donebilme kapasitesini tanimlarken, ekolojik
direnclilik sistemin birden fazla denge durumuna gecebilme esnekligini
vurgulamaktadir. Sosyal direnclilik ise bireylerin ve topluluklarin kriz
durumlarinda dayanigma, O6grenme ve uyum saglama yeteneklerini One
cikarmaktadir (Adger, 2000). Kentsel baglamda bu ii¢ diizey, birbirine bagl
bir ag gibi islemektedir. Bundan hareketle direngli bir kent, yalnizca altyapisal
sistemleri kadar, sosyal baglarin ve kurumsal yapilarm da dayanikliligini
gerektirecegi sOylenebilir (Godschalk, 2003).

Godschalk (2003), direngli kentleri karmasik uyumlu sistemler olarak
tanimlamakta ve bu sistemlerin siirdiiriilebilirlik i¢in planlama, 6grenme ve is
birligi kapasitelerine ihtiya¢ duydugunu wvurgulamaktadir. Bu yaklagim,
direncliligi kriz sonrasi bir toparlanma aract olmanin Stesinde Onleyici bir
planlama ilkesi olarak konumlandirmaktadir. Benzer bigimde Campanella
(2006)’ da New Orleans orneginden hareketle kentsel direngliligin fiziksel
yeniden yapilanmadan ziyade, topluluk temelli dayanisma ve sosyal sermaye
araciligiyla gerceklestigini ortaya koymaktadir.

Kentlerin direngliligi ayn1 zamanda sosyal adalet ve mekansal esitsizlik
konulartyla da iliskilidir. Toplumsal kirilganliklarin azaltilmadigi durumlarda
gergek bir direnglilikten s6z etmek miimkiin degildir (Adger,2000; Pelling,
2011). Bu nedenle kentsel direnglilik, yalnizca teknik bir kapasite degil, ayni
zamanda katilimer yonetisim, esitlik¢ci planlama ve kapsayici politika
siireglerinin bir bilesimi oldugu goriilmektedir (Meerow, Newell & Stults,
2016). Toplumun krizlere verdigi tepki, bireysel dayanikliliktan ¢ok, kolektif
O0grenme ve giiven iligkilerine dayandirilmkata, bu da direngliligi sosyal
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sermaye ve topluluk kapasitesi kavramlariyla yakindan iligkilendirmektedir
(Ahern, 2011).

Direnglilik ve kentsel direnglilik kavramlari, ¢agdas kentlesme ve
planlama diisiincesinde tamamlayici iki diizeyde yer almaktadir. Direnglilik,
sistemlerin genel olarak belirsizlik ve degisim karsisinda esnekligini ve
sirekliligini ifade ederken, kentsel direnclilik bu genel kavrami

somutlastirarak kentin sosyo-mekénsal orgiisiinde yeniden iiretir.

2.3. Direnglilik ve Siirdiiriilebilirlik Tliskisi

Iklim degisikligi, ekolojik bozulma, ekonomik dalgalanmalar ve
toplumsal esitsizlikler gibi kiiresel 6lgekli sorunlar karsisinda Direnglilik ve
Stirdiiriilebilirlik kavramlari, kuramsal tartismalarda ve politika {iretiminde
temel referans noktalar1 olarak kullanilmaktadir. Bununla birlikte, her iki
kavramin anlami da zaman igerisinde doniismiis; 6zellikle 20. yilizyilin son
ceyreginden itibaren, birbirleriyle kesisen ama ayni zamanda farkli yonlere
isaret eden bir diisiinsel evrim geg¢irmistir. Direnglilik, baglangigta ekolojik
sistemlerin bozulmalara karsi gosterdigi uyum kapasitesini ifade ederken
(Holling, 1973), siirdiiriilebilirlik daha ¢ok kalkinma, c¢evre yoOnetimi ve
kaynak kullanimi baglaminda ortaya c¢cikmistir (WCED, 1987). Ancak 21.
ylizyila gelindiginde bu iki kavram, birbirini tamamlayan bir anlayis icinde,
sistemlerin yalnizca mevcut durumlarim1 korumakla kalmayip, degisime ve
belirsizlige uyum saglayabilme yetilerini vurgulayan bir perspektifte
birlesmistir (Folke, 2006; Walker & Salt, 2006).

Direnglilik ve siirdiiriilebilirlik kavramlari arasindaki iligki, 6zellikle
2000°’li yillardan itibaren akademik literatiirde daha sistematik bicimde
tartisilmaya baglanmistir. Bir yandan, siirdiiriilebilirlik uzun vadeli dengeyi ve
kaynaklarin korunmasimi hedeflerken; diger yandan direnglilik, degisken ve
belirsiz ortamlarda sistemlerin siirekliligini saglayan dinamik kapasiteye
odaklanmaktadir (Folke, 2016). Baska bir ifadeyle, siirdiiriilebilirlik
devamlilik ile ilgilenirken, direnglilik uyum ve doniisiim kavramlarini
merkeze almaktadir. Bu nedenle, iki kavram arasindaki fark, statik denge ile
dinamik denge arasindaki epistemolojik ayrim tizerinden okunabilir (Davoudi,
2012). Direnglilik, bir sistemin belirli bir denge durumuna geri dénmesini
degil, degisim siirecleri iginde yeni denge bicimleri gelistirmesini
icermektedir. Dolayisiyla, siirdiiriilebilirligi saglayan sey yalnizca koruma
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degil, aym1 zamanda Ogrenme, yenilik ve doniisim yetisi oldugu
gorlilmektedir (Walker & Salt, 2006).

Literatiirde, direngliligin siirdiiriilebilirligin bir 6énkosulu olup olmadig1
ya da her iki kavramin birbirine alternatif mi, yoksa tamamlayicis1 m1 oldugu
konusunda tartismalar bulunmaktadir (Redman, 2014). Bazi arastirmacilar,
siirdiiriilebilirligi bir amag¢ ve direncliligi bu amaca ulagsmak i¢in gerekli bir
ara¢ olarak goriirken (Folke, 2006), bazilar1 her iki kavramin farkli normatif
temellere dayandigin1 savunur (Davoudi, 2012). Ozellikle iklim degisikligi ve
dogal afetler gibi belirsizliklerin arttig1 giiniimiizde, direnglilik yaklagimi
stirdiiriilebilirlik politikalarinin uygulanabilirliini giiclendiren bir ¢erceve
sunmaktadir (Meerow & Newell, 2015).

Direnglilik  olmadan  siirdiiriilebilirlik  kirilgan  hale  gelir;
siirdiiriilebilirlik olmadan direnclilik ise yonsiiz bir adaptasyona doniisebilir.
Bagka bir deyisle, direnclilik degisime yanit verme kapasitesiyken,
sirdiiriilebilirlik degisimin yoniinii belirleyen cer¢evedir. Bu ikili iliski,
glinimiizde o6zellikle kentsel planlama, ¢evre yOnetimi ve afet risk azaltma
politikalarinda  kritik bir Onem tasimaktadir. Ayrica direnclilik ve
stirdiiriilebilirlik arasindaki iligkiyi anlamak, yalnizca kavramsal bir tartigma
degil, ayn1 zamanda uygulamaya doniik stratejilerin gelistirilmesi agisindan da
onemlidir. Ornegin, ekosistem yonetiminde direnglilik, sistemin digsal
baskilara ragmen kendini yenileyebilme kapasitesine vurgu yapar; bu,
stirdiiriilebilirligin uzun vadeli hedefleriyle uyumludur (Folke vd., 2002).

Glintimiizde hem akademik hem de politika diizeyinde, direnclilik ve
stirdiiriilebilirligin birlikte ele alinmasi gerekliligi genis kabul gdrmektedir.
Ciinkii karmasik kiiresel sistemler, dogrusal olmayan, 6ngoriilemez siireglerle
sekillenmektedir (Folke, 2006). Bu nedenle, siirdiiriilebilirlik hedeflerine
ulagsmak i¢in statik denge modellerinden ziyade, dinamik, 6grenmeye acik ve
cok katmanli direnglilik stratejileri benimsenmelidir (Davoudi, 2012).

Iklim degisikligi, pandemi, ekonomik krizler ve siyasi istikrarsizlik gibi
ongoriilemez olaylar, planlamanin 6tesine gegen bir esneklik gerektirir. Bu
nedenle, direnglilik yaklagimi siirdiiriilebilirligin belirsizliklere karsi kendini
yeniden diizenleyebilme kapasitesini gelistirmesine olanak tanimaktadir
(Walker & Salt, 2006).

Ekolojik sistemlerde oldugu gibi, sosyal sistemlerde de yenilenme

donemleri toplumsal yeniliklerin, yeni kurumlarin ve alternatif pratiklerin
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ortaya ¢ikmasina olanak tanimaktadir. Bu siire¢, dayanikliligin yalnizca bir
direnme degil, aynt zamanda bir yeniden dogus kapasitesi oldugunu
gostermektedir (Walker & Salt, 2006).

Sosyal aglar, kolektif 6grenme ve karsilikli giiven iliskileri, toplumlarin
krizlere kars1 tepki verme kapasitesini giiclendirir. Sosyal direngliligin giiglii
oldugu toplumlarda, bireyler yalnizca kendi ¢ikarlarin1 degil, kolektif refahi
da gozetir; bu da dayanikliligin ahlaki bir boyuta sahip oldugunu gosterir
(Norris vd., 2008). Bu nedenle sosyal direnclilik, siirdiiriilebilirligin sosyal
boyutuyla ortiisiir; ¢iinkii her ikisi de toplumsal adalet, kapsayicilik ve katilim
ilkelerine dayanir (Agyeman, 2005). Direngliligin siirdiiriilebilirlik ile
ortiistiigli bir diger nokta ise ekonomik cergevedir. Ekonomik direnglilik,
yalnizca krizden sonra toparlanma kapasitesi degil, ayn1 zamanda ¢esitlilik,
yerel {iiretim aglari, dayamisma ekonomileri ve adil paylagim
mekanizmalariyla ifade eder (Rose, 2007). Direngli bir ekonomi, tek bir
iiretim bicimine ya da enerji kaynagina bagimli olmayan, yenilik kapasitesi
yiiksek ve yerel dayanisma aglariyla desteklenen bir ekonomidir. Bu da
siirdiiriilebilir kalkinma ilkeleriyle uyum igindedir. Ciinkii siirdiiriilebilirlik,
uzun vadede kaynak verimliligi kadar sistemsel dayaniklilig1 da gerektirir.

Cevresel direnglilik ise ekosistemlerin tasima kapasitesi, biyolojik
cesitlilik ve dogal dongiilerin devamlilig:r ile ilgilidir. Dogal kaynak
yonetiminde tek yonli kontrol politikalarindan ziyade, katilimei, yerel bilgiye
dayali ve esnek yonetim modelleri gelistirilmistir. Bu modeller ¢evresel
direngliligi artirarak siirdiiriilebilirligin ekolojik temelini giiglendirmekte
(Walker vd., 2004) ve bu durum ¢evresel siirdiiriilebilirlik ve ¢evresel
direnglilik arasindaki baglantiy1 kurulmasin saglmaktadir.

Gliniimiizde direnglilik ve siirdiiriilebilirlik  kavramlari, iklim
degisikligiyle miicadele politikalarinda i¢ ice gecmistir. Paris Anlasmasi
(2015) ve Birlesmis Milletler’in Siirdiiriilebilir Kalkinma Amaglar1 (SKA)
cercevesinde, iklim direncliligi kavrami siirdiiriilebilir kalkinmanin ayrilmaz
bir parcasi haline gelmistir. Ozellikle 13. Amag olan iklim Eylemi ve 11.
Amag¢ olan Siirdiiriilebilir ~ Sehirler ve  Topluluklar, direnglilikle
stirdiiriilebilirligi bir arada ele almaktadir. Bu baglamda direngliligin afet
sonrasi toparlanma kadar, onleyici bir strateji olarak degerlendirilmektedir.
Adaptasyon politikalari, enerji donlisiimii, su yonetimi ve tarimsal gesitlilik
gibi alanlarda direnglilik, siirdiiriilebilirligin uygulanabilirligini artiran bir
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anahtar kavramdir (Folke, 2016). Bu iki kavramin kesistigi en Onemli
mekanlardir. Hizli kentlesme, niifus artis1 ve altyapi yetersizlikleri, kentleri
hem c¢evresel hem de sosyal olarak kirilgan hale getirmistir. Kentsel
direnclilik kavrami, sehirlerin afetlere, iklim degisikligine ve ekonomik
krizlere karsi dayanikliligin1 artirmay: hedeflemektedir (Meerow & Newell,
2015). Ancak kentsel direnglilik yalnizca fiziksel altyapi ile degil, sosyal
aglar, yerel yonetim kapasitesi ve kiiltiirel baglilik gibi unsurlarla da ilgili
oldugu gorilmektedir. Bu nedenle, direngli sehirler ayni zamanda
stirdiiriilebilir sehirlerdir ¢linkii uzun vadeli dayaniklilik, yalmizca miithendislik
cozlimleriyle degil, sosyal uyum ve adalet temelinde insa edilen direngli
kentlerin ayni zamanda siirdiiriilebilir kentler oldugu sdylenebilir (Davoudi,
2012).

Ancak direnglilik ve siirdiiriilebilirlik  kavramlarinin  birbirini
tamamlamakla birlikte farkli diizlemerde isleyen ve karistirilmamasi gereken
kavramlar oldugu soylenebilir. Gliniimiizde ¢evresel krizler, ekonomik
dalgalanmalar ve toplumsal esitsizlikler giderek karmagik hale gelirken,
siirdiirilebilirlik politikalarinin  basariya ulagsmasi, direnglilik ilkelerinin
kurumsallagmasina baglidir. Direngli bir toplum, siirdiiriilebilir bir gelecegin
on kosuludur (Folke, 2016) ve dolayisiyla, direnclilik ve siirdiiriilebilirlik
kavramlar1 arasinda olusturulan bag yalnizca akademik bir tartisma degil,
cagimizin en temel yasamsal gerekliliklerinden biridir. Bu bag insanligin
cevresel sinirlar icinde refahini siirdiirmesi, adil kaynak paylasimi saglamasi
ve gelecek kusaklara yasanabilir bir diinya birakmasi acgisindan

vazgegcilmezdir.

3.IKLiM DOSTU KENT YAKLASIMI

Iklim dostu kent, ¢evresel siirdiiriilebilirligi temel alan, enerji
tiketimini azaltan, dogal kaynaklarin korunmasimi gdzeten ve iklim
degisikliginin olumsuz etkilerine karsi dayanikliligini artiran kent modeli
olarak tanimlanmaktadir (Giil, Kiigiikk Bayraktar & Cetintiirk, 2023). Bu kent
modeli, yalnizca karbon salimini diisiirmeyi amaglayan teknik bir diizenleme
olmayip, sosyal, ekonomik ve ekolojik bilesenleri biitiinciil bigimde ele alan
bir planlama anlayisin1 temsil etmektedir. Iklim dostu kent anlayisi,
sirdiiriilebilir kent kavraminin bir devami olmakla birlikte, iklim krizi

baglamimda daha somut hedefler ve gostergeler {izerine insa edilmistir. Bu
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yaklagimin temelinde, insan yerlesimlerinin doga ile uyumlu bigimde yeniden
kurgulanmasi, kent ekosisteminin enerji dongiisiinden su yoOnetimine, atik
sistemlerinden yesil alan planlamasina kadar tiim bilesenlerinde diisiik
karbonlu bir yapinin benimsenmesi yer almaktadir (Bogeng, 2023).

Iklim dostu kent, sera gazi emisyonlarimin azaltilmasi, enerji
verimliliginin  artirilmasi, c¢evresel bozulmanin onlenmesi ve iklim
degisikligine kars1 dayanikliligin gii¢lendirilmesi hedeflerini biitiinciil bicimde
iceren bir kentsel gelisim modelidir. Bu yaklagimin temelinde, yalnizca teknik
onlemlerle sinirh kalmayip, toplumsal katilim, adalet ve yonetisim siireglerini
de kapsayan yapilarin olusturulmasini igermektedir (MIVAU, 2011).

Azaltim Yaklasimi, kentin sera gazi emisyonlarmi1 minimize etmeye
yonelik politikalar1 icermekte ve yenilenebilir enerji kullanimi, enerji verimli
bina stokunun gelistirilmesi, toplu tagima ve bisiklet gibi siirdiiriilebilir ulasim
bicimlerinin tesvik edilmesi, atik yonetiminin dongiisel ekonomi prensiplerine
gore yeniden diizenlenmesi anlamina gelmektedir (Cetintiirk, 2021).

Uyum Yaklagimi, iklim degisikliginin kagiilmaz etkilerine karsi kentin
fiziksel ve sosyal yapismin dayanikliligini artirmayr amaglamaktadir.
Ornegin agir sicakliklara kars1 glgeleme ve yesil alan politikalari, sel riskine
kars1 gecirgen ylizeylerin artirllmasi, su yonetiminde dogal drenaj
sistemlerinin kullanimi1 gibi eylemler bu kapsamda degerlendirilmektedir
(T.C. CSIDB, 2024).

Katilime1 Yonetisim ve Sosyal Adalet, iklim dostu kent yaklasimi,
yalnizca teknik ¢oziimler kadar, karar siireclerinde kapsayiciligi da
gerektirmekte halkin, yerel yonetimlerin, 6zel sektoriin ve sivil toplum
kuruluslarmin esgiidimlii  bigimde hareket etmesi gerektigine vurgu
yapmaktadir (Iklim igin Kentler Agi, 2019). Ayrica bu siiregte sosyal
esitsizliklerin  derinlesmemesi, doniisiimiin adil bi¢cimde gerceklesmesi
onemlidir (Wachsmuth & Angelo, 2018).

Bu ¢ercevede iklim dostu kent, yalnizca ¢evreyle uyumlu bir fiziksel
cevre kurmakla kalmaz toplumsal biling, yasam kalitesi ve adil kaynak
paylasimini da giiglendiren bir yonetisim sistemi kurmaktadir. iklim dostu
kent kavrami, kiiresel 6l¢ekte yiiriitiilen iklim politikalarinin kent diizeyinde
uygulanabilir hale gelmesiyle 6nem kazanmistir. Ozellikle Birlesmis Milletler
Siirdiiriilebilir Kalkinma Amaglart (SKA) iginde yer alan Amag¢ 11.
Siirdiirtilebilir Sehirler ve Topluluklar, sehirlerin giivenli, kapsayici, dayanikli
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ve siirdiiriilebilir olmasini hedeflemektedir (United Nations, 2015). Bu hedef,
kentsel gelismenin yalnizca ekonomik biiyiimeyi degil, ¢cevresel dayaniklilig
da esas almasini zorunlu kilmaktadir. Buna ek olarak Paris Anlagmasi (2015)
7. ve 11. maddeleri, yerel aktorlerin iklim uyum ve kapasite gelistirme
siireclerinde aktif rol oynamasi gerektigini vurgulamaktadir (UNFCCC,
2015). Bu baglamda, diinya genelinde kentlerin bir araya gelerek olusturdugu
C40 Cities Climate Leadership Group ve Global Covenant of Mayors for
Climate & Energy gibi aglar, sehirlerin kiiresel iklim politikalarina katki
sunmasini saglamaktadir (C40 Cities, 2023). Kentlerin kendi karbon ayak
izlerini dlgmelerini, azaltim hedefleri belirlemelerini ve bu hedefleri
uluslararas1 taahhiitlerle uyumlu hale getirmelerini amaglayan bu aglar
sayesinde kentler, ulusal hiikiimetlerin uygulayicisi ve ayni zamanda kiiresel
Olcekte iklim diplomasisinin etkin aktdrleri haline gelmistir (WRI, 2023).
Benzer bi¢imde UN-Habitat’in Guiding Principles for City Climate Action
Planning (2015) dokiimani, kentlerin iklim eylemlerini bilimsel temellere
dayandirarak, adil, kapsayict ve olgiilebilir bigcimde yiiriitmelerini dnerir. Her
iki belge de, iklim eyleminin yerel yonetimlerin temel gorevlerinden biri
haline gelmesi gerektigini vurgulamaktadir.

Kiiresel literatiirde iklim dostu kentlerin teknolojik doniisiimle birlikte
sosyal adalet ekseninde yeniden kurgulanmas1 gerektigi siklikla
vurgulanmakta ve kentsel esitsizliklerle miicadele etmeyen bir iklim politikasi
yaklasiminin uzun vadede basarisiz olacag: ifade edilmektedir. Bu nedenle,
iklim dostu kentler enerji verimliligi, yesil ulasim ve diigiik karbon
teknolojileri kapsayicilik ve adalet politikalarim1 da igermelidir. Dolayisiyla
kiiresel politika belgeleri, iklim dostu kentin yalnizca gevre koruma girigimi
olmadigim ekonomik, sosyal ve mekéansal doniigiimiin biitiinlik olusturdugu
bir yonetisim modeli oldugunu gdstermektedir.

Tiirkiye’de ise iklim dostu kent yaklasimi, son yillarda hem ulusal
politika belgelerinde hem de yerel yonetim diizeyinde giderek daha fazla
onem kazanmaktadir. Bu alandaki en giincel ve kapsamli belge, iklim
Degisikligine Uyum Stratejisi ve Eylem Plan’dir (T.C. CSIDB, 2024).
Tiirkiye’nin iklim degisikligine uyum kapasitesini artirmak igin yerel diizeyde
uygulanabilecek stratejileri belirleyen bu belge kentsel su yonetimi, yesil
altyapr sistemleri, afet riskine duyarli planlama ve diisiik karbonlu ulagim 6n
plana ¢ikmaktadir.
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Bir diger belge, Ulusal Iklim Degisikligi Stratejisi (2010-2023)dir.
Yerel yonetimlerin sera gazi azaltim planlar1 hazirlamasini tesvik eder. Yeni
donemde ise Iklim Kanunu ve 2053 Net Sifir Karbon Hedefi, Tiirkiye nin
Paris Anlagmasi taahhiitlerini giiclendirmektedir (Yalgin, 2024). Ayrica, iklim
icin Kentler Ag1 (2019) tarafindan hazirlanan Yerel Yonetimlerde Iklim
Eylem Plan1 Rehberi, belediyelere sera gazi envanteri olusturma, azaltim ve
uyum hedefleri belirleme konusunda metodolojik destek sunar. Bu rehber,
Tiirkiye’de birgok biiyiiksehrin iklim eylem planlarni (6rnegin Istanbul,
Izmir, Eskisehir, Konya) hazirlamasinda yol gdsterici olmustur.

Istanbul Iklim Degisikligi Eylem Plam (IBB, 2022), enerji, ulagim,
yesil alan, atik ve su yoOnetimi basliklarinda toplam 96 eylem Onerisini
kapsamaktadir. Plan, hem sera gazi emisyonlarinin azaltilmasina hem de
kentin iklim degisikligine kars1 direng¢ kazanmasina yonelik biitiinlesik
stratejiler sunmaktadir. Ayrica planin hazirlanma siireci, C40 Cities ag1 ve
Global Covenant of Mayors ile koordineli yiiriitiilmiistiir, bu da Tirkiye’deki
yerel yoOnetimlerin kiiresel iklim yOnetisimiyle giderek daha fazla
biitiinlestigini gdstermektedir.

4. SURDURULEBILIR KENTSEL DIRENCLILIK

STRATEJILERI

Iklim degisikligi, cevresel bozulma, niifus artis1 ve dogal afetler gibi
¢ok boyutlu risklerle karsi karsiyadir. Bu nedenle kentlerin siirdiiriilebilir
gelecegi, yalnizca ekonomik biiylime veya fiziksel planlamayla degil,
direnclilik kavrami etrafinda sekillenen ¢ok katmanli bir stratejik yaklagimi
zorunlu kilmaktadir.

Iklim degisikliginin giderek artan etkileri, 6zellikle yogun kentlesmis
alanlarda daha belirgin hale gelmektedir. Kentsel 1s1 adasi etkisi, su
kaynaklarinin tiikenmesi, sel risklerinin artmasi ve biyolojik c¢esitliligin
azalmasi gibi siiregler, kentlerin hem dogal hem de sosyal ekosistemlerinde
ciddi bozulmalara neden olmaktadir. Bu baglamda, kentlerin direngliligini
artirmaya yonelik stratejiler, sadece altyap1 giiclendirmesi veya risk azaltimi
odakli degil ayn1 zamanda ekolojik sistemlerin onarimi, toplumsal farkindalik
ve katilimer yonetisim ilkeleriyle biitiinlesik olmalidir. Dolayisiyla, direngli
kentlerin insasinda amag afetlere karsi savunmanin yani sira doniistiiriicii bir

stirdiiriilebilirlik vizyonu gelistirmek olmalidir.
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4.1. Doga Temelli Coziimler

Doga temelli ¢oztiimler, iklim degisikliginin olumsuz etkilerine karsi
doganin kendi isleyisinden Ogrenen, ekosistem hizmetlerini koruyan ve
sirdiiriilebilir kentsel gelisimi destekleyen bir yaklasim sunmaktadir
(European Commission, 2016). Bu yaklasim, dogay1 pasif bir unsur olarak
gormeyen ve kent sistemlerinin aktif bir bileseni olarak kabul eden bu
yaklasim kapsaminda yesil ¢atilar, gecirgen yiizeyler, yagmur bahgeleri, kent
ormanlari, 1slah edilmis suyollar1 ve yesil koridorlar gibi uygulamalar su
dongusiinii  desteklemekte ve kent mikro iklimini iyilestirmektedir. Bu
uygulamalarin bitki Ortiisiiniin  gélgeleme ve buharlasma yoluyla hava
sicakligin1 diisiirerek kentsel 1s1 adasi etkisini azalttifi da gosterilmistir
(Bonan, 1997).

Doga temelli ¢oziimler, kentlerin fiziksel ve toplumsal yapisina katki
saglamaktadir. Halkin katilimryla yiiriitiilen ekolojik restorasyon projeleri,
kentlilerde doga farkindaligini artirmakta, ortak yasam kiiltiirini
giiclendirmekte ve boylelikle direnglilik altyap1 diizeyinde degil toplumsal
biling ve davranis bigimleri diizeyinde de inga edilebilmektedir.

4.2. Mavi-Yesil Altyap: Sistemleri

Doga temelli ¢goziimlerin kent dlceginde somutlasmis bicimlerinden biri
mavi-yesil altyapt sistemleridir. Mavi altyapi, su kaynaklar1 ve drenaj
sistemlerini; yesil altyapi ise parklar, korular, ekolojik koridorlar ve bitki
ortiistinii kapsar. Bu iki sistemin entegrasyonu, ekosistem tabanli planlama
anlayisinin merkezinde yer almaktadir (Almaaitah vd., 2021). Mavi-yesil
altyapi, kentsel su dongiisiinii desteklerken ayni zamanda dogal habitatlarin
stirekliligini saglamaktadir. Bu sistemlerin dnemi, iklim degisikligiyle birlikte
artan asir1 yagis ve sel risklerinin yonetiminde daha da belirgin hale gelmistir.
Dogal suyollarinin kent planlamasinda yeniden tanimlanmasi, gegirgen
ylizeylerin artirllmasi ve yesil tampon bdlgelerin olusturulmasi, kentsel
dayaniklilig1 giiclendiren temel uygulamalardir. Ayrica mavi-yesil altyapi, 1s1
adas1 etkisini azaltmak, hava kalitesini iyilestirmek ve biyocesitliligi
desteklemek gibi ¢ok yonlii ekolojik hizmetler tiretmektedir.

Mavi-yesil altyapi1 sistemleri kentlerin dogayla uyumlu bir bi¢imde

gelismesini saglayan, doga temelli uyumun mekansal yansimasi olarak
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degerlendirilebilir. Bu sistemler fiziksel dayaniklilig1 artirmakta ve kentlerin

estetik ve ekolojik degerlerini de zenginlestirmektedir.

4.3. Siirdiiriilebilir Ulasim Stratejileri

Ulasim sektorii, hem sera gazi emisyonlarinin temel kaynaklarindan biri
hem de iklim degisikliginin etkilerinden en fazla etkilenen alanlardan biridir.
Artan sicaklik dalgalari, saganak yagislar ve deniz seviyesindeki yiikselmeler,
ulasim altyapisini1 dogrudan tehdit etmektedir (Gongalves & Ribeiro, 2020).
Bu nedenle, kentsel ulasim sistemlerinin direngli hale getirilmesi, iklim
degisikligine uyumun vazgegilmez bir bilesenidir.

Surdiirtilebilir ulasim stratejileri, enerji verimliligini artirirken ayni
zamanda karbon salimimi azaltmayr hedeflemektedir. Toplu tasima
sistemlerinin gelistirilmesi, bisiklet ve yaya ulagiminin tesvik edilmesi, diigiik
emisyonlu ara¢ teknolojilerinin yayginlastiritlmasi bu c¢abanin temel
unsurlaridir.  Altyapr  sistemlerinin  iklim kosullarima dayanikliliginin
artirllmasi i¢in mithendislik temelli ¢oziimler gelistirilmesi bu sorunlar ile bag
etmekte bir ¢ozlim niteligi tagiyabilmektedir (Dobney vd.,2010).

Ulagim yatirimlarinin mekénsal planlama siirecleriyle uyum saglayacak
nitelikte olmasi, hem altyapisal hem de toplumsal direngliligin gelisimi
agisindan kritik 6nem tasimaktadir (Eisenack vd., 2011). Boylelikle kentlerin
daha az enerji tiiketen, daha temiz hava saglayan ve afetlere karg1 daha esnek
ulasim aglarina sahip olabilmesi miimkiin olacaktir.

4.4. Yenilik¢i Teknolojiler ve Akill Sehir Yaklasimlar:

Teknolojik yenilikler, kentsel direnglilik stratejilerinin  dinamik
bilesenlerinden biridir. Dijitallesme, veri analitigi ve yapay zeka
uygulamalari, afet yonetimi ve iklim uyumu politikalarina yeni bir boyut
kazandirmistir. Akilli sehir teknolojileri, nesnelerin interneti, uzaktan algilama
ve cografi bilgi sistemleri (CBS) gibi araglarla hem 0&nleyici hem de
miidahaleci yaklagimlar1 desteklemektedir.

Erken uyar1 sistemleri afet risklerine karst zamaninda bilgi akist
saglayarak kayiplar1 azaltmaktadir. Bu teknolojiler, veri temelli yonetim
mekanizmalarinin  giiclenmesini saglamakta, karar verme siireclerinde
bilimsel 6ngdrii kapasitesini artirmakta ve sensdr aglari araciligiyla gevresel
degiskenlerin anlik olarak izlenmesi, su taskinlari, hava kirliligi veya asiri
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sicaklik gibi risklerin 6nceden tahmin edilmesini miimkiin kilmaktadir. Ayrica
yapay zeka destekli kent yonetim sistemleri, enerji verimliligi, su yonetimi ve
ulasim akig1 gibi alanlarda kaynaklarin daha etkin kullanilmasma olanak
vermektedir.

4.5. Afet Sonrasi Yeniden Yapilanma

Afetler, topluluklarin normal igleyisini bozan, fiziksel, sosyal,

ekonomik ve c¢evresel kayiplara yol agan olaylar olarak tanimlanmaktadir
(UNISDR, 2009).
Kentsel afet direncliligi, afetlerin kent sistemleri iizerindeki etkilerini en aza
indirmek, adaptasyon kapasitelerini artirmak ve kentsel iyilesme siireglerini
hizlandirmak i¢in wuygulanan kapsamli yaklagimlari ifade etmektedir
(Leichenko, 2011).

Afetler sonrasi kentlerin yeniden yapilanmasi, fiziksel yapinin
giiclendirilmesini kadar sosyal ve mekansal adaletin saglanmasini igeren
biitiinciil bir yaklasimi zorunlu kilmaktadir. Bu ¢ercevede esnek konut
tipolojileri, afet sonrasi planlamada merkezi bir rol oynamaktadir. Konutlar,
dayanikli malzeme ve yap1 teknikleri ile insa edilerek deprem, sel, firtina gibi
afetlere karg1 giivenli bir yasam alan1 sunmaktadir. Ayrica, ekonomik agidan
erisilebilir ve sosyal olarak kapsayici olmalari, yerel topluluklarin afet sonrasi
yasamini stirdiiriilebilir bir bigimde siirdiirmesini desteklemektedir.

Afet sonrasi yeniden yapilanma siirecinde, yerel kimlik ve kiiltiirel
degerlerin korunmasi, topluluklarin aidiyet duygusunu siirdiirmesini saglar.
Esnek konut tipolojileri, bu baglamda hem dayanikli hem de toplumsal
ihtiyaclar karsilayan bir yap1 yaklagimi sunar. Ayrica, siirdiiriilebilir malzeme
kullanim1 ve enerji verimliligi gibi ¢evresel faktorler, uzun vadede kentlerin

direncli ve yasanabilir olmasini desteklemektedir.

5. IKLIM DOSTU KENT YAKLASIMLARI

Iklim direngli kentler, iklim degisikliginin fiziksel, sosyal ve ekonomik
etkilerine kargi Onlem alarak hem siirdiiriilebilirlik hem de toplumsal
dayaniklilik kapasitesini artirmayi hedeflemektedir. Bu tiir kentlerde, enerji
verimliligi, yesil altyapi, su yonetimi ve diisiik karbonlu ulagim sistemleri gibi
onlemler biitlinciil bir sekilde uygulanmaktadir.
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Kopenhag, Danimarka

Kopenhag, toplumun tiim kesimlerinin ve yerel yonetimlerin karar
siireclerine aktif katilimini saglayan yaklasimiyla direngli ve siirdiiriilebilir
kent planlamasinin 6ncii 6rneklerinden biridir. 2009 tarihli Kopenhag 2030
Iklim Plani, ulasim, konut, saglik ve egitim gibi alanlarda risk analizlerini
iceren kapsamli bir yol haritasi sunmustur. Ancak 2011°de yasanan biiyiik sel
felaketi, mevcut planlarin eksikliklerini ortaya koymus ve ayn1 yil Kopenhag
Iklim Uyum Plan1 hazirlanmistir (Colakoglu,2018). Bu plan, afetler karsisinda
esnek miidahale mekanizmalar1 kurmayi, deniz seviyesinden yiiksek yapilar
inga etmeyi, altyapt sistemlerini giiglendirmeyi ve erken uyar sistemlerini
devreye sokmay1 hedeflemistir.

Sel riskine kars1 yagmur suyu depolama alanlari, yesil altyap: sistemleri
ve yagmur erken uyari sistemleri olusturulmustur. 2017 yilindaki yeni
uygulamalarla yesil alanlarin artirilmasi, yiizey sularinin kanalizasyona
ulasmadan dogal depolama alanlarinda biriktirilmesi ve %30 enerji tasarrufu
saglayacak 1sitma sistemlerinin kurulmasi planlanmistir (Duman & Bilgili,
2022). Ulagimda ise karayolu trafigini azaltma, bisiklet otobanlar1 olusturma
ve toplu tasimay1 giiclendirme hedefleriyle sera gazi salimmin disiiriilmesi
amaglanmistir (Xu,. Vd., 2021). Bu biitiinciil yaklagim, kenti Avrupa’da iklim
dostu kentsel doniisiimiin Oncli Orneklerinden biri haline getirmistir
(Monsson,2015).

Rotterdam, Hollanda

Kentin konumu, Hollanda’nin genelinde goriilen diigiikk rakimli kiy1
alanlarina ait risk profili ile birlestiginde, Rotterdam’1 iklim degisikligine
uyum stratejilerinin uygulanmasinda kritik bir 6mek haline getirmektedir
(Aerts vd., 2014). Rotterdam, suya kars1 degil, suyla birlikte yasam anlayigimi
benimsemis bir kentsel planlama yaklagimi gelistirmistir. Kent, iklim
degisikligi baglaminda ortaya ¢ikan sel ve tagkin risklerini minimize etmek
icin mavi-yesil altyapr sistemleri uygulamaktadir. Bu sistemler; gecici su
rezervuarlari, yagmur suyu toplama havuzlari, goletler, park alanlarinda su
depolama alanlar1 ve sel tahliye kanallar1 gibi bilesenlerden olusmaktadir
(Van de Ven vd., 2017). Bu strateji, kentin yalnizca altyapisal dayanikliligin
artirmakla kalmayip, ayni zamanda kentsel peyzajda ekolojik ve sosyal

faydalar yaratmaktadir. Ornegin, park alanlarinda toplanan yagmur suyu hem
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tagkin riskini azaltmakta hem de kentsel yesil alanlarin sulanmasinda
kullanilmaktadir.

Rotterdam, iklim adaptasyonu konusunda yenilik¢i teknolojileri de
kullanmaktadir. Bunlar arasinda, sel suyu depolama tanklari, yiikseltilmis
sokak ve yol sistemleri, tagkin bariyerleri ve siirdiiriilebilir drenaj sistemleri
bulunmaktadir. Ayrica, kentsel planlama kararlari, mevcut ve gelecekteki
iklim verileri gbz 6niinde bulundurularak esnek bir sekilde giincellenmektedir.
Bu strateji, Rotterdam’in iklim degisikligine karsi uzun vadeli dayaniklilik
saglama yaklasimint giiglendirmektedir (Aerts vd., 2014; Van de Ven vd.,
2017).

Vancouver, Kanada

Vancouver hem deniz seviyesinin yiikselmesi hem de artan yagis ve
sicaklik dalgalart gibi iklim risklerini yonetmek amaciyla kapsamli stratejiler
gelistirmistir (Juhola & Westerhoff, 2011). 2011°de baslatilan Greenest City
2020 Action Plan’i karbon saliminin azaltilmasi, enerji verimliliginin
artirtlmasi, yesil altyapmin yaygnlastirilmast ve toplumsal farkindaligin
yiikseltilmesini hedeflemektedir (Greenest City 2020 Action Plan). Ayrica
sehir merkezinde otomobil kullanimini azaltmak i¢in toplu tagima ve bisiklet
yollart altyapis1 giiclendirilmis, siirdiiriilebilir ulasim odakli bir planlama
yaklagimi benimsenmistir (Juhola & Westerhoff, 2011). Sehirde yagmur suyu
toplama havuzlari, yagmur bahgeleri ve yesil catilar yaygin olarak
kullanilmaktadir (Greenest City 2020 Action Plan). Sehir, yenilenebilir enerji
kaynaklarini artirmakta, binalarda enerji verimliligini tesvik etmekte ve toplu
1sitma sistemleri ile enerji tiikketimini optimize etmektedir (Greenest City 2020
Action Plan). Bu stratejiler hem karbon ayak izini azaltmakta hem de iklim
degisikligine uyum kapasitesini giiclendirmektedir (Juhola & WesterhofT,
2011).

Bursa

Bursa Biiyiiksehir Belediyesi (BBB), iklim degisikligi ile miicadele ve
sera gazi azaltimi1 konusunda ¢esitli 6nlemler uygulamaktadir. Bu kapsamda,
tarimsal sulamada gilines enerjisi sistemlerinin kurulmast ve tarim ile
hayvansal atiklardan enerji {iretimi gibi uygulamalar, kentin enerji

verimliligini artirarak karbon salimlarini azaltmay1 hedeflemektedir. Buna ek



23 | KENTSEL DIRENCLILIK: AFETLER, IKLIM VE MEKANSAL STRATEJILER

olarak, BBB, yalnizca azaltim politikalartyla sinirli kalmayarak, kentin iklim
degisikligine bagl afetlere karsi direncini artirmayr amaglayan uyum
stratejileri de gelistirmistir. Bursa, bu kapsamda ulusal diizeyde iklim
degisikligine uyum stratejileri gelistiren 6nemli sehirlerden biri olmustur.
Kentte belirlenen uyum hedefleri arasinda kentsel 1s1 adasi etkilerinin
azaltilmasi, kent i¢i su alanlarinin korunmasi, halk sagliginin iyilestirilmesi ve
yesil alanlarin artirllmast Oncelikli basliklar olarak ©ne ¢ikmaktadir. Bu
stratejik yaklasim, Bursa’nin hem c¢evresel siirdiiriilebilirlik hem de kentsel
dayaniklilik kapasitesini artirmasini saglamaktadir (BBB Enerji ve iklim
Degisikligi Uyum Plani, 2017).

Kocaeli

Kocaeli Biiyiiksehir Belediyesi, iklim degisikligi ile miicadelede
sistematik bir yaklasim benimseyerek, kenti iklim dostu ve model bir kent
haline getirmeyi hedeflemektedir (REC, 2018). Bu dogrultuda belediye, hem
enerji yonetimi hem de arazi kullanimi alanlarinda bir dizi stratejik 6nlem
geligtirmistir. Kocaeli’de enerji tiiketimini azaltmak amaciyla binalarin enerji
kimlik belgelerinin tamamlanmasi, 1s1 yalittm1 ve yesil ¢att uygulamalari,
bolgesel 1sitma/sogutma sistemleri ve akilli bina teknolojilerinin tesvik
edilmesi gibi 6nlemler uygulanmaktadir (Demir Enerji, 2017).
Bunun yani sira, catilarda gilines panellerinin yayginlastirilmasi ve sanayi
bolgelerinde titresimden elektrik iiretimi gibi yenilik¢i uygulamalar da enerji
iiretiminde diisiik karbonlu ¢oziimlere katki saglamaktadir (REC, 2018).

Kocaeli’de yeni orman alanlari olusturarak karbon yutaklarinin
artirllmasi, iklim degisikligine karst uzun vadeli direng stratejilerinin 6nemli
bir parcasidir. Ayrica arazi toplulastirmasi ve kimyasal glibre kullanimimin
azaltilmas1 gibi uygulamalar, tarimsal verimliligi artirirken ¢evresel
stirdiiriilebilirligi desteklemektedir (Demir Enerji, 2017).

Istanbul

Istanbul, Tiirkiye nin en yogun niifuslu ve ekonomik acidan en dinamik
kenti olarak, iklim degisikliginin etkilerine en agik sehirlerden biridir.
Ozellikle asir1 yagislar, ani seller, sicak hava dalgalari, deniz seviyesi
yiikselmesi ve hava kirliligi gibi riskler, kentin ¢evresel slirdiiriilebilirligini ve
yasam kalitesini dogrudan etkilemektedir (IBB, 2020). Istanbul Biiyiiksehir
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Belediyesi (IBB) tarafindan hazirlanan Istanbul iklim Uyum Plan1 (2018),
kentin iklim degisikligine karsi dayanikliligini artirmayr amaglayan ilk
stratejik belgedir. Plan kapsaminda 6zellikle sel, taskin ve 1s1 adasi etkisine
karsi direng gelistirilmesi one ¢ikmaktadir (iBB, 2018).
Bu cercevede, yagis rejimindeki degisikliklere uyum saglamak amaciyla
yagmur suyu yOnetimi, gec¢irgen yiizeylerin artirilmasi, yesil altyapi
uygulamalari ve dogal drenaj sistemlerinin korunmasit gibi hedefler
belirlenmistir.

Istanbul, 2015 yilinda C40 Cities agma katilarak karbon emisyonlarimi
azaltma yoniinde uluslararasi taahhiitlerde bulunmustur. Bu dogrultuda
hazirlanan Siirdiiriilebilir Enerji ve Iklim Eylem Plan1 (SECAP) kapsaminda,
2030 yilma kadar sera gazi salimlarmin %33 oraninda azaltilmasi
hedeflenmistir (IBB, 2021).

Kentte toplu ulagim yatirnmlarinin gii¢lendirilmesi, elektrikli otobiis
hatlar1, bisiklet yollar1 ve akilli ulagim sistemleri gibi diisiik karbonlu
coziimler gelistirilmektedir. Ayrica kamu binalarinda enerji verimliligi
artirllmis, giines panelleri ve yenilenebilir enerji pilot projeleri baglatilmistir.
Kentin iklimsel dayanikliligini artirmak amaciyla yesil alanlarin korunmasi ve
artirllmasi hedeflenmistir (Yedekei Arslan, 2019).

6. TARTISMA VE SONUC

Stirdiiriilebilirlik ve direnglilik kavramlari, kentsel planlama ve tasarim
alaninda birbirini tamamlayan fakat farkli vurgu alanlarma sahip iki temel
gergeve sunmaktadir. Siirdiiriilebilirlik, ¢cevresel koruma, ekonomik denge ve
toplumsal esitlik arasinda uzun vadeli bir istikrar kurmayr hedeflerken;
direnclilik, bu dengenin krizler karsisinda korunabilmesini ve gerektiginde
doniiserek  yeniden ingsa edilebilmesini saglamaktadir. Dolayisiyla
stirdiiriilebilir bir kentin ayn1 zamanda direngli olmasi, direngli bir kentin ise
stirdiiriilebilirligi gozetmesi gerekmektedir. Bu iki yaklagimin kesisiminde,
iklim dostu kent anlayis1 ortaya ¢ikmakta ve ¢agdas kentsel yonetisimin temel
eksenlerinden birini olusturmaktadir.

Mimarlik ve sehircilik disiplinleri agisindan bu iki kavram, mekanin
iretim bi¢imini doniistiirlicti bir potansiyele sahiptir. Lefebvre’nin (2003)
vurguladig1 gibi, kent yalmzca fiziksel bir yap1 degil, toplumsal iligkilerle

siirekli yeniden {iretilen bir siirectir. Bu nedenle, mimarlik disiplini
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stirdiiriilebilirlik ve direnglilik arasindaki koprii roliinii iistlenerek, doga
temelli ¢ozlimleri, sosyal adaleti ve kiiltiirel siirekliligi birlikte diislinen
biitiinciil bir yaklasim gelistirmelidir.

Tiirkiye 6rneginde, Bursa, Kocaeli ve Istanbul gibi biiyiiksehirlerde
hazirlanan iklim eylem planlari, bu doniisiimiin 6nemli adimlaridir. Ancak bu
planlarin basartya ulasmasi, teknik uygulamalar kadar yerel topluluklarin
katilimina, kurumlar arasi is birligine ve veriye dayali yonetisim modellerine
baghdir. Ozellikle afet sonrasi yeniden yapilanma, mavi-yesil altyap:
sistemleri, siirdiiriilebilir ulagim stratejileri ve akilli sehir teknolojileri gibi
uygulamalar, kentlerin c¢evresel ve toplumsal direngliligini giiclendiren ¢ok
boyutlu araglar olarak 6ne ¢ikmaktadir.

Sonug olarak, iklim dostu kentlerin insasi, yalnizca ¢evre politikalarinin
degil, sosyal adalet, mekansal esitlik ve toplumsal refah ilkelerinin de
biitiinlesik bicimde ele alinmasimni gerektirmektedir. Gelecegin kentleri,
kaynaklarin1 korurken degisime uyum saglayabilen, teknolojiyi insan odakli
kullanan ve kolektif 6grenmeyi tesvik eden sistemler tizerine kurulmalidir. Bu
doniislim, siirdiiriilebilirlikten direnglilige, direnglilikten ise daha kapsayici bir
kentsel gelecek vizyonuna dogru uzanan biitlinciil bir stratejiyle miimkiin

olabilecegi goriilmektedir.
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INTRODUCTION

The concept of urban resilience initially emerged under the influence of
engineering and ecological disciplines, focusing on the continuity and recovery
speed of physical systems. In recent years, however, it has evolved into a more
holistic framework that places social processes at its center. This
transformation, while acknowledging the importance of infrastructure and
institutional capacity, highlights that the ability of cities to withstand and
recover from shocks is fundamentally determined by communities’ capacities
to build trust, cooperate, adapt, and transform. In other words, social resilience
should be understood not as a complementary but as a constitutive dimension
of urban resilience.

This chapter aims to position social resilience within the field of urban
resilience across conceptual, methodological, and practical dimensions. First,
social resilience is defined as a capacity that operates in mutual interdependence
with physical and institutional layers, enabling not merely a “return” to pre-
crisis conditions but a transformative leap toward a more equitable and
inclusive order in the aftermath of crises. Second, the chapter synthesizes the
international literature on social resilience—particularly debates on indicators,
methodologies, governance, and equity—into a coherent analytical framework.
Finally, through the lens of the Turkish experience—including diverse risk
contexts such as earthquakes, forest fires, and public-health crises—the chapter
examines how social capacity is generated through specific institutional
arrangements and spatial configurations, as well as where it encounters
structural bottlenecks.

The decisive role of social resilience is critical for two main reasons.
First, during crises, outcomes are shaped less by the mere availability of
resources than by how rapidly those resources can be mobilized; this, in turn,
depends on the accumulation of social capital grounded in trust, reciprocity, and
a culture of collective organization. Second, post-crisis decisions determine the
long-term trajectory of urban development: while non-inclusive interventions
may institutionalize inequalities, participatory processes enhance community
capacity and strengthen the legitimacy of governance. Within this framework,
social resilience functions as a “connective tissue” linking the physical and

institutional layers of urban systems.
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The Turkish context provides a tangible illustration of this argument.
During the 1999 Marmara earthquake, spontaneous solidarity practices
revealed the critical role of neighborhood-level networks when official
capacities proved insufficient. In the following years, neighborhood-based
volunteer programs and local civil initiatives demonstrated that preparedness
can be sustained not only through technical protocols but also through
proximity-based organizations embedded in everyday life. The 2023
Kahramanmaras earthquakes further confirmed that when centralized
coordination fails to integrate with local flexibility, major disruptions emerge—
whereas grassroots initiatives led by women, youth, and migrant communities
play a strategic role both in the immediate response and in long-term recovery.

Accordingly, this chapter revolves around three key questions:
(i) Conceptually, how should social resilience be framed within urban
resilience, and what does the distinction between “bouncing back™ and
“bouncing  forward” imply for  planning and  governance?
(i1) Methodologically, through which indicators and mixed-method approaches
(such as participatory GIS, network analysis, narrative-based methods, and
longitudinal monitoring) can social resilience be reliably measured?
(iii) Practically and politically, what does the Turkish experience reveal about
the institutional arrangements, financial mechanisms, and neighborhood-level
tools through which social capacity can be sustained?

The chapter is structured as follows: Section 2 develops the theoretical
framework of social resilience, tracing its historical evolution and its
intersection with social, physical, and institutional layers as well as with equity
and power dynamics. Section 3 discusses methodological approaches to
measuring social resilience, outlining how it can be operationalized in practice
through indicator matrices, participatory GIS, storytelling, and network
analysis. Section 4 focuses on the governance dimension, examining the
institutional manifestations of equity and participatory capacity at the local
scale, including the roles of volunteer networks, women’s and youth initiatives,
and civil society in resilience policies in Tiirkiye. Section 5 provides a
longitudinal analysis of the Turkish experience, exploring how community-
based and institutional aspects of social resilience have evolved across major
earthquakes—Marmara (1999), Van (2011), izmir (2020), and Kahramanmaras
(2023). Finally, Section 6 presents the overall conclusions and policy
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recommendations, emphasizing key steps such as the institutionalization of
local capacity, neighborhood-level continuity, inclusive governance, social
justice enhancement, and the integration of digital solidarity into institutional
frameworks.

1. THEORETICAL FRAMEWORK

1.1. The Evolution of the Resilience Concept

Resilience is defined as a system’s capacity to maintain its functions in
the face of external shocks or stresses, to absorb disturbances, and to reorganize
itself when necessary through adaptive processes. Initially, this capacity was
approached within ecological and engineering frameworks that emphasized
maintaining functionality and recovery after disturbances (Holling, 1973).
However, in the field of urban studies, the concept has expanded to encompass
social processes as well (Davoudi, 2012; Meerow, Newell, & Stults, 2015).

The ecological tradition highlights the system’s ability to persist and
adapt (Holling, 1973), whereas the engineering tradition focuses on rapid
recovery and the reestablishment of performance levels (Manyena, 2006). In
contrast, urban social sciences conceptualize resilience in relation to learning,
collective action, participation, and transformative change (Goldstein,
Wessells, Lejano, & Butler, 2015; Coaffee et al., 2018).

Accordingly, resilience is understood not merely as a physical property
but as a capacity co-produced through the interaction of social, institutional,
and spatial layers (Romero-Lankao, Gnatz, Wilhelmi, & Hayden, 2016). This
evolution shifts the analytical focus from “bouncing back” toward “adaptation”
and ultimately “bouncing forward,” requiring that success be evaluated not only
by the speed of recovery but also by the capacity to transition toward a more
equitable, participatory, and institutionally learning-oriented order (Davoudi,
2012; Meerow, Newell, & Stults, 2015).
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Figure 1. The Evolution of Resilience Approaches (Source: Compiled by the author
(Holling, 1973; Manyena, 2006; Davoudi, 2012; Meerow et al., 2015))
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continuity (Holling,
1973); system
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Normative goal:
Recovery and

Engineering Approach

e Focus: Rapid recovery
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Urban—Social Approach

e Focus: Learning,
participation, and justice;
co-production, governance,
and power relations

e Normative goal:
Transformative leap
(Davoudi, 2012; Meerow et

adaptation al., 2016)

Figure 2 illustrates that the concept of resilience has expanded in content
and evolved toward higher normative goals over time. In its initial stage, the
ecological approach defines resilience as the effort of systems to persist despite
external shocks and to maintain balance without exceeding critical thresholds
(Holling, 1973). The subsequent engineering approach measures how quickly
and to what level of performance a system can recover after disruption; at this
stage, success is assessed by the speed of repair and the time required to restore
functionality (Manyena, 2006). The contemporary urban—social approach,
however, aims not only for the restoration of infrastructure but also for a
transition toward a new order grounded in learning, participation, and justice
(Davoudi, 2012; Meerow, Newell, & Stults, 2015). Thus, the focus of resilience
evolves from bouncing back to adaptation and ultimately to bouncing forward.

This evolution also transforms the criteria of success. During the
bouncing back phase, the key question is “How quickly did we recover?”; in
adaptation, it becomes “Has the likelihood of similar losses decreased?”’; and
in bouncing forward, it shifts to “For whom, how, and toward what kind of new
order?” Progress at this level is indicated by simultaneous improvements in
equity indicators (such as access to services and reduced exposure to risk), the
institutionalization of participation (representation and accountability), and
institutional learning (the consolidation of new rules and tools).

For instance, post-disaster repair alone represents bouncing back;
retrofitting and redesign reflect adaptation; while reconfiguring decisions on
transport, housing, and public space through participatory processes that reduce
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access inequalities embodies bouncing forward. In short, both theory and
practice demonstrate a left-to-right expansion in content and a bottom-to-top
elevation in normative goals: resilience has shifted from a technical objective
of recovery to a transformative framework encompassing social justice and
governance dimensions.

1.2. Social Resilience: Definition and Components

Social resilience is defined as the capacity of communities to remain
cohesive in the face of shocks, to sustain their core functions, to adapt through
learning, and, when necessary, to transform their institutional and spatial
arrangements (Adger, 2000; Cutter et al., 2008; Norris et al., 2008). This
capacity operates through four fundamental components:

(i) social capital and trust (Aldrich, 2012),

(i1) collective action and participation (Goldstein et al., 2015),

(iii) equity and inclusiveness (Meerow & Newell, 2016), and

(iv) social learning and innovation (Goldstein et al., 2015).

These components shape the entire continuum of resilience from the
immediate mobilization in the first hours of a crisis to the long-term processes
of recovery and adaptation (Eakin et al., 2017).

Table 1. Components and Functions of Social Resilience (Source: Compiled by the
author (Aldrich, 2012; Goldstein et al., 2015; Meerow & Newell, 2016; Eakin et al.,

2017).
Component Brief Definition Function During Policy Outcome
Crisis
Social Capital ~ Trust, reciprocity, Rapid mobilization Reduced coordination
network density and increased costs
resource circulation
Participation Meaningful Enhanced legitimacy =~ Lower resistance to
involvement in and sense of implementation
decision-making ownership
processes
Equity Distributive, Reduced Strengthened trust and
procedural, and vulnerability and risk  social cohesion
recognitional justice concentration
Learning / Knowledge sharing, Accelerated Institutional capacity
Innovation trial-and-error, co- adaptation and becomes sustainable
production innovation
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Table 1 systematically illustrates the four key components of social
resilience—social capital, participation, equity, and learning/innovation—
along with their functions across different phases of a crisis and their expected
policy outcomes. These components reinforce one another; however, when one
remains weak, it becomes the weakest link that determines the overall
performance of the resilience chain.

i) Social Capital (Trust—Reciprocity—Network Density)

Social capital refers to the strength of trust, reciprocity, and solidarity
relations among individuals and institutions. During crises, these networks
enable the rapid circulation of information, equipment, and human resources,
thereby increasing the immediate response capacity in the first hours. As a
result, coordination costs decrease, and less time and fewer resources are
required to achieve the same outcomes.

Example: Neighborhood WhatsApp groups, volunteer platforms, and
established networks of local NGOs can swiftly organize non-search-and-
rescue support such as shelter, food, and childcare or eldercare.

Measurable indicators: Neighborhood trust score; number of regular
collective events; number of volunteer registrations and total active volunteer
hours.

ii) Participation (Meaningful Involvement in Decision-Making)

Participation refers to the meaningful inclusion of residents in the cycle
of need identification, prioritization, implementation, and monitoring. As
participation gains depth and quality, legitimacy and a sense of ownership
increase, leading to fewer objections and faster implementation of decisions.
Consequently, resistance to implementation decreases.

Example: Determining temporary post-disaster housing areas through
neighborhood meetings and focus groups that include vulnerable populations
such as women, children, migrants, and the elderly.

Measurable indicators: Number of neighborhood meetings and
participation rates; citizen submissions in budgeting/planning processes;
average response time to public feedback.

iii) Equity (Distributive—Procedural-Recognitional Justice)

Equity encompasses the fair distribution of resources and risks, equal
access to decision-making processes, and the recognition of identities and
vulnerabilities. When this dimension is embedded in policy and practice,
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vulnerability and risk concentration decrease, while trust and social cohesion
across society are strengthened.

Example: Creating new micro-parks and pedestrian corridors in
neighborhoods with limited access to assembly areas; allocating housing and
services based on criteria such as income and caregiving responsibilities.

Measurable indicators: Walking time to essential services; risk exposure
maps; representation rates of disadvantaged groups.

iv) Learning / Innovation (Knowledge Sharing—Trial and Error—Co-
Production)

Learning and innovation refer to the process through which experiences
gained during crises are transformed into institutional knowledge, leading to
the development of new tools and regulations. As this capacity increases,
adaptation accelerates, and resilience becomes a sustainable institutional
function.

Example: Updating standard operating procedures after drills; co-
producing disaster maps through open data portals and participatory GIS.

Measurable indicators: Annual number of drills; number of updated
procedures or manuals; number of open datasets and users; number of
innovative pilot projects.

Mobilization arises from social capital, legitimacy from participation,
justice from equity, and sustainability from learning. When all four components
operate simultaneously, cities not only recover rapidly but also advance toward
a more inclusive and learning-oriented order. Therefore, policy design should
move away from “isolated solutions” and instead develop integrated programs
that combine network strengthening, participatory design, equity auditing, and

learning mechanisms.

1.3. Multi-Layered Model: Social-Physical-Institutional

Interaction

Urban resilience is conceptualized as a multi-layered system in which the
physical, institutional, and social layers operate in mutual interdependence. The
physical layer includes infrastructure, the built environment, and open spaces;
the institutional layer encompasses governance, legislation, finance, and
organizational structures; and the social layer involves trust, participation,
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belonging/identity, and social networks (Bozza, Asprone, & Manfredi, 2015;
Irani & Rahnamayiezekavat, 2021).

This interdependence demonstrates that improvement within a single
layer yields only limited effects unless other layers are simultaneously
activated. Conversely, when coherence across layers is achieved, a multiplier
effect emerges. In particular, the social layer functions as the “connective
tissue” that translates physical investments and institutional decisions into
meaningful collective action (Romero-Lankao, Gnatz, Wilhelmi, & Hayden,
2016; Coaffee et al., 2018). In other words, even a well-developed road network
(physical) and a detailed crisis plan (institutional) can only lead to rapid
mobilization when trust and participation—the core elements of the social

layer—are present.
Three-Layered Urban Resilience Model

Physical Layer
(Infrastructure & Built Environment)
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(Governance & Policy)
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Figure 2. Three-Layer Urban Resilience Model (Source: Compiled by the author)

Figure 2 visualizes the multi-layered structure of urban resilience,
composed of physical systems, institutional mechanisms, and the social
dimension (Bozza et al.,, 2015; Romero-Lankao et al., 2016; Irani &
Rahnamayiezekavat, 2021). The social layer, positioned at the center, is
conceptualized as the “connective tissue” that translates the other layers into

collective action.
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Table 2. Causal Links Across Layers (Operational Hypotheses) (Source: Compiled by
the author.)

Causal Pathway Mechanism Measurable Outcome
Quality of public Increased frequency of ~ Neighborhood trust score /
space — Social encounters strengthens improvement (Aldrich, 2012)
encounters trust
Participatory Reduced conflict costs Higher speed and durability of
processes — and enhanced consent implementation (Coaffee et al.,
Legitimacy 2018)

Equitable distribution =~ Decreased risk Shortened recovery time
— Vulnerability concentration (Meerow & Newell, 2016)

Table 2 illustrates the potential causal pathways among layers and the
mechanisms through which they operate (Aldrich, 2012; Coaffee et al., 2018;
Meerow & Newell, 2016). These hypotheses can be empirically tested using
the indicators proposed in the following sections.

e Public space quality — Social encounters: As pedestrian-oriented
squares, micro-parks, and safe access networks increase, everyday
encounters become more frequent. Such encounters foster familiarity
and trust, which in turn enhance spontaneous self-organization
capacity during crises. In neighborhoods where this pathway is
strong, the circulation of information and resources during the first
hours of a crisis occurs more rapidly. Example indicators: Square
meters of public space accessible within a 10-minute walking
distance; number of neighborhood events.

e Participatory processes — Legitimacy: When decisions are made
through transparent and inclusive processes, objections and delays
during implementation decrease. Legitimacy strengthens voluntary
contributions and local ownership, leading to faster and more
complete realization of plans on the ground. Example indicators:
Participation rate in planning/budget meetings; average response time
to public feedback; implementation delay index.

e Equitable distribution — Vulnerability: When resources and services
are distributed according to principles of equity, spatial concentration
of risk is reduced. Consequently, clusters of extreme vulnerability do
not emerge in specific neighborhoods, and post-disaster recovery
times shorten. Example indicators: Differences in access time to
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essential services; population share living in high-risk parcels;
average time to restore services after disasters.

The layers function in parallel rather than in sequence. For instance,
improving only public space quality does not generate the expected levels of
trust or organization unless participation and equity accompany it. Therefore,
interventions should be designed as integrated packages (public space
improvement + participatory process + equity auditing).

1.4. Equity and Power Dynamics

Resilience is not only about a system’s capacity to recover but also about
for whom and how this capacity is produced. In other words, a city or
community being resilient does not necessarily mean that all its residents have
equal opportunities to recover and adapt. Therefore, the concept of social
resilience requires an explicit consideration of justice, inclusiveness, and power
relations.

Social inequalities are fundamental factors that shape both the causes and
consequences of vulnerabilities. Women, children, the elderly, migrants,
persons with disabilities, and low-income groups often bear the highest risks
during disasters and crises. However, these groups can also play crucial roles
in organizing solidarity networks and cultivating local cultures of resilience.
This makes the questions of “for whom” and “under what conditions” resilience
is produced not merely technical but deeply ethical and political (Leitner,
Sheppard, Webber, & Colven, 2018; Meerow & Newell, 2019).

In resilience planning, justice is typically addressed through three
interrelated dimensions:

1. Distributive Justice: The fair spatial and social distribution of
resources, services, and risks. This requires, for example, that post-disaster
housing, health, education, and infrastructure services be equally available
across all neighborhoods, not just in central or high-income areas (Meerow &
Newell, 2016).

2. Procedural Justice: Concerns who participates in planning and
decision-making processes, to what extent, and in what form. Participation
should move beyond mere “information sharing” to become a form of co-
produced governance. As the quality of participation improves, the legitimacy
and implementability of decisions are strengthened (Coaffee et al., 2018).
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3. Recognitional Justice: Involves making the identities, needs, and
experiences of social groups visible. This ensures that the differentiated needs
of migrants, women, or persons with disabilities are not overlooked within
standardized solutions. Recognition is the foundation of trust and belonging
(Eakin et al., 2017).

When these three dimensions of justice are addressed together, social
resilience gains a transformative character rather than being limited to mere
endurance. Policies that overlook equality in post-crisis processes may
inadvertently institutionalize vulnerability, whereas equity-centered and
participatory approaches reinforce both trust and a culture of solidarity.

In this regard, the role of the planning discipline is to translate justice
from an abstract notion into measurable indicators. Some illustrative indicators
that can be used within a social resilience framework are presented below:

Table 3. Justice-Based Social Resilience Indicators (Source: Compiled by the author.)

Dimension of Possible Indicators Explanation / Commentary
Justice
Distributive Difference in post-disaster If poor or disadvantaged areas take
Justice housing and service longer to regain access to services,
access times vulnerability increases.
Procedural Proportion of diverse Are women, youth, and migrants
Justice groups participating in included? Is representation fair?

consultation meetings
Recognitional Number of identity-based ~ Which vulnerable groups are

Justice analyses in planning identified in plans, and what
documents targeted policy proposals are
provided?

The justice indicators presented in Table 3 serve not only as technical
criteria but also as accountability tools for assessing the ethical and governance
quality of planning processes. A city’s resilience performance should be
measured not only by the robustness of its infrastructure but also by for whom
that infrastructure functions.

In the Turkish context, this debate becomes tangible within the
centralization—locality tension. As seen during the 2023 Kahramanmaras
earthquakes, despite strong central coordination, the limited scope of local
participation led to implementation delays in several regions. Conversely,

solidarity mechanisms developed through the networks of women’s
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organizations, neighborhood volunteers, and migrant communities
demonstrated that justice can be built not only through state mechanisms but
also through the dynamics of society itself.

Hence, the social resilience approach focuses not only on who is more
vulnerable but also on who gets to decide and whose voice is heard. When these
two dimensions are considered together, resilience policies can aim not merely
at returning to the previous state but at advancing toward a more just and

inclusive order.

2. METHODOLOGICAL APPROACHES AND THE

DIMENSION OF MEASUREMENT

Social resilience, beyond being an abstract concept, possesses a structure

that can be translated into measurable components. Such measurements aim not
only to capture immediate responses during crises but also to understand
communities’ long-term capacities for learning, adaptation, and solidarity. In
the literature, this transformation is often explained through the “structure—
attribute—indicator” model (Adger, 2000; Norris et al., 2008; Meerow &
Newell, 2016).

According to this approach:

e Structures represent the fundamental components of social resilience
(social capital, participation, equity, and learning).

e Attributes are the observable manifestations of these structures in
practice (for instance, trust, quality of representation, and knowledge
sharing).

o Indicators are the quantitative or qualitative data used to measure

these attributes, providing an empirical representation of resilience.

2.1. Indicators of Social Resilience

The following table presents an example framework that can be used to
translate the dimensions of social resilience into measurable indicators. It
brings together indicators commonly used in both international literature
(Aldrich, 2012; Romero-Lankao et al., 2016; Champlin, Sirenko, & Comes,
2023) and Turkish case studies.
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Table 4. Example Indicators and Data Sources for Measuring Dimensions of Social

Resilience (Source: Compiled by the author.)

Structure Attribute Sample Indicators Possible Data
Source
Social Capital Trust/reciprocity Neighborhood trust Surveys;
score; number of municipal records;
regular collective volunteer
events databases
(Aldrich, 2012)
Participation = Representation / Number of Council minutes;
influence neighborhood e-government data
meetings; (Coaffee et al.,
participation rate; 2018)
citizen feedback
response time
Equity Access / Walking time to GIS; risk maps
distribution services; risk (Meerow &
intensity; Newell, 2016)
representation of
disadvantaged groups
Learning / Knowledge Frequency of drills; AFAD; NGO
Innovation sharing / volunteer training records; open data
institutional hours; number of platforms
adaptation updated procedures (Romero-Lankao
et al., 2016)

These indicators can be supported by both quantitative and qualitative
data. For instance, a “neighborhood trust score” can be measured through
survey questions, whereas the “prevalence of a solidarity culture” can be
explored through in-depth interviews. Therefore, the most robust analyses are
conducted using mixed-method approaches, combining numerical data with
experiential insights.

2.2. Participatory and Digital Methods

Traditional surveys and statistical models may fail to fully capture the
depth and dynamics of social relationships. Therefore, participatory and digital
methods have become increasingly prominent in contemporary analyses of
social resilience.

Participatory GIS (Co-Produced GIS): This method involves citizens,
volunteers, or local groups in map-based data production. For instance,
residents can mark ‘“safe assembly areas” or “inaccessible parks” at the
neighborhood scale, turning these inputs into valuable planning data. Such
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approaches enhance both spatial accuracy and community ownership
(Goldstein, Wessells, Lejano, & Butler, 2015).

Narrative / Storytelling: Sharing disaster and crisis experiences through
personal stories strengthens community memory. When combined with
qualitative data analysis, these narratives make abstract indicators—such as
trust, solidarity, and learning—more visible and interpretable.

Social Network Analysis: This method maps interactions among
communities using data from social media, volunteer registration systems, or
communication platforms. It allows researchers to measure the density of
information flows and solidarity networks (Feinberg, Ghorbani, & Herder,
2020).

Open Data and Digital Traces: Post-disaster volunteer movements,
social media hashtags, and mobile application data can be analyzed to assess
communities’ spontaneous self-organization capacity during crises (Champlin,
Sirenko, & Comes, 2023).

2.3. The Significance of the Methodological Approach

The common feature of these methods is that they move resilience
beyond a technical performance metric and frame it as a social process and
learning practice. Measurements based solely on physical infrastructure fail to
capture the invisible dimensions of social resilience—such as trust, solidarity,
and cultural belonging. Therefore, measurement approaches must integrate
quantitative indicators with qualitative insights emerging from participatory
processes.

In the Turkish context, if local governments adopt these methods, it will
become possible to integrate pre-disaster risk maps with social data sets. This
would enable not only the identification of which areas are at risk but also
which communities have weaker capacities to cope with those risks.

These indicators and methods demonstrate that social resilience must be
assessed not only at the community level but also in terms of governance
structures and inter-institutional interactions. While quantitative indicators
reveal general trends in infrastructure and service accessibility, participatory,
narrative, and digital-trace-based qualitative methods capture the deeper layers
of social trust, solidarity, and learning capacity.
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This mixed-method approach allows resilience to be conceptualized not
as a mere “bouncing back” process, but as a practice of transformative
adaptation and social renewal (Bozza, Asprone, & Manfredi, 2015; Goldstein,
Wessells, Lejano, & Butler, 2015; Champlin, Sirenko, & Comes, 2023).

Accordingly, the next section— “Governance, Equity, and Participatory
Capacity”—builds upon this methodological framework to explore its practical
implications: how local actors participate in decision-making processes, how
justice is represented at the institutional level, and how participation influences
the legitimacy of governance (Romero-Lankao, Gnatz, Wilhelmi, & Hayden,
2016; Meerow, Pajouhesh, & Miller, 2015).

3. THE GOVERNANCE DIMENSION: INSTITUTIONAL
REFLECTIONS OF EQUITY AND PARTICIPATORY
CAPACITY

Resilience is not merely an individual or community-based skill but also
the capacity of institutional systems to learn collectively and act collaboratively.
Therefore, in assessing social resilience, the quality of governance structures
plays a decisive role. Governance refers to how knowledge, resources, and
decision-making power are distributed among the state, local governments,
civil society, and individuals (Bulkeley & Broto, 2013; Davoudi, 2018).

As discussed in the theoretical section, equity provides the ethical
foundation of social resilience, while governance translates this foundation into
institutional and operational forms. Participatory, transparent, and justice-
oriented governance models ensure both equitable distribution of resources and
the active inclusion of vulnerable groups in decision-making processes
(Meerow & Newell, 2016; Leitner et al.,, 2018). Thus, the governance
dimension reveals not only #ow resilience is produced, but also by whom and
for whom (Romero-Lankao et al., 2016).

Traditional hierarchical models of disaster and crisis management often
limit public participation and restrict social learning. In contrast, contemporary
resilience approaches embrace a multi-level governance framework, aiming to
establish flexible collaboration networks among central, regional, and local
actors. This network functions as a bridge between formal institutions (e.g.,
municipalities, AFAD) and informal community structures (e.g., neighborhood
volunteers, local NGOs) (Coaffee, 2018; Champlin, Sirenko, & Comes, 2023).
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This section examines the institutional dimensions of social resilience
under three subheadings:

1. The Role of Local Actors

2. Participatory Capacity and Legitimacy

3. Civil Society and Volunteer Networks

Each subsection integrates conceptual foundations from international
literature with empirical insights drawn from Tiirkiye’s experience between
1999 and 2023.

3.1. The Role of Local Actors

Local governments are the most visible and effective carriers of social
resilience, as the impacts of crises are primarily felt at the local scale—and
recovery processes begin there. Municipalities, neighborhood units, and local
councils play key roles both in knowledge production and in facilitating
community participation in decision-making processes (Bozza, Asprone, &
Manfredi, 2015; Davoudi, 2018).

The success of local actors depends not only on institutional capacity but
also on the trust relationships they establish with communities. Practices such
as participatory budgeting, neighborhood forums, disaster-preparedness
training, and local data-sharing platforms help to reinforce this trust. In Tiirkiye,
disaster preparedness plans developed in cities such as Izmir, Eskisehir, and
Gaziantep demonstrate how collaboration between municipalities, NGOs, and
universities enhances social resilience.

Strengthening social resilience at the local level cannot be separated from
national strategies. However, the current system—where central institutions
(e.g., AFAD) act as coordinators and municipalities as implementers—often
limits flexibility in decision-making. The proposed alternative is a multi-level
and multi-actor governance model, where decisions are shaped not top-down,

but through mutual knowledge exchange and collective learning.

3.2. Participatory Capacity and Legitimacy

The sustainability of resilience depends not only on how resources are
distributed but also on how decisions are made. Participation is one of the most
critical dynamics of social resilience, as involving individuals in decisions
concerning their living environments enhances both legitimacy and

sustainability (Coaffee, 2018; Davoudi, 2018). In this context, participatory
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capacity refers to a community’s ability to generate knowledge, deliberate,
negotiate, and make joint decisions.

Participatory capacity manifests at three levels:

e Access to information: The ability of communities to reach
information on risks, services, and rights.

e Representation: The active inclusion of diverse groups (women,
youth, persons with disabilities, migrants, etc.) in decision-making
bodies.

e Interaction: The openness and continuity of feedback channels
between citizens and local governments.

All these elements represent the practical dimensions of procedural
justice, which aims for equality not only in outcomes but also in processes
(Leitner, Sheppard, Webber, & Colven, 2018; Meerow & Newell, 2016). When
decision-making is confined solely to technical expertise, social trust and
belonging weaken. Conversely, deliberative mechanisms improve both the
quality of information and the effectiveness of implementation.

The power of participation to generate legitimacy becomes particularly
evident during post-disaster reconstruction. Between the 1999 Marmara and
2023 Kahramanmaras earthquakes, the institutional capacity of civil society
and local initiatives in Tiirkiye has significantly expanded. Organizations such
as Mahalle Afet Goniillileri (Neighborhood Disaster Volunteers), AKUT,
AHBAP, and local women’s initiatives have directly participated in decision-
making, forming an alternative and participatory governance culture that
complements state-led interventions. These examples illustrate that solidarity
can evolve not only through aid-based relations but also through shared
decision-making and responsibility.

Moreover, digital tools—such as open data portals, disaster mapping
platforms, and volunteer applications—have expanded the spatial and temporal
boundaries of participation. Through these platforms, citizens become not only
consumers of information but also producers of data (Champlin, Sirenko, &
Comes, 2023). Consequently, information flows shift from one-way (top-down)
to bottom-up and horizontal forms of organization.

The development of participatory capacity strengthens not only local
resilience but also governance legitimacy. When shared knowledge leads to
shared decisions, responsibility becomes collective. Therefore, social resilience
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signifies not only the empowerment of communities but also the
democratization of governance (Romero-Lankao, Gnatz, Wilhelmi, & Hayden,
2016).

3.3. Civil Society and Volunteer Networks

The invisible backbone of social resilience is formed by civil society
organizations (CSOs) and volunteer networks that can mobilize rapidly during
times of crisis. These structures act as bridges in areas where formal governance
mechanisms are unable to reach, strengthening both information flows and the
community’s internal capacity for mutual support (Aldrich, 2012; Champlin,
Sirenko, & Comes, 2023). What empowers civil society in this context is its
flexibility and trust-based organizational form. Unlike the hierarchical
structures of centralized authorities, volunteer networks operate through
horizontal relationships, which not only accelerate decision-making but also
enable more context-sensitive and realistic solutions based on local knowledge
(Goldstein, Wessells, Lejano, & Butler, 2015).

In Tiirkiye, the role of civil society became particularly visible after the
1999 Marmara earthquake. During this period, organizations such as AKUT
and Neighborhood Disaster Volunteers (MAG) emerged as pioneers not only in
search-and-rescue operations but also in community-based learning processes
(Oztiirk & Aka, 2023; Petal & Izadkhah, 2008). The 2011 Van earthquake and
2023 Kahramanmaras earthquakes accelerated the digital transformation of
volunteer networks. Initiatives such as AHBAP, Afet Platformu, and Deprem.io
exemplify successful cases of digital governance, facilitating data sharing,
resource coordination, and rapid mutual aid (Eraydin & Tasan-Kok, 2013;
Karatag & Bek, 2024).

These volunteer structures have evolved beyond the traditional
“charitable aid organization” model by institutionalizing active learning, social
responsibility, and a culture of local solidarity. For example, AHBAP’s
community centers in disaster zones not only provide humanitarian aid but also
strengthen information exchange and psychosocial support mechanisms among
residents. Such networks sustain one of the most critical dimensions of social
resilience: a sense of belonging and community identity (Kaya, 2025).

From an academic perspective, volunteer networks operate on two main

levels:
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e Bonding social capital: Mutual support and trust among individuals

who share similar backgrounds or experiences.

e Bridging social capital: The transfer of knowledge, resources, and

experience between different groups.

Together, these two dimensions ensure the sustainability of resilience not
only during crises but also in preparation and recovery phases (Aldrich, 2012).

In conclusion, civil society and volunteer networks transform social
resilience from a technical process into an ethical, emotional, and cultural
domain of collective learning. The Turkish experience demonstrates that trust-
based local relationships can generate faster and more effective outcomes than
institutional resilience mechanisms at the national scale.

The dimensions discussed in this section—governance, participation,
and civil society—collectively illustrate that social resilience is shaped not only
by technical capacity but also by social trust, justice, and legitimacy.
Organizing governance structures in a multi-level and inclusive manner enables
communities to participate in producing and implementing their own decisions.
This transforms resilience from a top-down intervention into a locally grounded
social process (Coaffee, 2018; Davoudi, 2018; Meerow & Newell, 2016).

The Turkish case clearly demonstrates how this multi-layered structure
has evolved over time. From the 1999 Marmara earthquake to the 2023
Kahramanmaras earthquakes, the organizational capacity of civil society, the
role of local governments, and the digitalization of volunteer networks have
significantly expanded. This transformation shows that governance systems can
indeed shift from centralized reflexes to participatory, adaptive, and
collaborative models (Aldrich, 2012; Kaya, 2023).

Thus, social resilience is not merely the ability to respond to crises, but
the capacity to generate institutional and societal transformation from within
them. The next section will examine in detail how this transformation has
unfolded in the Turkish context, identifying the key turning points and the
vulnerabilities that have become visible through this process.
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4. THE TURKISH EXPERIENCE: TRANSFORMATION

BETWEEN 1999 AND 2023

In Tiirkiye, social resilience has evolved over the past twenty-five years
as a gradual process of learning, institutionalization, and social
transformation—shaped by successive large-scale disasters. This process has
been defined not only by improvements in disaster management capacity but
also by the evolution of social solidarity, volunteerism, and local governance
practices. From the 1999 Marmara Earthquake to the 2023 Kahramanmarag
Earthquakes, Tiirkiye’s social resilience has been reshaped at both the
institutional and community levels (Eraydin & Tasan-Kok, 2013; Davoudi,
2018; Kaya, 2023).

This quarter-century-long period exemplifies the “learning cycle”
concept within the resilience literature. Each disaster has added a new layer of
awareness and experience, with knowledge gained from past crises shaping
institutional and societal responses in subsequent ones. Thus, Tiirkiye’s case
should not only be viewed as a history of disasters but also as a social learning
process, where participatory capacity and justice-oriented governance have co-
evolved (Meerow & Newell, 2016; Champlin, Sirenko, & Comes, 2023).

The four major turning points analyzed below—1999 Marmara, 2011
Van, 2020 Izmir, and 2023 Kahramanmaras earthquakes—represent distinct
stages in this evolution. Each highlights a different dimension of social
resilience—solidarity, institutionalization, digitalization, and multi-level
governance—and together they provide a comprehensive picture of how the

resilience framework in Tirkiye has deepened over time.

4.1. The 1999 Marmara Earthquake

The 1999 Marmara Earthquake marked a watershed moment in shaping
social resilience in Tlrkiye. With approximately 18,000 casualties, the disaster
became the first major instance where civil society spontaneously mobilized in
response to the shortcomings of the centralized government (Geng, 2008).
Organizations such as AKUT, Izmit Volunteers, and neighborhood initiatives
led search-and-rescue, logistical, and temporary shelter operations, bringing the
concept of “trust-based solidarity” (bonding capital) into visibility within the
Turkish context (Aldrich, 2012).
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Coordination failures within hierarchical state structures revealed the
critical importance of local knowledge and social networks in post-disaster
recovery (Eraydin & Tasan-Kok, 2013). During this period, the widespread
media coverage of volunteerism helped nurture a culture of community-based
resilience (Davoudi, 2018). The Marmara experience demonstrated that
resilience derives not merely from technical capacity but from trust and
belonging within communities. This phase laid the foundation for subsequent
models of institutional cooperation and neighborhood-based volunteerism.

4.2. The 2011 Van Earthquake

The 2011 Van Earthquake represented the maturation of state—civil
society collaboration in Tiirkiye. With 644 fatalities and over 4,000 injuries,
this disaster marked the first systematic integration of volunteer networks into
institutional frameworks (Oktay et al., 2013). The Disaster and Emergency
Management Authority (AFAD) strengthened its coordination role, and
Neighborhood Disaster Volunteers (MAG) programs were expanded
nationwide (Ttrkaslan, 2024).

The Van experience demonstrated that recovery involves more than
physical reconstruction—it also requires knowledge exchange and local
learning. Universities, media, and NGOs began collaborating in risk awareness
campaigns, introducing the multi-level governance approach into practice
(Davoudi, 2018). This period is regarded as the beginning of Tiirkiye’s shift
from a response-oriented disaster management model to one grounded in

learning and participation.

4.3. The 2020 izmir Earthquake

The Izmir—Seferihisar Earthquake of October 30, 2020, revealed the
growing role of digital volunteerism and local network coordination in social
resilience. Thousands of volunteers participated in AFAD-coordinated
operations, while groups such as GEA and AKUT organized search, rescue, and
humanitarian efforts through social media platforms (AFAD, 2020; GEA,
2020).

The Izmir Earthquake Impact Report published by Turkish Philanthropy
Funds (TPF, 2021) documented the contributions of volunteers in information
sharing, logistics planning, and psychosocial support mechanisms.
Furthermore, digital initiatives led by organizations such as the International
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Federation of Red Cross and Red Crescent Societies (IFRC) established online
psychological support networks, enabling bottom-up and horizontal
information flows (Goldstein, Wessells, Lejano, & Butler, 2015).

This experience demonstrated that social resilience can be built not only
through physical and social capital, but also through digital and cultural capital,
reflecting a broader understanding of adaptive capacity in the 21st century.

4.4. The 2023 Kahramanmaras Earthquakes

The February 6, 2023 Kahramanmaras (Pazarcik and Elbistan)
Earthquakes most vividly illustrated the multi-layered structure of social
resilience in Tiirkiye. Affecting 11 provinces and millions of people, this
disaster required the simultaneous operation of central coordination and
volunteer networks (EERC, 2023; IFRC, 2025).

Organizations such as AHBAP, TiF, Afet Platformu, and AKUT managed
relief operations and information flows through digital networks, while more
than 70 NGOs became active in the field within days (TIiF, 2024). Volunteers
played a crucial role in data collection, resource planning, and field reporting,
making resilience increasingly measurable at the institutional level (Hazards
Center, 2023).

The Kahramanmaras experience marks the emergence of a new paradigm
in Tiirkiye’s disaster management—one grounded in participatory governance
and institutional learning capacity. It shows that Tiirkiye’s resilience framework
has evolved into a model that integrates state institutions, civil networks, and
digital infrastructures, positioning collaboration and adaptability at its core.
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Table 5. The Evolution of Social Resilience in Tiirkiye (1999-2023): Lessons Learned
from Major Disasters (Source: Compiled by the author.)

Disaster / Main Theme / Key Actors Governance and Key
Year Learning Area Innovation References
Dimension
1999 Emergence of AKUT, Recognition of local (Aldrich,
Marmara community-based  neighborhoo trust networks in post- 2012; Geng,
Earthquake solidarity and d disaster recovery; 2008;
volunteerism volunteers, exposure of Eraydmn &
awareness media limitations in Tasan-Kok,
centralized 2013)
governance
2011 Van Institutional AFAD, Practical adoption of (Goksenin et
Earthquake collaboration and ~ MAG, multi-level al., 2017,
local learning universities,  governance; Davoudi,
processes NGOs coordination between ~ 2018;
media and civil Tiirkaslan,
society 2024)
2020 fzmir Digital solidarity AFAD, Social media—based (AFAD,
Earthquake and open data GEA, coordination and 2020; GEA,
sharing AKUT, online volunteerism; 2020; TPF,
TPF, World  horizontal information 2021; IFRC,
Human flow networks 2025)
Relief
2023 Institutionalized AFAD, Multi-layered (EERC,
Kahramanm resilience and AHBAP, coordination through 2023; TIF,
aras multi-actor TIF, Afet digital networks; data-  2024;
Earthquakes  governance Platformu, driven volunteer Hazards
local participation; Center,
initiatives institutional learning 2023)

As shown in Table 5, the period between 1999 and 2023 in Tiirkiye
reflects a clear evolution of social resilience — from spontaneous solidarity
toward institutionalized capacity. Each major disaster has enhanced the
country’s ability to learn, adapt, and innovate, generating a new governance
model shaped by the interaction between community-based initiatives and state
institutions.

This trajectory demonstrates that resilience in Tiirkiye can be understood
not merely as a reactive mechanism to crises, but as an ongoing process of
institutional learning and societal transformation (Eraydin & Tasan-Kok, 2013;
Meerow & Newell, 2016).
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5. CONCLUSION AND POLICY RECOMMENDATIONS

This study presents a holistic framework that redefines social resilience
not merely as a process of post-disaster recovery, but as a multidimensional
phenomenon grounded in justice, governance, and participatory capacity. While
resilience is often defined in the literature through technical capacity,
infrastructure robustness, or ecological adaptability (Folke, 2016; Davoudi,
2018), this work approaches it as an ethical, social, and institutional process.
The Turkish case demonstrates the lived dimension of this transformation—the
real-world embodiment of the conceptual framework.

Between 1999 and 2023, each major disaster added a new layer to
Tiirkiye’s social learning cycle: the Marmara Earthquake fostered a culture of
solidarity; the Van Earthquake strengthened institutional cooperation; the izmir
Earthquake accelerated digital volunteerism; and the Kahramanmaras
Earthquakes advanced multi-level governance. This sequential evolution
reveals that Tiirkiye’s model of social resilience has transformed from
spontaneous solidarity into a multi-actor, institutionalized system of collective
learning.

Thus, the first major contribution of this study is theoretical: it
conceptualizes this transformation as a “multi-layered evolution model of
social resilience.”

The second contribution is methodological. Whereas traditional
resilience assessments rely primarily on quantitative indicators, this study
advocates for a mixed-methods approach that integrates participatory GIS,
narrative-based storytelling, and network analysis. These methods function not
only as measurement tools but also as instruments of social awareness and
collective learning. In this sense, the methodological contribution shifts
resilience from being a technical score to a continuously monitored social
learning process (Champlin, Sirenko, & Comes, 2023).

The third contribution lies in its spatial and governance-oriented insights.
The findings from Tiirkiye illustrate that social resilience in urban planning is
linked not only to the physical environment but also to the redistribution of
social justice. Accordingly, this study proposes a resilience paradigm unique to
Tiirkiye—anchored in the triad of spatial justice, social learning, and
participatory governance.

Policy Recommendations
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e At the Local Government Level: Municipalities should develop social

databases during pre-disaster periods, integrating neighborhood-scale

indicators of trust and solidarity into urban planning processes.

e For Civil Society and Volunteerism: Establish a National Volunteer

Coordination Platform to ensure the continuity of volunteer networks,

and standardize data-sharing protocols between organizations such as

MAG, AHBAP, and AKUT.

e In Academic and Educational Contexts: Universities should integrate

social resilience indicators into curricula, equipping students with

community-based disaster management skills.

e At the Planning and Policy Level: Development plans and spatial

strategy documents should embed resilience not merely as a technical

target, but as a principle of equitable governance.

e In Digitalization and Open Data: Disaster-related data should be made

open-access, incorporating volunteer contributions, and fully

integrated with urban information systems to promote transparency and

civic participation.

Overall, this study underscores that social resilience is not simply the

ability to recover from crises—it is the capacity to transform institutions and

societies through collective learning, inclusive governance, and justice-oriented

spatial planning.
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Table 6. Policy Domains and Recommended Actions for Social Resilience by Level

Management” a
mandatory university
course.- Encourage
local data generation in
graduate research
projects.

among academia,
government, and
civil society.

Level Priority Areas Proposed Policies / Expected Key
Actions Impact / References
Contribution
Community / Trust, belonging, | - Develop Strengthens the (Goldstein et
Neighborhood local learning neighborhood culture of al., 2015;
Level (Micro) solidarity maps.- solidarity; AFAD, 2020;
Implement local ensures the GEA, 2020)
leadership training and | continuity of
post-disaster social learning.
storytelling programs.-
Create safe spaces to
encourage the
participation of women
and children.
National Level Institutional - Prepare a National Enhances inter- (Davoudi,
(Macro) coordination, Social Resilience institutional data | 2018;
data Strategy.- Define sharing, policy Champlin et
management, social learning continuity, and al., 2023;
equity policies indicators in national open governance. | Kaya, 2025)
development plans.-
Establish a National
Volunteer
Coordination Platform
for sustained civic
networks.
Regional / Planning, - Develop Strengthens (Eraydin &
Local neighborhood- neighborhood-based decision-making Tasan-Kok,
Government scale solidarity, social resilience capacity and 2013; Meerow
Level local data profiles.- Establish public & Newell,
Social Resilience Units | participation at 2016;
within municipalities.- | the local level. Tiirkaslan,
Expand the use of 2024)
participatory GIS
applications.
Civil Society Participation, - Develop a common Expands social (Aldrich, 2012;
and Volunteer horizontal data standard among capital, reduces TIF, 2024)
Networks collaboration, NGOs.- Support digital | inequalities, and
knowledge volunteerism sustains
sharing platforms.- Strengthen volunteer
women- and youth- engagement.
focused volunteer
networks.
Academia and Indicators, - Create a national Increases (Folke, 2016;
Research measurement, database for social knowledge Davoudi,
Institutions education resilience indicators.- production and 2018;
Make “Community- enhances Champlin et
Based Disaster collaboration al., 2023)
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This study underscores the necessity of redefining resilience not merely
as a reactive capacity, but as a social value and a collective learning process.
Resilience is no longer a concern confined to a particular country or geography;
rather, the concept itself must evolve. Contemporary crises—whether
environmental disasters, migration, or economic instability—cannot be
understood solely through a system’s ability to “bounce back.” They must also
be examined in terms of for whom, according to what, and by which
mechanisms the system is rebuilt (Davoudi, 2018; Meerow & Newell, 2016).

Thus, the central issue is not Tiirkiye’s singular example, but rather the
reconstruction of resilience thinking itself. Tiirkiye serves as a dynamic
laboratory for reimagining this concept in practice. Its experience demonstrates
that resilience is increasingly defined not by technical capacities, but by social
networks, justice-oriented governance, and participatory institutions.
Resilience, therefore, is no longer the capacity to return—it is the capacity to
transform through learning (Champlin, Sirenko, & Comes, 2023).

In this context, the future of social resilience policies depends less on
which nations are more prepared and more on which societies are open to
learning, sharing, and redefining themselves. By grounding resilience in local
experiences, this study invites a rethinking of the concept’s meaning within the
global discourse, framing resilience not as a static outcome, but as an evolving

process of collective adaptation and transformation.

Note: Parts of this text were supported by Al-based language editing tools for
translation and clarity improvement. The author is solely responsible for the

content and interpretations.
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1. INTRODUCTION

Today, cities are exposed to a variety of crises, including disasters,
economic crises, climate change, migration, and epidemics. This increasing
exposure has led to a reconsideration of cities within the framework of
resilience. Urban resilience is generally discussed in terms of disaster
preparedness, urban infrastructure, and environmental adaptation (Meerow et
al. 2016). Economic resilience, on the other hand, has been assessed in the
literature through indicators of growth, diversity, and recovery at regional and
national scales in response to economic crises (Foster, 2007; Simmie and
Martin, 2010; Martin,2012). However, despite playing a significant role in
cities' post-crisis recovery capacities, the economic dimension has been
relatively neglected. In this context, this study focuses on the concept of a
resilient urban economy. By combining two distinct areas—physical-social
resilience and economic resilience—the concept allows for a discussion of
cities' multidimensional capacity to respond to crises. Studies on economic
resilience, in particular, have largely focused on economic crises and
fluctuations. In this context, it is necessary to consider the economic impacts of
disasters.

Disasters not only cause physical destruction but also fundamentally
shake economic systems. From major earthquakes to floods and hurricanes,
each type of disaster impacts cities' production capacity, employment structure,
financial sustainability, and public finances with varying degrees of intensity.
These impacts go beyond short-term shocks to cause long-term structural
vulnerabilities and inequalities. Therefore, disasters are among the most critical
factors testing the resilience capacity of urban economies. Disasters such as
earthquakes, hurricanes, and floods directly disrupt industrial centers,
commercial centers, and housing stock. This leads not only to losses in capital
accumulation but also to chain economic disruptions due to disruptions in
infrastructure systems (Rose, 2004). Furthermore, employment and income
losses, financial system losses, sectoral vulnerabilities, and social and spatial
vulnerabilities can also be considered among the impacts on the post-disaster
economic structure.

In conclusion, this study aims to reveal the urban economic
vulnerabilities that emerge after disasters by focusing on the relationship

between disaster and economic resilience within a conceptual framework and



KENTSEL DIRENCLILIK: AFETLER, iKLIM VE MEKANSAL STRATEJILER | 68

to discuss these vulnerabilities through the major earthquakes that occurred in

Tiirkiye.
2. CONCEPTUAL FRAMEWORK

From a conceptual perspective, economic resilience is generally defined
as the capacity of economic systems to resist, recover, reorganize, and adapt to
crises (Martin, 2012; Martin and Sunley, 2015). Within this framework,
Hallegatte (2014) defines resilience not only as reducing physical damage but
also as minimizing welfare loss and rapidly reestablishing economic flows; he
proposes indicator sets that can be monitored at both micro and macro scales.
At the social level, he demonstrates that disaster impacts are unequally
distributed among social groups and that vulnerability is intertwined with
socioeconomic structure and spatial conditions (Cutter et al., 2003). While
discussions of economic resilience are often addressed in the context of
economic crises, business cycles, and financial shocks, the effects of disasters
on economic systems reproduce similar dynamics at different scales. Therefore,
it is necessary to discuss disasters beyond mere physical destruction and
evaluate them through indicators of economic vulnerability. While exchange
rates, unemployment and growth rates are generally used as the main indicators
in economic resilience analyses, indicators such as income distribution, poverty
rate and sectoral employment shifts in the post-disaster period reveal the social
dimension of fragility.

Income distribution indicators experience significant deterioration in
post-disaster periods. In most cases, the Gini coefficient increases compared to
pre-disaster levels because lower-income groups face longer-lasting economic
impacts due to job and property loss, while capitalists generally benefit from
reconstruction processes (Hallegatté and Dumas, 2009; Noy and Vu, 2010).
This demonstrates that disasters are a generator of structural inequalities that
affect not only economic activity but also income distribution equity.

In this context, post-disaster economic resilience gains meaning not only
through macro indicators but also by monitoring income, employment, and
social inequality dynamics together. This approach demonstrates that resilience
indicators developed for crises must be adapted to the disaster context,
demonstrating that disasters reshape both the pace of economic recovery and
social justice.
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The diagram in Figure 1 conceptually illustrates how post-disaster
economic vulnerabilities (macroeconomic, social, and institutional dimensions)
evolve into urban economic resilience through transformation mechanisms.
The diagram initially presents post-disaster vulnerabilities, with the central
section presenting the transformative processes of these wvulnerabilities
(adaptation, renewal, diversity, governance, and learning), and the lower
section presenting the fundamental components of a resilient urban economy
(diversity, justice, and sustainability).

From Post-Disaster Economic
Fragilities to Urban Economic
Resilience: A Conceptual Framework

Economic Fragilities

* Macroeconomic
* Social & Labor
» Institutional & Financial

\:

Transformation Mechanisms
= Adaptation
+ Renewal
= Diversification
« Governance &Learning

l

Urban Economic Resilience
= Diversity
= Equity
= Sustainability

Figure 1. Transition from Post-Disaster Economic Vulnerability to Urban Economic
Resilience: Conceptual Framework

RESILIENT URBAN ECONOMIES IN EXPERIENCE OF
TURKIYE

Disaster experiences in Tirkiye reflect a multilayered process
intertwined with historical, natural, and socio-economic vulnerabilities.
Although much of the country lies on fault lines, urbanization processes have
often progressed while ignoring these risks. The country's experience of major
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disasters has highlighted the vulnerabilities in spatial planning, infrastructure
capacity, and institutional preparedness. Major disasters experienced in Tiirkiye
over the last two decades, particularly the 1999 Marmara Earthquake, the 2011
Van Earthquake, and the 2023 Kahramanmarag Earthquake, have demonstrated
the concrete implications of the resilient urban economy model. In addition to
the physical damage it caused, the 1999 Marmara Earthquake also significantly
impacted the regional and national economies. Post-disaster damage to
production facilities and port structures caused a short-term contraction in
foreign trade. Consequently, regional unemployment rates increased. However,
this process marked a significant turning point in terms of strengthening
insurance systems and institutionalizing disaster funds (TUSIAD, 2000). In the
2011 Van earthquake, different results were obtained. In a relatively
underindustrialized city on a regional scale, the disaster demonstrated the extent
to which economic vulnerabilities are intertwined with spatial inequalities. In
Van, small businesses and agricultural producers struggled to recover, and
household incomes were significantly reduced due to the low uninsured rate
(AFAD, 2012). The 2023 Kahramanmaras earthquakes had the most
widespread economic impact of this trio. The affected provinces generated
approximately 9 percent of the country's GDP. The magnitude of this
destruction not only had a regional impact but also disrupted national supply
chains. Furthermore, the magnitude of the disaster exacerbated regional income
disparities, particularly by excluding low-income groups from the labor market
(OECD, 2023; World Bank, 2023). The temporary halt in industrial production
and increased employment losses increased pressure on public finances
(TUSIAD, 2023; TEPAV,2023). Furthermore, it is observed that the
devastating effects of the disaster exacerbated existing social vulnerabilities,
and that a justice-based approach was particularly overlooked in the
reconstruction process.

When all these experiences in Tiirkiye are evaluated together, three
general trends emerge in terms of economic impacts:

i. Production losses and increased public spending in the immediate

aftermath of disasters;
ii. Disruptions in income distribution, deepening inequalities, and the
exclusion of vulnerable groups during recovery processes;
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iii. In the long term, resilience can only be achieved through institutional

learning, economic diversification, and inclusive policy mechanisms.

Therefore, the Tiirkiye example demonstrates that the resilient urban

economy approach is not only theoretical but also practical. A resilient urban

economy aims not to simply return to its previous state after a disaster, but to

establish a more equitable, diverse, and sustainable order.

Table 1. Economic evaluation of the post-disaster earthquake experience

infrastructure collapsed and
exports temporarily stopped.

production structure
increases systemic
risk. Regional
economic
diversification must
be increased.

Area of Disaster Lesson Learned Related

Vulnerability Experience/Observed Resilience
Impact Component

Macro-economic In the 1999 Marmara Excessive spatial Diversity and
Earthquake, industrial concentration in the Renewal

Social and Labor

Small business owners,

Social vulnerability

Justice and

coordination became
dominant; local participation
remained limited.

economies are
strengthened by
multi-level
governance and local
participation
mechanisms.

agricultural workers and delays economic Inclusion
women's labor were the recovery; social
groups most affected in the policies must be
2011 Van Earthquake. integrated into
disaster planning.
Institutional - Recovery from the Van 2011 Insurance systems, Institutional
Financial and 2023 Earthquakes was local fiscal autonomy | Resilience
slow due to low insurance and crisis
coverage and limited local coordination are
budgets. critical for resilience.
Spatial and The 2023 Kahramanmaras Infrastructure Sustainability and
Infrastructure Earthquakes caused resilience and spatial Planning
disruptions in regional supply | planning should be
chains redesigned according
to disaster scenarios.
Governance After 2023, central Resilient urban Governance and

Learning

All Experiences
(1999-2023)
Systematic
fragility

Income inequality increased after the disaster (the Gini coefficient rose).
Social assistance was increased, but structural reforms were limited.
The cycle of fragility continued; the lack of a just and inclusive economic

recovery is evident.
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This table summarizes five key lessons learned from Tiirkiye's disaster
experience in terms of economic resilience. Each row represents a vulnerability
domain (macro, social, institutional, spatial, governance) within the conceptual
framework and maps it to the corresponding "resilient urban economies"
component.

DISCUSSION AND CONCLUSION

The literature examining the economic impacts of disasters and the
resulting vulnerabilities has developed rapidly in recent years, bringing with it
discussions of resilience. These studies have generally progressed along two
axes. The first is the quantitative analysis of the vulnerabilities created by
disasters in economic systems; the second is on how these impacts are
transformed through institutional, spatial, and societal adaptation capacity. Noy
and Vu (2010) represents the macroeconomic wing of this literature. The author
argues that the economic impact of disasters is largely shaped by a country's
institutional capacity, financial resilience, and economic diversity. In parallel
with this, after the earthquakes in Tiirkiye, it has been observed that cities with
a single-sector production structure, in particular, have weak recovery capacity,
while in regions with limited institutional coordination, economic resilience is
low. In another study, Xie et al. (2018), in their analysis of the Wechuan
earthquake, demonstrate that post-disaster economic recovery depends not only
on the reconstruction time but also on the pace and structure of investment.
Compared to the reconstruction processes observed after the 2023
Kahramanmarag earthquakes, the rapid transfer of funds and the lack of planned
investment at the local level prevented the steepening of the economic recovery
curve, weakening the resilience capacity of urban economies. Li et al. (2022)
developed a rapid economic resilience model based on the example of
Zhengzhou, demonstrating that post-disaster economic recovery can be
measured over time using remote sensing data. Banica et al. (2020)'s spatial-
economic resilience approach offers an important insight by demonstrating that
disasters can create opportunities for long-term development. However,
because the study largely defines resilience using quantitative indicators, it
neglects qualitative dimensions such as social justice, governance capacity, and
local-scale solidarity networks. While these studies in the literature contribute

significantly to measuring post-disaster economic resilience, an overreliance on
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quantitative models leads to a disregard for the social, governance, and spatial
dimensions of post-disaster recovery.

As a general assessment of Tiirkiye, disaster experiences spanning the
last three decades demonstrate that economic resilience is shaped not only by
production infrastructure but also by the functioning of institutions, the
adaptability of local governments, and social solidarity networks. The 1999
Marmara earthquake demonstrated that production disruptions in industrially
dense cities can directly impact the national economy. Furthermore, the 2011
Van earthquake observed that limited regional insurance coverage and low
fiscal capacity delayed recovery. The 2023 Kahramanmaras earthquakes
demonstrated a more complex replication of these dynamics; factors such as
centralized public investment, weak local capacity, and sectoral dependency led
to an unequal spatial distribution of economic recovery. Furthermore, the
experiences of these three disasters demonstrate, based on our knowledge, that
economic vulnerabilities stem not only from production losses but also from
governance, social inequality, and spatial planning weaknesses. Therefore, the
resilient urban economies approach should approach post-disaster recovery
within a multidimensional framework that considers not only economic growth
indicators but also the institutional, social, and spatial capacity of cities.

For urban economic resilience, indicators of economic diversity and
economic structure should be analyzed first (Martin, 2012; Boschma, 2015).
The density of local production networks, the sectoral distribution of
employment, the reproductive capacity of SMEs, and the geographical balance
of public-private investments are key components of resilience analysis.
Furthermore, institutional capacity parameters, such as the budget autonomy of
local governments, the effectiveness of post-disaster financial support
mechanisms, and the level of central-local coordination, are crucial for
understanding the governance dimension of resilience. Furthermore, indicators
of social and spatial justice are crucial for resilience (Cutter et al., 2003; Pike
et al., 2010). In particular, indicators such as income distribution, employment
inequality, migration and housing dynamics, and the state of justice in post-
disaster housing policies highlight the importance not only of efficiency but
also of inclusiveness in economic resilience discussions. Furthermore, renewal
capacity and learning mechanisms are crucial for understanding how economic

systems prepare for future shocks. In this context, reconstruction strategies,
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investment timing, technological transformation, and green economy practices

included in post-disaster policy documents should be specifically examined.

Table 2. Transition from Fragile Economic Structures to Resilient Urban Economies:
A Summary Comparison

Dimension Fragile Economic Resilient urban economies
Structures
Economic Dynamics Focused on short-term Long-term adaptation and
growth and production recovery capacity
Sectoral Structure Dependence on a single Diverse, flexible and
sector, low diversity connected production
network
Institutional Structure Centralized decision- Multi-level governance and
making, limited local institutional learning
capacity
Social Inequality and exclusion Inclusion and equitable
recovery
Spatial The disconnect between Integrated spatial planning
planning and economics that takes disaster risk into
account
Financial System Fragile credit structure, low Local financing, resilience
insurance funds, insurance penetration
Renewal and Learning Static production structure Innovation, green
transformation and learning
institutions

Consequently, building resilient urban economies should be considered
not simply a "recovery" process that compensates for losses, but rather a
transition to a more equitable, diverse, and sustainable economic structure. In
the Tiirkiye context, models that strengthen the relationship between spatial
planning and economic policy, engage local actors, and foster institutional
learning will form the basis for truly disaster-resilient urban economies.

In light of these findings, it is evident that building resilient urban
economies requires a multidimensional policy approach that goes beyond
physical reconstruction. Economic diversity and regional balance should be
prioritized to reduce systemic risks associated with sectoral dependency, while
fiscal autonomy and local financial resilience mechanisms can strengthen
cities” adaptive capacity. Inclusive recovery policies targeting vulnerable
groups—such as small enterprises, women, and informal workers—are
essential for achieving social and economic justice in post-disaster recovery.
Moreover, multi-level governance structures that enable coordination between

central and local institutions can accelerate recovery and institutional learning.
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Integrating spatial planning with economic development strategies and
promoting innovation and green transformation will not only enhance
economic resilience but also support the long-term sustainability of urban
systems. Ultimately, post-disaster recovery should be regarded not as a return
to the previous state, but as a transformative opportunity to establish more

equitable, diverse, and sustainable urban economies.
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GIRIS

Direnglilik (resilience) kavrami, Latince “resiliere” (geri sigramak)
fiilinden tiiretilmis olup, ilk kez Holling (1973) tarafindan ekoloji alaninda
kullanilmistir. Holling, bir sistemin dis etkiler karsisinda eski dengesine hizla
donebilmesini “miihendislik direncliligi”, farkli dengelerde varligini
siirdiirebilmesini ise “ekolojik direnglilik” olarak tanimlamistir. Ancak bu
tanimlar, degisken ve karmasik toplumsal sistemleri agiklamakta yetersiz
kalmigtir. Bu nedenle daha sonra “uyarlanabilir direnglilik” kavrami
gelistirilmis ve bir sistemin soklardan etkilenip yeniden yapilanirken temel
islevlerini siirdiirebilme ve bu siiregten 6grenebilme yetenegini ifade etmek i¢in
kullanilmaya baglanmigtir (Sustainable Prosperity, n.d.). Ekoloji digindaki
disiplinlerde “resilience” kavrami miihendislik ve psikoloji gibi alanlarda da
kullanilmis ancak “urban resilience” ifadesiyle kent 6zelindeki sistemlerin
direnclilik ozellikleri iizerine odaklanan calismalar daha ge¢ bir donemde
yayginlagmistir. Kentsel yonetim alanina direnclilik kavrami ilk kez 1990’larda
dahil edilmistir (Tobin, 1999). 2002 yilinda, Siirdiiriilebilirlik i¢in Yerel
Yonetimler Konseyi (ICLEI , baslangigta Uluslararasi Yerel Cevre Girisimleri
Konseyi) kentsel ve afet 6nleme arastirmalarina dahil edilen “direngli kentler
(resilient cities)” konusunu 6nermis ve kentsel direnclilik {izerine bir aragtirma
furyasini baglatmigtir (Motesharrei, Rivas & Kalnay, 2016). 2013 yilinda
Rockefeller Vakfi, 21. yiizyili giderek daha fazla etkileyen sosyal, fiziksel ve
ekonomik tehditlere karsi diinya c¢apindaki kentlerin daha direngli hale
gelmesine yardimci olmak amaciyla 100 Direngli Sehir (100 Resilient Cities)
Programimi baslatmistir (Spaans & Waterhout 2017). Bunun ardindan,
dayanikli sehirlerin ingasi cesitli sehirlerde genis capta tartisilmis ve ilgi
gormiistiir. Londra’da, asir1 hava olaylarmma karsi reaksiyon kabiliyetini
artirmak ve vatandaglarin yasam kalitesini iyilestirmek amaciyla 2011 yilinda
Risk Yonetimi ve Direnglilik Programi yaymlanmistir. New York, 2013 yilinda
direncli sehirler insa etmek icin girisimler igeren Daha Giiglii, Daha Direncli
New York (A Stronger, More Resilient New York) planin1 uygulamaya
koymustur. Tokyo, 2016 yilinda Bolgesel Metropol Bolgesel Giic ve
Direnclilik Plani’m1 ortaya koymustur (Guan ve Gao 2021); Cin’de ise
akademisyenler ve politikacilar, “Siinger Sehir” ve “Park Sehir” gibi onerilerle
sehirlerin gelistirilmesi ve insasinda dayanikliligin roliinii giderek daha
derinlemesine anlamaya baslamistir. Son yillarda Pekin, Sanghay ve diger bazi
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kentlerin kentsel planlarinda, afetlerle basa ¢ikma kapasitesinin gii¢clendirilmesi
ve sehirlerin dayanikliligmin artirilmasi 6n plana ¢ikmistir (Zheng & Lin,
2017). Bu politikalarin yani sira, “kentsel direnglilik” konusunda yapilan
akademik c¢aligmalarin sayist da hizla artmistir. Sonug¢ olarak, “Urban
Resilience” kavrami hem akademik cevrelerde hem de siyasi sdylemlerde
giderek daha fazla 6nem kazanmistir (Meerow, Newell & Stults, 2016).

Uluslararas1 akademik ¢evrelerde “Urban Resilience” ve “Resilient
City/Cities” kavramlarmin gelisim siirecine iliskin niceliksel verilere
ulasabilmek icin Web of Science, Scopus ve ScienceDirect veritabanlarinda
taramalar gergeklestirilmigtir. Web of Science veritabaninda “Urban
Resilience” anahtar kelimesiyle yapilan tarama sonucunda 3.201 belgeye,
Scopus veritabaninda ise 21.808 belgeye ulagilmistir. Her iki veritabaninda da
bu anahtar kelimeyle iliskilendirilen en erken tarihli yayin 2004 yilina ait olup
Bastianoni, Pulselli ve Tiezzi (2004) tarafindan yayimlanmistir. Bastianoni,
Pulselli ve Tiezzi (2004) “Yerel diizeyde siirdiiriilebilir kalkinma ve “antropik
direnclilik” baslikli ¢aligmasinda ‘““anthropic (or urban) resilience” (insan
kaynakli direnclilik) kavramini, insan faaliyetlerinin cevresel ve sosyal
sistemlerle olan etkilesimini ve bu sistemlerin degisimlere karsi gosterdigi
direnci inceleyerek ele almislardir. Her ne kadar caligmada kentsel direnglilik
dogrudan ele alinmamis olsa da, yazarlar, insan faaliyetlerinin g¢evresel
etkilerini ve bu etkilerin siirdiiriilebilirlik {izerindeki roliinii degerlendirmeye
imkan taniyan gostergeler sunmaktadirlar.

“Resilient City/Cities” anahtar kelimeleriyle yapilan taramalarda ise
Web of Science veritabaninda 6.464 belgeye ulasilmis ve bu kapsamda
belirlenen en eski ¢alisma Porter (1986)’ya aittir. Porter (1986), “Amerika’nin
Sanayi Kentleri: Sarsilmig Ama Direngli” baglikli ¢aligmasinda Amerika’nin
sanayi sehirlerinin ekonomik ve sosyal yapilarinin biiyiik sarsintilara ragmen
gosterdigi direncliligi ele almistir. Ozellikle celik ve otomotiv gibi agir
sanayiye dayali sehirlerin, ekonomik krizler ve yapisal degisimlere ragmen
yeniden yapilanma ve uyum siiregleri araciligiyla direng gosterebildigini
vurgulamaktadir. Bu baglamda, kentsel direnglilik, sehirlerin ekonomik, sosyal
ve c¢evresel baskilara karst esneklik gosterme ve degisen kosullara uyum
saglama kapasitesi olarak tanimlanabilir.

Scopus veritabaninda ayni anahtar kelimelerle 17.395 belgeye ulasilmis
olup, bu dizinde yer alan en erken yayin Barron ve Frug (2002) tarafindan
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gerceklestirilmistir. Barron ve Frug (2002) “11 Eyliil'den Sonra: Sehirler”
baslikli calismasinda 11 Eyliil 2001 saldirilarinin ardindan sehirlerin gosterdigi
direncliligi ve yeniden yapilanma siireclerini incelemislerdir. Ozellikle New
York City 6rneginde, afet sonrasi sadece fiziksel altyapinin onarilmasinin degil,
ayn1 zamanda sosyal, ekonomik ve kiiltiirel sistemlerin yeniden
giiclendirilmesinin 6nemine dikkat cekmislerdir. Bu baglamda, kentsel
direnglilik, sehirlerin afetlere karsi direng gostermesinin yani sira, bu tiir
krizlerden sonra hizla toparlanabilme ve uyum saglama kapasitesi olarak
tanimlanabilir.

Benzer bicimde, ScienceDirect veritabaninda yapilan “Urban
Resilience” taramasi sonucunda 4.510 belgeye ulasilmis ve en erken calisma
Castenfors ve Svedin (2001) olarak tespit edilmistir. Castenfors ve Svedin
(2001) “Kriz letisimi: 1998°de Stokholm’de LPG Kazasindan Ders Cikarmak”
baslikli ¢caligmasinda 1998’de Stockholm’de yasanan LPG kazasi {izerinden
tehlikeli madde tasimaciliginin kentsel riskler {izerindeki etkisini ve bilgi
belirsizligi kosullarinda kriz iletisiminin kentsel direnglilik agisindan 6nemini
tartigmaktadir. Bu olay, tehlikeli madde tasimaciliginin kentsel riskler
iizerindeki etkisini ve kriz anlarinda iletisimin roliinii vurgulamaktadir.

ScienceDirect  veritabaninda ~ “Resilient  City/Cities”  anahtar
kelimeleriyle yiiriitiilen taramada ise 3.633 belge bulunmus olup, en eski
calisma Davidson (1985) yilma dayanmaktadir. Davidson (1985) “Insan
Yerlesimleri: Yeni Bir Beceriklilik Insa Etmek” baslikli ¢alismasinda insan
yerlesimlerinin ¢evresel, sosyal ve ekonomik zorluklara karsi daha direngli ve
uyumlu héle getirilmesine yonelik stratejileri ele almigtir. Caligma, kentsel
direngliligi, sehirlerin kaynaklarmi1 verimli kullanma, topluluklarini
giiclendirme ve siirdiiriilebilir altyapilar gelistirme yoluyla cesitli kriz ve
streslere karst esneklik gosterme kapasitesi olarak tanimlamaktadir. Bu
baglamda, kentsel sistemlerin sadece fiziksel yapilarla degil, ayn1 zamanda
sosyal ve ekonomik dinamiklerle de diren¢ kazandig1 vurgulanmaktadir.

Uluslararas1  veritabanlar1  {izerinden  gerceklestirilen  taramalar
sonucunda elde edilen bulgular, uluslararasi literatiirde “Urban Resilience” ve
“Resilient City/Cities” kavramlarmin tarihsel gelisimine dair niceliksel bir
perspektif sunmaktadir. Elde edilen bulgular 1s1ginda, “Resilient City”
kavraminin yaklagik 40 yillik bir kullamim geg¢misine sahip oldugu, buna

karsilik “Urban Resilience” kavraminin ise son 25 yil iginde uluslararasi
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literatiirde yer buldugunu gostermektedir. Bu calisma, s6z konusu kavramsal

gelisimin ulusal 6lgekte Tiirkiye 6rnekleminde incelenmesini amaglamaktadir.

YONTEM

Son yillarda bilimsel iiretimin egilimlerini ve arastirma alanlarmin
gelisimini incelemede 6nemli bir yontem olarak 6ne ¢ikan bibliyometrik analiz,
yayimnlar, atiflar, yazarlar ve kurumlar gibi bibliyografik verilerin
siniflandirilmasi ve nicel olarak degerlendirilmesine dayanmaktadir (Lazarides,
Lazaridou ve Papanas, 2023). Bu calismada ise Tiirkiye 6rnekleminde kentsel
direnglilik konusunun gelisim slirecinin incelenmesi amaglanmis olup
Tiirkiye’de kentsel direnclilik konulu lisansiistii tezlerin bibliyometrik agidan
incelenmesi aragtirmaya konu edilmistir.

Arastirmada, Yiiksekogretim Kurulu (YOK) Ulusal Tez Merkezi veri
taban1 esas alinarak 30.09.2025 tarihine kadar tamamlanan yiiksek lisans ve
doktora tezleri kapsam dahiline alinmistir. “Kentsel direnglilik, direngli kent,
kentsel dayaniklilik, urban resilience, resilient city/cities” gibi Tiirk¢e ve
Ingilizce anahtar kelimeler kullanilarak detayl bir tarama gerceklestirilmistir.

Arastirma kapsaminda yapilan tarama sonucunda ulagilan tezler;
yayimlandiklart yil, ait olduklart iiniversite, anabilim dalvkonu alani, tiiri
(yuksek lisans veya doktora) ve yazildiklart dil degiskenleri dikkate alinarak
sistematik bigimde simiflandirilmigtir. Bu smiflandirma  dogrultusunda
gerceklestirilen bibliyometrik analiz ile, tezlerin yillara gore iiretim egilimleri,
farkli iiniversite ve anabilim dallarinda gdsterdikleri yogunlagma Oriintiileri gibi
one ¢ikan tematik egilimler ortaya konulmustur. Ayrica, arastirmada kullanilan
anahtar kelimelere iligskin birlikte bulunma (co-occurrence/keywords) analizi
gergeklestirilmistir. Bu analiz, caligmalarda bir arada kullanilan kavramlar
arasindaki iliskileri goriiniir kilarak, alanin kavramsal yapis1 ve egilimleri

hakkinda biitiinciil bir degerlendirme sunmustur.

BULGULAR

YOKTEZ veri tabanindan elde edilen taramada, “Urban Resilience”
anahtar sozciigii ile toplam 96 tez, “kentsel direnglilik” ifadesi ile 41, “direngli
kent” ile 61 tez, “kentsel dayaniklilik” ile 25 tez, “dayanikli kent” ile 31 tez,

resilient city” ile 30 tez, “resilient cities” ile 50 tez, “direngli sehir” ile 13
tez, “dayanikli sehir” ile 8 tez tespit edilmistir. “Kentsel direnclilik” kavrami
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ile iliskili farkli anahtar kelimeler {izerinden ulasilan toplam tez sayis1 355 olup
yinelenen tezler ayristirildiktan sonra kalan toplam 182 benzersiz lisansiistii tez
belirlenerek arastirma kapsamina dahil edilmistir. YOKTEZ veri tabanindan
elde edilen bulgular, Tiirkiye’de kentsel direnglilik konulu lisansiistii tezlerde
kullanilan anahtar kelimelerin ¢esitliligini ve yogunluklarini ortaya
koymaktadir. Tabloda goriildiigii ilizere, en fazla kullanilan anahtar kelime
“Urban Resilience” (n=96; %27) olup buna karsilik, Tiirk¢e karsiligi olarak en
yaygin kullanmlan kavramm “Direngli Kent” (n=61; %17) oldugu
goriilmektedir. Bunun yaninda, “Resilient City” (n=30; %9) ve ‘“Resilient
Cities” (n=50; %14) kavramlarinin da dikkate deger bir kullanim alan1 buldugu
tespit edilmistir. Genel olarak, bulgular kentsel direnclilik kavraminin
Tiirkiye’deki lisansiistii tezlerde hem Tiirkge hem de Ingilizce bigimleriyle ele
alindigini; ancak Ingilizce terimlerin karsiligi olarak Tiirkge’de farkli
kullanimlarin varligini ortaya koymaktadir (Tablo 1).

Tablo 1. Anahtar kelimelere gore lisansiistii tezlerin dagilimi ve arastirma kapsamina
alian lisansiistii tezlerin belirlenmesi.

Anahtar Kelimeler Say1 Yiizde Yinelenen  Toplam
Urban Resilience 96 27

Kentsel Direnglilik 41 12

Direngli Kent 61 17

Kentsel Dayaniklilik 25 7

Dayanikli Kent 31 9 173 182
Resilient City 30 8

Resilient Cities 50 14

Direngli sehir 13 4

Dayanikli sehir 8 2

Toplam 355 100

YOKTEZ veri tabani iizerinden yapilan taramada, “kentsel direnclilik”
kavraminin Tiirkce ve Ingilizce literatiirdeki karsiliklar1 ve es anlamhi
kullanimlar1 arasindaki “birlikte gecis (co-occurrence) iligkileri” analiz
edilmistir. Tablo 2, farkli kavram ciftlerinin akademik g¢aligmalarda hangi
siklikla birlikte kullanildigini géstermektedir. Elde edilen sonuglara gore:

e “Kentsel Direnglilik — Urban Resilience” ¢ifti 41 yinelenme ile en

yiiksek Dbirlikte gec¢is frekansina sahiptir. Bu durum, “Urban
Resilience” kavraminin Tiirkge karsiligi olarak en c¢ok “kentsel
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direnglilik” ile kullanildigini ve uluslararasi terminolojiye dogrudan
referans verildigini géstermektedir.

e “Urban Resilience — Kentsel Dayaniklilik” (25) ikiliside de yiiksek
sayida yinelenme gostermektedir. Bu bulgu, Tiirk¢e’de kavram igin
farkl1 karsiliklar kullanildigini ve arastirmacilarm Ingilizce kavrami
bu farkl karsiliklarla eslestirdigini ortaya koymaktadir.

e Daha diisiik frekansta yinelenmeler, 6rnegin “Kentsel Direnglilik —
Kentsel Dayaniklilik” (2) veya “Kentsel Direnglilik — Dayanikli
Kent” (2), Tiirk¢e kavramlarin kendi aralarinda daha smirli bir
eslesmeye sahip oldugunu gostermektedir.

Bu wveriler 1s18inda, “Urban Resilience” ve “Resilient City”
kavramlarimin Tiirkge literatiirde farkli terminolojik karsiliklarla kullanildigt
anlagilmaktadir. Ayrica “Tiirk¢e’de “direnglilik” — “dayaniklilik”, “diren¢li” —
“dayanikl1”, “kent” — “sehir” ayrim1 akademik yazinda kavram cesitliligi ve
daginikliga isaret etmektedir. Sonug olarak, Tablo 2°de sunulan co-occurrence
analizi, Tiirk¢e literatiiriin Ingilizce terminoloji ile siki baglarini, fakat ayni
zamanda yerli terminoloji kullaniminda standardizasyon eksikligini ortaya
koymaktadir. Bu durum, Tiirkge literatiirde kavramin farkli bigimlerde ifade
edilmesinin terminolojik bir karmasikliga yol ac¢tigin1 goéstermektedir. Bu
nedenle gelecekte yapilacak calismalarda kavrammn hangi karsilikla
kullanilacagma dair bir ortaklasma saglanmasi, literatiirde daha tutarls,

sistematik ve biitiinciil bir terminolojinin olugmasina katki saglayacaktir.
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Tablo 2. Arastirma kapsamina alinan anahtar kelimeler ve yinelenme sayilari.

Anahtar Kelime 1 Anahtar Kelime 2 Yinelenme
Kentsel Direnglilik (n=41) 41
Direngli Kent (n=61) 17
Kentsel Dayaniklilik (n=25) 25

Urban Resilience (n=96) Dayanikli Kent (n=31) 11
Resilient City (n=30) 10
Resilient Cities (n=50) 14
Direngli sehir (n=13) 2

Dayanikli sehir (n=8)
Direngli Kent (n=61)
Kentsel Dayaniklilik (n=25)
Dayanikli Kent (n=31)
Kentsel Direnglilik (n=41) Resilient City (n=30)
Resilient Cities (n=50)
Direngli sehir (n=13)
Dayanikli sehir (n=8)
Kentsel Dayaniklilik (n=25)
Dayanikli Kent (n=31)
Direngli Kent (n=61) Resilient City (n=30)
Resilient Cities (n=50)
Direngli sehir (n=13)
Dayanikli sehir (n=8)
Dayanikli Kent (n=31)
Kentsel Dayaniklilik (n=25)  Resilient City (n=30)
Resilient Cities (n=50)
Direngli sehir (n=13)
Dayanikli sehir (n=8)
Resilient City (n=30)
Dayanikli Kent (n=31) Resilient Cities (n=50)
Direngli sehir (n=13)
Dayanikli sehir (n=8)
Resilient Cities (n=50)

w

N
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Resilient City (n=30) Direngli sehir (n=13)
Dayanikli sehir (n=8)
Resilient Cities (n=50) Direngli sehir (n=13)
Dayanikli sehir (n=8)
Direngli sehir (n=13) Dayanikli sehir (n=8)

“Kentsel direnglilik” ile ilgili terimler ile YOKTEZ veri tabani iizerinden
herhangi bir y1l sinirlamasi olmaksizin yapilan taramada, 20022025 yillar
arasinda toplam 182 lisansiistii tez ¢aligmasi analiz edilmistir. Yillara gore
dagilim incelendiginde, 6zellikle 2022 ve sonrast donemde kayda deger bir artig
oldugu goriilmektedir. En fazla tezin tiretildigi yillar 2024 (n=50; %27,5), 2023
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(n=33; %18,1) ve 2025 (n=33, %18,1) olarak 6ne ¢ikmaktadir. Bu 3 y1l, toplam
tez iiretiminin yaklasik %64’line karsilik gelmektedir. 2017 ve Oncesindeki
yillarda ise iiretim gorece diisiik olup, birgok yil yalnizca 1 veya 2 tez arasinda
degisen sayilarda ¢alisma kaydedilmis olup 2002-2017 yillar1 aras1 donemde
her y1l yapilan tez sayist %2 nin altinda kalmistir. 2018, 2019, 2020 ve 2021
yillarinda az sayida da olsa tez sayilarinda artis yasanmistir (Tablo 3) (Sekil 1).

Bilim insanlariin farkli donemlerde kentsel direnclilige gosterdigi ilgi,
iilkelerinin kalkinma ge¢misi ve yasadig felaketlerle yakindan iligkili olmustur
(Kong, Mu, Hu & Zhang, 2022). Tiirkiye’de 2020 Elazig Depremi ve 2020
[zmir Depremi, kentlerin afetlere karsi kirilganligini giindeme tagmmustir.
COVID-19 pandemisi (2020-2021), kentlerin sosyal ve altyapisal
dayanikliliginin 6nemini ortaya koymustur. 2021 orman yanginlar ve sel
felaketleri, iklim kaynakli afetlere kars1 direnglilik kavramini 6ne ¢ikarmigtir.
2021°de Tiirkiye nin Paris Iklim Anlasmasi’n1 onaylamasi, iklim uyumu ve
strdiiriilebilir  sehir politikalarin1  giiclendirmistir. Son olarak Tiirkiye
ornekleminde biiyiik kirilma noktasi olan en énemli olaylardan biri, 6 Subat
2023 Kahramanmaras Depremleri olmustur. S6z konusu afet, hem kamusal
hem de akademik alanda kentsel direnglilik, afet yonetimi ve dayanikli kent
planlamas1 konularma yonelik farkindaligi belirgin bi¢cimde artirmistir. Bu
durum, 2023 y1l1 ve sonrasinda iiretilen lisansiistii tez sayisindaki kayda deger

artista da somutlagmustir.

Tablo 3. Lisansiistii tezlerin yillara gére dagilimi.

Yillar Say1 Yiizde Yillar Say1 Yiizde
2002 1 0,5 2018 7 3,8
2008 1 0,5 2019 7 3.8
2011 1 0,5 2020 4 2,2
2012 1 0,5 2021 8 4,4
2013 1 0,5 2022 19 10,4
2014 1 0,5 2023 43 23,6
2015 2 1,1 2024 50 27,5
2016 1 0,5 2025 33 18,1
2017 ) 1,1 Toplam 182 100
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Sekil 1. Tezlerin yillara gére dagilim grafigi.

YOKTEZ veri tabaninda “kentsel direnglilik” kavramlari ile yapilan
tarama sonucunda belirlenen toplam 182 lisansiistii tez, tiirlerine gore
degerlendirilmistir. Bu tezlerin %79,7’sinin yiliksek lisans (n=145),
%20,3’tintin doktora (n=37) diizeyinde oldugu saptanmistir. S6z konusu
dagilim, kavramin Tiirkiye akademisinde ozellikle yiiksek lisans diizeyinde
daha yogun olarak ele alindigini, doktora diizeyinde ise gorece diisiik bir oranda
incelendigi anlasilmaktadir (Tablo 4).

Tablo 4. Lisansiistii tezlerin yillara gére dagilimi.

Tezin Tiirii Say1 Yiizde
Yiksek Lisans 145 79,7
Doktora 37 20,3
Toplam 182 100

YOKTEZ veri tabaninda “kentsel direnglilik” kavrami ile ulasilan
toplam 182 lisansiistii tezin dil dagilimi incelendiginde, tezlerin %72’sinin
Tiirkge (n=131), %28’inin Ingilizce (n=51) dilinde hazirlandig1 belirlenmistir.
Bu bulgu, arastirma kapsamindaki tezlerin dilsel gesitliligini ve oranlarini
niceliksel olarak ortaya koymaktadir (Tablo 5).

Tablo 5. Lisansiistii tezlerin yayin diline gore dagilimi.

Tezin Dili Say1 Yiizde
Tiirkge 131 72
Ingilizce 51 28

Toplam 182 100
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YOKTEZ veri tabaninda “kentsel direnglilik” kavramlari ile belirlenen
lisansiistii tezlerin iiniversitelere gore dagilimi1 Tablo X’te gosterilmektedir.
Tezlerin %21,4’ii Istanbul Teknik Universitesi’nde (n=39), %6,6’s1 Yildiz
Teknik Universitesi'nde (n=12), %6,0’1 Gazi Universitesi’nde (n=11)
yliriitilmistiir. Bu ii¢ iiniversite, toplam tezlerin yaklasik ticte birini (%34)
olusturmaktadir. Orta Dogu Teknik Universitesi ve Mimar Sinan Giizel
Sanatlar Universitesi, %5,5 oranla (n=10) esit sayida tezle sonraki sirada yer
almaktadir. Erciyes Universitesi (%4,4; n=8) ve Bursa Teknik Universitesi
(%3,8; n=7) de gorece yliksek oranlara sahiptir. Veri setinde 55 farkli liniversite
tespit edilmistir. Bunlarin 27’sinde yalnizca birer tez (%0,5) bulunmaktadir.
Tiirkiye disindan iki iiniversiteye (Deakin University ve Politecnico di Milano)
ait toplam iki tez (%1,0) belirlenmistir (Tablo 6 ve Sekil 2).

Lisansisti Tezlerin Universitelere Gore Dagilimi

Yeditepe Universites!

Ondokuz Mayis Universitesi
Marmara Universitesi

Karadeniz Teknik Universitesi
Istanbul Universitesi-Cerrahpasa
istanbul Kiiltiir Universitesi

Gebze Teknik Universitesi

Burdur Mehmet Akif Ersoy Universitesi
Bahcesehir Universitesi

Atatirk Universitesi

Wan Yuzincd Yil Universitesi

Selcuk Universitesi

Sakarya Universitesi

izmir Yiiksek Teknolaji Enstitlsd
Istanbul Okan Universitesi
Canakkale Onsekiz Mart Universitesi
Akdeniz Universitesi

Siileyman Demirel Universitesi
Ankara Universitesi

Dokuz Eylil Universitesi

Bursa Teknik Universitesi

Erciyes Universitesi

Orta Dogu Teknik Universitesi
Mimar Sinan Giizel Sanatlar Universitesi

Gazi Universitesi

Yildiz Teknik Universites

Istanbul Teknik Universitesi

o
[
=1

15 20 25 30 35 40
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Sekil 2. Tezlerin liniversitelere gore dagilim grafigi (yalnizca en az iki veya daha

fazla tez sayisina sahip iiniversiteleri gdstermektedir).

Tablo 6. Lisansiistii tezlerin iiniversitelere gore dagilima.

Universite Ad1 Say1 Yiizde
Istanbul Teknik Universitesi 39 21,4
Yildiz Teknik Universitesi 12 6,6
Gazi Universitesi 6,0
Mimar Sinan Giizel Sanatlar Universitesi 5,5
Orta Dogu Teknik Universitesi 5,5
Erciyes Universitesi 4.4
Bursa Teknik Universitesi 3,8
Dokuz Eyliil Universitesi 3,3
Ankara Universitesi 2,7
Siileyman Demirel Universitesi 2,2
Akdeniz Universitesi 1,6
Canakkale Onsekiz Mart Universitesi 1,6
Istanbul Okan Universitesi 1,6
Izmir Yiiksek Teknoloji Enstitiisii 1,6
Sakarya Universitesi 1,6
Selcuk Universitesi 1,6
Van Yiiziincii Y1l Universitesi 1,6

Atatiirk Universitesi

Bahgesehir Universitesi

Burdur Mehmet Akif Ersoy Universitesi
Gebze Teknik Universitesi
Istanbul Kiiltiir Universitesi
Istanbul Universitesi-Cerrahpasa
Karadeniz Teknik Universitesi
Marmara Universitesi

Ondokuz Mayis Universitesi
Yeditepe Universitesi

Altinbas Universitesi

[ i i i i
[ e el el el el e el e

Ankara Yildirim Beyazit Universitesi 0,5
Aydin Adnan Menderes Universitesi 0,5
Bartin Universitesi 0,5
Cankir1 Karatekin Universitesi 0,5
Cukurova Universitesi 0,5
Deakin University 0,5
Ege Universitesi 0,5
Eskisehir Teknik Universitesi 0,5
Firat Universitesi 0,5
Galatasaray Universitesi 0,5
Giimiishane Universitesi 0,5
Ihsan Dogramaci Bilkent Universitesi 0,5
Istanbul Arel Universitesi 0,5

o s e e = = = S DR RN RN WLWLWWWWWA NI S oo

[stanbul Sabahattin Zaim Universitesi
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Istanbul Topkap1 Universitesi 1 0,5
Istanbul Universitesi 1 0,5
[zmir Demokrasi Universitesi 1 0,5
[zmir Ekonomi Universitesi | 0,5
Izmir Katip Celebi Universitesi 1 0,5
Kadir Has Universitesi 1 0,5
Kahramanmaras Siitcii Imam Universitesi 1 0,5
Kocaeli Universitesi | 0,5
KTO Karatay Universitesi 1 0,5
Mugla Sitk1 Kogman Universitesi 1 0,5
Nevsehir Hac1 Bektas Veli Universitesi 1 0,5
Ozyegin Universitesi 1 0,5
Politecnico di Milano 1 0,5
Trakya Universitesi 1 0,5
Toplam 182 100

Tablo 7°de ise kentsel direnglilik igerikli tezlerin konularina/anabilim
dallarina gore dagilimi yer almaktadir. Caligmalarin anabilim dallarina gore
dagilimi, kavramin Tiirkiye akademisinde disiplinleraras1 bir arastirma alani
olarak gelistigini gostermektedir. Tezlerin en yiiksek oranda Sehircilik ve
Bolge Planlama (%44,5; n=81), Mimarlik (%15,9; n=29) ve Peyzaj Mimarlig1
(%13,2; n=24) alanlarinda {iretildigi goriilmektedir. Bu iic alan birlikte
degerlendirildiginde, kentsel direnglilikle iliskili tezlerin yaklasik %74 iiniin
(n=134) mekansal disiplinlerde yogunlastig1 anlasilmaktadir. Sosyal bilimler
kapsaminda yer alan Kamu Yonetimi ve Sosyoloji anabilim dallarinda tezlerin
toplam oran1 8,2%’dir (n=15). Teknik ve miithendislik disiplinlerinde iiretilen
tezler ise Jeodezi ve Fotogrametri, Deprem Miihendisligi, Cografya, Ingaat
Miihendisligi, Endiistri Miihendisligi, Cevre Miihendisligi, Jeoloji
Miihendisligi ve Afet ve Savas Sonrasi Imar ve Rehabilitasyon alanlarimi
kapsamaktadir; bu gruptaki tezlerin toplam oram 16,1%’dir (n=28). Isletme ve
Bilim ve Teknoloji anabilim dallarinda iiretilen tezlerin her biri toplamin
0,5%’ini (n=1) olusturmaktadir. Bu wveriler, kentsel direnglilik tezlerinin
Tiirkiye akademisinde disiplinleraras1 bir dagilim gosterdigini fakat 6zellikle
mekansal planlama ve mimarlik alanlarinda yogunlastigini géstermektedir
(Tablo 7).
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Tablo 7. Lisansiistii tezlerin Anabilim Dalina/konularina goére dagilimi.

Anabilim Dali / Konu YL DR Toplam  Yiizde
Sehircilik ve Bolge Planlama 63 18 81 44,5
Mimarlik 25 4 29 15,9
Peyzaj Mimarligi 19 5 24 13,2
Kamu Y 6netimi 9 5 14 7,7
Jeodezi ve Fotogrametri 7 1 8 4,4
Deprem Miihendisligi 5 1 6 33
Cografya 5 1 6 33
Ingaat Miihendisligi 3 1 4 2,2
Endiistri ve Endiistri Miihendisligi 1 1 2 1,1
Cevre Miihendisligi 2 - 2 1,1
Sosyoloji 1 - | 0,5
Ormancilik ve Orman Miihendisligi 1 - | 0,5
Jeoloji Miihendisligi 1 - | 0,5
Isletme 1 - 1 0,5
Bilim ve Teknoloji 1 - 1 0,5
Afet ve Savas Sonras1 Imar ve Rehabilit. 1 - 1 0,5
Toplam 145 37 182 100
SONUC

Elde edilen bulgular, Tirkiye’de kentsel direnglilik {izerine yapilan
lisansiistii ¢alismalarin yaklasik on bes yillik bir gegmise sahip oldugunu ve
2022-2025 yillarinda ve 6zellikle son 2 yilda tez sayilarinda belirgin bir artis
yasandigin1 gdstermektedir. Bu durum {ilkenin kalkinma gegmisi ve yasadigi
felaketlerle iligkilidir. Caligmalarin biiyiik bir kisminin Sehircilik ve Bolge
Planlama, Mimarlik ve Peyzaj Mimarlig1 disiplinlerinde yogunlastig1 tespit
edilmistir; diger disiplinlerde ise ¢alisma sayist az olup, kentsel direncliligin
farkli boyutlarina iligkin aragtirmalar yeterince ele alinmamistir. Ayrica Tiirkge
literatiirde “Urban Resilience” ve “Resilient City” kavramlarmin farkl
karsiliklarla kullanilmasinin terminolojik karmasikliga yol actigi ve gelecekte
ortak bir kullanimin literatiirde tutarlilig1 artiracagi goriilmektedir.

Sonug olarak, Tiirkiye’de kentsel direnglilik konulu lisansiistii tezlerin
giderek arttig1, ancak sosyal boyutlar ve disiplinlerarasi yaklagimlarin yeterince
ele alinmadigi goriilmektedir. Bu durum, gelecekte yapilacak aragtirmalar igin
o6nemli bir yonlendirme saglamaktadir.
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1. GIRIS

Giiniimiizde kentler, hem ani ortaya ¢ikan tehlikeler (6rnegin depremler)
hem de iklim degisikliginin yol agtig1 yavas gelisen cevresel stresler nedeniyle
cok boyutlu risklerle kars1 karsiya kalmaktadir. Kentsel sistemlerin bu risklere
kars1 esneklik kazanmasi, literatiirde “kentsel direnglilik” kavrami altinda
tartisilmakta; direnclilik, soklara karsi absorbe etme, uyum saglama ve hizh
toparlanma kapasitesi olarak tanimlanmaktadir (Folke et al., 2010; Meerow,
Newell & Stults, 2016). Deprem tehlikesi ile iklim degisikligine bagl afetlerin
etkilesimli dogasi, arastirmacilar1 bu iki risk alanini birlikte degerlendirmeye
yoneltmektedir. Nitekim son yillarda ¢oklu tehlike yaklasimlari, afet risk
azaltma stratejilerinin merkezine yerlesmistir (UNDRR, 2019).

Yapilan ¢aligmalar, depremler ve iklim kaynakli tehlikelerin kentsel
altyap1 lizerinde ¢ift yonlii ve birbirini tetikleyen etkiler olusturdugunu
vurgulamaktadir. Iklim degisikliginin heyelan riskini artirarak deprem sonrast
ikincil afetlerin siddetlenmesine neden olabilecegi (Crozier, 2010), sicaklik
artisinin  yapt malzemelerinin dayanikliligini azaltarak deprem zararlarini
artirabilecegi (D’Ayala & Ansal, 2012) ve deprem sonrasi geg¢ici barinma
stireclerinin 1s1l konfor, su yonetimi ve enerji tiiketimi bakimindan iklim
uyumuyla dogrudan iligkili oldugu belirtilmektedir (Cozzolino et al., 2020). Bu
iligkisellik, afet planlamasinda deprem ve iklim degisikligini birbirinden
ayrilmaz iki risk alani olarak ele alma gerekliligini ortaya koymaktadir.

2015 sonras1 arastirmalar, oOzellikle Sendai Afet Risk Azaltma
Cercevesi'nin kabuliiyle birlikte, deprem ve iklim degisikligi temalarinin
giderek daha biitiinciil bir ¢ercevede ele alindigini1 gostermektedir. Deprem
riskinin yalnizca yapisal dayaniklilikla agiklanamayacagi; toplumsal kirillganlik
(Cutter et al., 2014), mekansal esitsizlikler (Shi et al., 2021), ekosistem
dayanikliligi (Sharifi, 2016) ve c¢oklu tehlike senaryolarmnin (Kappes et al.,
2012) birlikte degerlendirilmesi gerektigi vurgulanmaktadir. Bu yaklasim,
kentsel planlama disiplininin risk azaltma, arazi kullamm kararlarn,
stirdiiriilebilir kentsel tasarim, altyap1 dayaniklilifi ve doga tabanh ¢oziimler
gibi alanlarda oynadig kritik rolii daha goriiniir hale getirmistir (Quagliarini &
D’Orazio, 2017; Jabareen, 2015). Ayni donemde yapilan calismalar, iklim
uyumu ile deprem hazirlig1 siireglerinin  birbirini giiglendiren paralel
mekanizmalar oldugunu ve toplumsal dayanikliligin her iki alanda da merkezi
bir kavram olarak one ¢iktigini ortaya koymaktadir (Aldrich & Meyer, 2015).
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Bununla birlikte literatiirdeki mevcut ¢aligmalarin énemli bir bolimii
deprem ve iklim risklerini ayr1 ayri ele almakta; bu iki tehlikenin kesisimsel
bicimde analiz edildigi ¢alismalar gorece sinirlt kalmaktadir. Bu baglamda,
deprem ve iklim direngliligi alanindaki kiiresel arastirma egilimlerini, isbirligi
aglarmi, kavramsal kiimeleri ve tematik gelisimi ortaya koyan bibliyometrik bir
analiz, literatiirde onemli bir boslugu doldurmaktadir. Bu caligma, Web of
Science veri tabaninda 2015-2025 arasinda yayimlanan 649 akademik
calismay1 inceleyerek, deprem ve iklim direngliligi kesisimindeki bilimsel

iretimin kapsamli bir degerlendirmesini sunmay1 amaglamaktadir.

2. ARASTIRMA METODOLOJISI

Bu arastirmada, deprem ve iklim direncliligi kesisimindeki bilimsel
iiretimi gdriiniir kilmak amaciyla bibliyometrik analiz yontemi tercih edilmistir.
Bibliyometrik analiz; literatiirdeki temel egilimleri, tematik yogunlasmalari,
kavramsal gelisimi ve igbirligi aglarint nesnel bi¢imde ortaya koyma
konusunda etkili bir yontemdir (Aria & Cuccurullo, 2017). Bu dogrultuda
caligma kapsamina Web of Science Core Collection veri tabaninda 2015-2025
yillar1 arasmmda yayimlanan akademik yaymlar dahil edilmistir. Arama
stirecinde, deprem ve iklim degisikligi temalarinin kentsel baglamda kesisimini
yakalamak amaciyla kapsamli bir sorgu dizisi kullanilmistir. WoS aramasi su
sorgu ile gerceklestirilmistir:

TS=(("deprem" OR "sismik risk" OR "sismik direnclilik" OR "afet risk
azaltma" OR "¢oklu tehlike"))

AND TS=(("iklim direngliligi" OR "iklim uyumu" OR "iklim
degisikligi"))

AND TS=(("kentsel" OR "kent" OR "mekansal planlama" OR "kentsel
planlama" OR "direncli kent"))

AND PY=(2015-2025)

[TS=(("earthquake" OR "seismic risk" OR "seismic resilience" OR
"disaster risk reduction" OR "multi-hazard")) AND TS=(("climate resilience"
OR "climate adaptation" OR "climate change")) AND TS=(("urban" OR "city"
OR "spatial planning" OR "urban planning" OR "resilient city")) AND
PY=(2015-2025)] (Web of Science taramasi ingilizce dilinde yapilmistir.)

Bu sorgu sonucunda toplam 649 yayin elde edilmis ve veriler “Tam

Kayit ve Atif Yapilan Referanslar” formatinda disa aktarilmistir. Veri seti
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Bibliometrix/Biblioshiny yazilimi ile analiz edilerek dokiiman tiirleri, yillara
gore yayin egilimleri, atif oriintiileri, anahtar kelime dagilimlar1 ve en etkili
yazarlar incelenmistir. Anahtar kelimeler arasindaki iligkileri belirlemek
amaciyla VOSviewer kullanilmig; anahtar kelimeler {izerinden es-ortaklik (co-
occurrence) agi ve tematik kiimeler {iretilmistir. Bu biitiinciil yontemsel
yaklagim, deprem ve iklim direngliligi alaninda son on yil i¢inde gelisen
kavramsal yapiyr hem niceliksel hem de iliskisel diizeyde ortaya koymay1
miimkiin kilmistir.

Web of Science veri tabani iizerinden daha 6nce belirlenen arama bagina
gore yapilan tarama ile ulasilan 649 akademik c¢alisma gozden gegirilerek

kapsam dis1 ¢alismalar ¢ikarildiktan sonra ilk olarak en fazla atif alan ilk 10

yayin irdelenmistir (Tablo 1.).

Tablo 1. WOS Veri Tabanina Gore En Fazla Atif Alan Akademik Caligmalarin Atif

Sayis1 ve Ozeti

Yazar

Makale Bashg Atif Sayisi Ozet I¢erik
(Yaymn Yih)
2004-2016 arasinda 4.862 heyelanda 55.997
. Global Fatal . e :
Froude Mj; Landslid kisi yasamini yitirmistir. En fazla etkilenen
andslide .
Petley Dn 1373 bolge Asya’dir. Insan kaynakli etkiler, heyelan
Occurrence  from Lo . .
(2018) riskini iklim degiskenlerinden daha fazla
2004 to 2016 _ . .
artirdigini gostermektedir.
Calisma, kentlerdeki ekosistem temelli uyum
(EBA) yaklasimlarini incelemekte ve bes
Cascades of Green: . O
. . bilesenli bir kavramsal ¢ergeve sunmaktadir.
Brink E., ve a Review of ]
N . EBA aragtirmalar1 pargali ilerlemekte; odak
digerleri Ecosystem-Based 255 . o .
L. genellikle 1s1 ve sel riskine karsi yesil alanlar
(20106) Adaptation in Urban . .
A ve sulak alanlardir. Sosyal ve etik boyutlar ise
reas
literatiirde ~ biliylik  ol¢iide  gbz  ardi
edilmektedir.
. 401 biyiik kentten yalmizca %15’ iklim
Climate Change . .
. ) uyumuna yonelik somut adimlar bildirmistir.
Araos M., ve  Adaptation Planning . B B
N . ) . Genis ¢apli uyum saglayan kentler ¢ogunlukla
digerleri in Large Cities: a 241 . . .
. yiiksek gelirli iilkelerde yer alirken, kiiresel
(2016) Systematic  Global " o R
olgekte kentlerde iklim uyumu hala erken
Assessment

agsamadadir.
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Iklim degisikligi, sicak hava dalgalari, seller

Mcphillips . ve firtinalar gibi asir1 olaylarn sikligini ve
Defining  Extreme . S
Le., ve etkisini artirmaktadir. Ancak farkli disiplinler
. . Events: a Cross- 209 . B
digerleri L . bu olaylan farkli sekillerde tanimladigindan,
Disciplinary Review e . . " .
(2018) afet yonetimi ve direng gelistirme siireglerinde
ortak bir anlayis eksikligi bulunmaktadir.
Integrating the Grey, . e e tene s < . .
; Iklim degisikliginin artirdig1 afet riskleri
Green, and Blue in .
o . karsisinda sehirler savunmasizdir;
Depietri ' Y; Cities: Nature- . . . . .
: ekosistemler bu riskleri azaltabilir. Gri
Mcphearson  Based Solutions for 205 . L
. altyapilar yetersiz kalirken, hibrit ¢oziimler
T (2017) Climate Change (yesil . i) daha ctkili bi
esil, mavi ve gri) daha etkili bir uyum
Adaptation and Risk e . g Y
. stratejisi sunar.
Reduction
Iklim degisikligi ve hizh kentlesme, sehirleri
. dogal afetlere karst1 savunmasiz hale
Amirzadeh . .
M: Urban Resilience: a getirirken, kentsel dayamklilik kavrami
’ L Vague or an giderek Onem kazanmaktadir. Bu c¢aligma,
Sobhaninia . 197 . sl
) Evolutionary direng kavraminin belirsizligini ele alarak
S; Sharifi A - .
(2022) Concept? uyum, toparlanma ve doniigim temelli
yaklasimlart sistematik bigimde
agiklamaktadir.
. Caligsma, sehirlerin iklim uyum planlamasinda
Inclusive .. . -
sivil toplum katiliminin  bi¢imlerini ve
Chu E; Approaches to o
A lovski  Urb Climat etkilerini incelemekte; kapsayici yaklasimlarin
nguelovski rban imate
£ . . ) 166 iklim adaleti a¢isindan kisa vadede daha etkili
[; Carmin J Adaptation Planning . . . .
: oldugunu gostermektedir. Ancak uzun vadeli
(2016) and Implementation o o
. basar1 igin ¢ok paydasli yonetisim yapilarinin
in the Global South e .
kurumsallasmasi da kritik goriilmektedir.
iklim degisikligine bagh sicak hava dalgalari,
Climate Change, sel ve heyelan gibi afetler sehirlerdeki
. Equity and the esitsizlikleri derinlestirerek en ¢ok diisiik
Reckien D., . .
N . Sustainable gelirli ve toplumsal olarak kirilgan gruplar
ve digerleri. 157 ) .
(2017) Development Goals: etkilemektedir. Calisma, uyum ve azaltim
an Urban politikalarinin da adaletsizlik yaratabilecegine
Perspective dikkat ¢ekerek, iklim adaletine yonelik ¢6ziim
onerileri sunmaktadir.
Beyond Doga temelli ¢oziimler sehirlerde iklim uyumu
Participation: When icin One ¢iksa da, mevcut yurttas katilim
Wamsler C., . .. el -
N . Citizen Engagement bigimleri siirdiiriilebilir doniigiim saglamada
ve digerleri 147 . .
(2020) Leads to yetersiz  kalmaktadir. Glig iliskileri ve
Undesirable yonetigim kapasitesi eksiklikleri, iklim uyum
Outcomes for stireclerinde katilimin etkisini sinirlamaktadir.
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Nature-Based
Solutions and
Climate Change
Adaptation

Resilience of Urban
Gongalves .
. Transportation
Lapj;
Ribei pi Systems. Concept,
ibeiro .
18 Characteristics, and
(2020)

Methods

115

Kentsel ulasim sistemleri dogal afetler ve
insan kaynakli kesintilere kars1 kirtlgandir; bu
nedenle direnglilik kavrami giderek Onem
kazanmaktadir. Caligma, ulasim altyapisinin
afet sonrasi uyum ve doniisiim kapasitesini

degerlendirmeye yonelik kavramsal bir

gerceve sunmaktadir.

Tablo 1’de WOS veri tabanina gore en fazla atif alan ilk on akademik
calismanin atif sayilar1 ve akademik caligsmalarin, ¢aligma icerigi Ozetle
verilmektedir. Bu baglamda bibliyometrik analiz icin WOS veri tabam
iizerinden yapilan tarama sonucu en fazla atif alan ¢alismada Froude ve Petley
(2018), 2004-2016 yillar1 arasinda meydana gelen 6liimciil ve sismik olmayan
heyelanlara iligkin kiiresel bir veri setini analiz ederek afetlerin mekansal ve
zamansal dagilimini kapsamli bi¢cimde ortaya koymaktadir. Calismada toplam
4.862 heyelan olayinda 55.997 kisinin hayatini kaybettigi belirlenmis; 6zellikle
Asya kitasinin yiiksek niifus yogunlugu, topografya ve iklim kosullari
nedeniyle en fazla etkilenen bolge oldugu vurgulanmistir. Bulgular,
heyelanlarin El Nifio gibi iklimsel anomalilerin yasandigi yillarda artis
egilimine girdigini gostermekte; bununla birlikte iklim degisikligi ile heyelan
siklig1 arasindaki iligkinin daha uzun siireli veri setlerine ihtiya¢ duydugu
belirtilmektedir. Makale ayrica, madencilik, insaat ve yol yapimi gibi insan
faaliyetlerinin heyelan riskini giderek artirdigin1 ortaya koyarak afet
olusumunun dogal siireglerle smirli olmadigina dikkat c¢ekmektedir. Bu
yoniiyle ¢alisma, risk azaltma politikalarinin yalnizca iklimsel etkilere degil,
ayn1 zamanda insan kaynakli arazi kullanim pratiklerine odaklanmasi
gerektigini vurgulayan énemli bir bagvuru niteligi tagimaktadir.

Brink ve arkadaglar1 (2016), ekosistem temelli uyum (Ecosystem-based
Adaptation, EbA) yaklagimlariin iklim degisikligiyle miicadelede sehirlerde
nasil kullanilabilecegini kapsamli sekilde incelemektedir. Calisma, geleneksel
“gri altyap1” ¢ozlimlerinin yiiksek maliyetli ve sinirli esneklige sahip oldugunu,
buna karsin doga temelli ¢oziimlerin ¢ok islevli, maliyet etkin ve siirdiirtilebilir
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alternatifler sundugunu savunmaktadir. Yazarlar, yesil alanlar, parklar, sulak
alanlar ve agaclandirma gibi yapilar araciligiyla sicaklik diizenleme, sel
kontrolii ve erozyonun azaltilmasi gibi afet risklerinin diisiiriilebilecegini
belirtmektedir. Ancak makale, kent baglaminda ekosistem temelli uyum
uygulamalarinin halen pargali bir literatiire sahip oldugunu ve sosyo-ekonomik
esitlik, paydas katilimi, ydnetisim yapilar1 gibi alanlarda ciddi bosluklar
bulundugunu vurgular. Bu baglamda calisma, ekosistem temelli uyumun
sehirlerde etkili ve adil bir iklim uyumu saglayabilmesi i¢in sadece biyofiziksel
degil, ayn1 zamanda sosyal, ekonomik ve kurumsal boyutlarin da entegre
edilmesi gerektigini ortaya koymaktadir.

McPhillips ve arkadaglar1 (2018), iklim degisikligiyle baglantili olarak
artan asir1 hava olaylariin (6rnegin sicak hava dalgalari, sel, firtina) farkl
disiplinlerde nasil tanimlandigin1 inceleyerek bu konudaki kavramsal
belirsizlikleri ortaya koymaktadir. Calisma; klimatoloji, yer bilimleri, ekoloji,
miihendislik, hidroloji ve sosyal bilimler gibi alt1 ana disiplini karsilagtirmali
olarak analiz ederek, “asirilik” kavraminin taniminda ortak bir g¢ergevenin
bulunmadigimi gostermektedir. Aragtirmaya gore, bir¢ok akademik caligma
asir1 olaylar1 yalnizca nicel esiklerle tanimlarken, olaylarin toplumsal etkileri
veya baglamsal kirillganlik gibi nitel faktorler ¢ogu zaman goz ardi
edilmektedir. Makale, asir1 olaylarin sadece fiziksel o6zelliklerine degil, bu
olaylarin insanlar ve altyapilar {izerindeki etkilerine de odaklanilmasi
gerektigini savunarak, direnclilik politikalarinin etkili bigimde tasarlanabilmesi
icin daha net, disiplinler arasi ve ortak tanimlar gelistirilmesini 6énermektedir.
Bu yoniiyle ¢alisma, afet yonetimi, iklim uyumu ve direnglilik literatiiriinde
kavramsal netlik saglama amaci1 tagiyan 6zgiin bir katki sunmaktadir.

Depietri ve McPhearson (2017), sehirlerde iklim degisikligi uyumu ve
afet risk azaltimi baglaminda “gri”, “yesil” ve “mavi” altyapr tiirlerini
karsilagtirmali olarak ele alarak, geleneksel gri altyapi c¢oziimlerinin
siirliliklarini vurgulamistir. Arastirmacilar, yalnizca beton ve teknik altyap:
sistemlerine dayanan yaklasimlarin uzun vadede kentsel kirilganligi azaltmakta
yetersiz kalabilecegini; bunun yerine dogal sistemleri (yesil alanlar, sulak
alanlar, suyla iliskili ekolojik yapilar) igeren hibrit altyapi modellerinin sel
kontrolii, sicaklik diizenleme, erozyon kontrolii gibi afet diizenleyici islevleri
daha etkin bigimde iistlenebilecegini ileri stirmiislerdir. Yaptiklari literatiir

taramasina ve vaka incelemelerine dayanarak, siirdiiriilebilir kentsel uyumun
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saglanabilmesi i¢in gri, yesil ve mavi altyapi bilesenlerinin birlikte planlanmasi
gerektigini belirtmislerdir. Bu yoniiyle calisma, kentsel planlama ve politika
tasariminda doga temelli ¢oziimler ile teknik altyapilarin entegrasyonunu
savunan, iklim degisikligi ve afet risklerine karsi biitlinciil bir adaptasyon
stratejisi Onerisi sunmaktadir.

En ¢ok atif alan bu akademik calismalarin incelenmesi, deprem ve iklim
direngliligi alanindaki giincel arastirmalarin agirlikli olarak iklim degisikligi
kaynakli afetler, kentsel uyum kapasitesi, doga tabanli ¢6ziimler (EBA/NBS),
kentsel savunmasizlik, esitsizlik ve adalet temelli yaklasimlar etrafinda
yogunlastigint gdstermektedir. Caligmalarm biiylik boliimiiniin sicak hava
dalgalan, seller, heyelanlar, firtinalar ve asir1 hava olaylar gibi iklim kaynakli
risklerin kentler tlizerindeki etkilerini degerlendirdigi; buna karsilik deprem
riskinin daha ¢ok ¢oklu tehlike perspektifinde ele alindig1 goriilmektedir. Ortak
olarak, kentlerin hem iklim hem deprem gibi ani-onset afetlere karsi artan
kirillganliginin, 6zellikle yetersiz planlama, hizli kentlesme, altyap1 eksiklikleri
ve ekosistem tahribati ile iliskilendirildigi dikkat ¢cekmektedir.

Literatiirin biiyilk kismi, ekosistem temelli ¢ézlimlerin, yesil-mavi
altyapt uygulamalarinin, kentsel yesil aglarin ve doga tabanli risk azaltma
stratejilerinin hem iklim uyumu hem de afet risk azaltimi i¢in etkili araglar
oldugunu vurgulamaktadir. Ayrica kentsel adalet, toplumsal esitsizlik,
katilime1  yonetisim ve kurumsal kapasite temalarinin neredeyse tiim
caligmalarda kritik bilesenler olarak one ¢iktig1 goriilmektedir. Bu durum,
kentlerin yalnizca fiziksel altyapilari iizerinden degil, ayn1 zamanda sosyal,
yonetsel ve ekolojik sistemleri araciligiyla direng kazanabilecegini ortaya
koymaktadir.

Caligmalarin ortak bir diger yonii, kentlerde iklim degisikligi ve afet
risklerinin yonetiminde biitiinciil, disiplinleraras1 ve uzun vadeli planlama
gerekliligini vurgulamasidir. En ¢ok atif alan bu yayinlarda, 6zellikle kamu
katilimi, seffaf yonetisim, esitlik¢i politika gelistirme ve uygulanabilir uyum
stratejileri tizerinde durulmakta; kirllgan gruplarin risklere orantisiz sekilde
maruz kaldigina isaret edilmektedir. Sonug¢ olarak, incelenen caligmalarin
tiimii, kentlerin gelecekteki soklara karsi dayanikliligini artirmak i¢in ekolojik
tabanl yaklagimlar, sosyal adalet odakli politikalar ve kapsayici yonetisim
modellerinin birlikte ele alinmas1 gerektigini gdstermektedir. Bu bulgular, afet
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yonetimi ve kentsel direnglilik literatiiriinde giderek giiclenen biitiinciil ve

kapsayici bir yaklagimin gelismekte oldugunu ortaya koymaktadir.

3. BULGULAR

Calismada, 2015-2025 yillar1 arasinda konuya odaklanan toplam 649
yay1n tespit edilmistir. Bu yayinlar kapsaminda 278 farkl kaynak (dergi, kitap
vb.) kullanilmis; yazarlar tarafindan tanimlanan toplam 1960 anahtar kelime
kaydedilmistir. Alanin kavramsal c¢esitliligini yansitan bu veriler, arastirma
konusunun genis bir baglamda ele almdigmi gostermektedir. Incelenen
literatiirde 2372 farkli yazar katki sunmus olup, belge basina ortalama 21,9 atif
ile caligmalarm akademik etki diizeyinin orta seviyede ve istikrarli oldugu
gorlilmektedir (Tablo 1). Belge tiirleri agisindan degerlendirildiginde, 57’si
derleme makalesi, 29°u tam metin bildiri, 2’si ise erken erisim yayini olarak
siniflandirtlmistir.

Tablo 2. Analiz edilen verilere genel bakis (Kaynak: Yazarlar tarafindan
olusturulmustur.

Zaman 2015:2025
Kaynaklar (Dergiler, Kitaplar vb.) 278

Yazar Anahtar Kelimeleri (DE) 1960
Yazarlar 2372
Makale 523
Makale metni 29
Derleme makalesi 57

Erken erisim 2

Makale basina ortalama atif 21.9

Sekil 1, yillar itibariyla yayin sayisindaki degisimi gostermektedir.
Incelenen dénem, 2015 yilinda yayimlanan 17 makale ile baglamistir. Bu
baslangigtan sonra, makale sayis1 2021 yilina kadar istikrarli ve keskin bir artig
egilimi sergilemistir. Ozellikle 2020 ve 2021 yillar1 arasindaki artis dikkat
cekicidir. 2021'de ulasilan 87 makale sayisi, bu donemdeki bilimsel iiretimin
onemli bir zirvesi olmustur. Bu egilim, séz konusu alana yonelik uluslararasi
ilginin, arastirma fonlarmin veya akademik g¢abalarin bu alt1 yillik siirecte
onemli Ol¢lide yogunlastigini gostermektedir. 2021'deki ilk zirvenin ardindan
makale sayisinda 2022'de (82 makale) ve 2023'te (75 makale) hafif bir diisiis
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gbzlenmistir. Ancak, bilimsel iiretim 2024 yilinda tiim zamanlarin en yiiksek
seviyesine ulagarak 90 makale ile ikinci ve en biiyiik zirvesini yasamistir. Son
yil olan 2025'te ise makale sayisi, bir 6nceki yila gore énemli bir diisiisle (75
makale) tekrar 2023 seviyesine gerilemistir. Genel olarak, ¢alisma alanindaki
bilimsel {iretim, 2015-2025 yillar1 arasinda pozitif bir net biiyiime gostermis ve
kayda deger bir ivme kazanmugtir.

100
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40
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Sekil 1. Yillar i¢inde bilimsel iiretimdeki degisiklikler

Caligma kapsaminda yapilan analizler, konuya iligkin akademik {iretimin
kiiresel Olcekte yogunlastigr tlkeleri ortaya koymustur. Yaym sayist
bakimindan ilk sirada 201 yayin ile Cin yer alirken, onu sirasiyla 185 yaym ile
ABD ve 149 yaym ile Birlesik Krallik takip etmektedir. Bu iilkelerin ardindan
gelen Italya (113), Almanya (111), Avustralya (86), Japonya (82), Hindistan
(67), Hollanda (63) ve Endonezya (59) gibi iilkeler de konuya yonelik 6nemli
akademik katkilar sunmustur (Tablo 3.). Bu dagilim, 6zellikle Cin ve ABD gibi
iilkelerin teknolojik altyapi, arastirma fonlar1 ve dijital doniisiim siireglerindeki
onciiliiklerinin yayn performansina da yansidigmi gostermektedir. Ayrica
Avrupa kitasindan bir¢ok {iilkenin iist siralarda yer almasi, konunun kiiresel
diizeyde disiplinler arasi ilgi gordiigiinii ve uluslararasi is birliklerine agik bir
yapiya sahip oldugunu ortaya koymaktadir. Tiirkiye ise toplam 5 yayin ile

siralamada orta-alt bir konumda yer almakta; yiiksek deprem riskine ragmen
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sinirli bir akademik iiretim gostermektedir. Ancak son yillarda kentsel
direnclilik, afet risk azaltimi ve iklim uyumu alanlarinda artan akademik ilgi,
Tirkiye’nin bu arastirma alaninda gelecekte daha goriiniir bir aktor haline
gelebilecegine isaret etmektedir (Sekil 2.).

Table 3.Yaymn Sayist Bakimindan {lk 10 Ulke

Ulke Yayn Sayisi
CHINA 201
USA 185
UK 149
ITALY 113
GERMANY 111
AUSTRALIA 86
JAPAN 82
INDIA 67
NETHERLANDS 63
INDONESIA 59

Sekil 2. Bilimsel Yaym Ureten Ulkelerin Haritast

Analiz edilen alandaki uluslararasi ig birligi ag1 haritas1 (Sekil 3.), iilkeler
arasindaki ortak yazarlik iliskilerinin cografi dagilimmi ve kiiresel aragtirma
etkilesimlerinin yogunlugunu gorsellestirmektedir. Harita, 6zellikle ABD, Cin,
Birlesik Krallik, Almanya ve Avustralya gibi yiiksek yayin kapasitesine sahip



109 | KENTSEL DIRENCLILIK: AFETLER, IKLIM VE MEKANSAL STRATEJILER

iilkelerin agin merkezinde konumlandigini ve ¢ok sayida iilke ile giiclii is birligi
baglan gelistirdigini ortaya koymaktadir. Bu iilkeler arasinda yer alan yogun
kirmizi ve turuncu baglant:1 ¢izgileri, ortak ¢aligmalarin sikligimni ve iki yonlii
bilimsel etkilesimin giiciinii gostermektedir. Ag§ yapisi, ozellikle Kuzey
Amerika — Avrupa — Asya Pasifik ekseninde son derece yogunlagmis olup,
kiiresel bilgi iiretiminin bu ii¢ bolge arasinda merkezi bir dongii icinde
ilerledigine isaret etmektedir.

Bulgular, Cin—Japonya, ABD-Birlesik Krallik, Avustralya—Yeni
Zelanda, Almanya—Iran, Cin—Endonezya ve Japonya—Malezya gibi iilke giftleri
arasinda dikkate deger diizeyde is birligi bulundugunu gostermektedir. Bunun
yan1 sira Banglades—Nepal, Bhutan—Sri Lanka veya Bel¢ika—Madagaskar gibi
bolgesel is birlikleri de haritada belirgin bi¢imde 6ne ¢ikmaktadir. Bu veriler,
hem kiiresel hem de bolgesel diizeyde farkli is birligi kiimelerinin olustugunu
ve arastirma alanmin disiplinler arasi, ¢ok uluslu bir yap1 icinde gelistigini
gostermektedir.

Tiirkiye ise analiz edilen agda daha sinirli bir konumda yer almakta,
ancak Ozellikle ABD ile pozitif yonlii is birligi bagi gostermesi dikkat
cekmektedir. Bu durum, Tiirkiye nin uluslararasi bilimsel iletigime segici ve
belirli ortakliklar tizerinden katildigini, ancak gelecekte artan is birlikleriyle ag
icindeki goriiniirligiinii yiikseltme potansiyeli tasidigini ortaya koymaktadir.
Genel olarak uluslararasi is birligi haritasi, depremler ve iklim direncliligi
alanindaki bilgi iiretiminin ¢ok merkezli bir yapidan beslendigini ve kiiresel
bilimsel toplulugun ortak caba ile bu alandaki literatiirii zenginlestirdigini
gostermektedir.
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Sekil 3. Uluslararas1 Is Birligi A1 Haritas1

Bu calismada toplam 176 yazar anahtar kelimesi (author keywords)
analiz edilmis ve yalnizca 5 veya daha fazla tekrar eden kelimeler
degerlendirmeye alinmistir. Esik degerini karsilayan kelimeler arasindan en
yiiksek frekansa sahip ilk 15 anahtar kelime, Tablo X’te gosterilmektedir. Bu
kelimeler, literatiirde deprem ve iklim direngliligi konularinda en baskin
kavramsal egilimleri temsil etmektedir.

Kelime agimin kiimelenmesi VOSviewer’in kiimeleme algoritmasi (Van
Eck ve Waltman, 2010) kullanilarak gergeklestirilmis ve toplamda 14 kiime
tespit edilmistir. Ancak bu arastirmada analitik odak yalnizca en sik gegen 15
kelimeyle sinirli tutulmustur. Bu nedenle tabloda yalnizca en baskin kiimeler
yer almaktadir. Her bir kiime, harita izerinde farkl1 bir renk ile gdsterilmis olup
(Mavi, Kahverengi, Sari, Mor, Yesil, Turuncu), tabloya da kiime-renk
eslesmesiyle birlikte yansitilmisgtir.

Harita iizerindeki dairelerin biiylkligi ve etiket boyutu, terimin
literatiirdeki etkisini gostermektedir. Bu etki iki temel Olgiit iizerinden
degerlendirilmektedir:
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(1) Baglant1 sayis1 (links) — bir kelimenin diger kelimelerle kurdugu

baglant1 sayisini temsil eder,

(2) Toplam bag giicii (total link strength) — baglantilarin toplam agirlik

degerini ifade eder.

Ag yapisinda anahtar kelimeler birbirine olan yakinlik durumuna gore

konumlanmaktadir. Aralarindaki iligki daha gliglii olan kelimeler grafik

izerinde birbirine yakin, daha zayif olanlar ise daha uzak konumlanmaktadir.

Bu baglamda, haritada biiyiik dairelerle temsil edilen “afet riskinin

EE (13

azaltilmas1 (disaster risk reduction)”,

iklim degisikligi(climate change)” ve

“direnglilik (resilience)” kavramlarmin hem en yiiksek ge¢is sayisina hem de

en giiclii baglant1 degerlerine sahip olmast, ilgili kavramlarin literatiirde baskin

temalar oldugunu gostermektedir.
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Sekil 4. 2015'den 2025'e Kadar Deprem ve Iklim Temal: Calismalarin Anahtar Kelime

Es-Olusum Analizi (Sekilde goriilen anahtar kelimeler,

bibliyometrik analiz

kapsaminda taranan makalelerdeki orijinal kullanim bicimleri korunarak Ingilizce

olarak gosterilmistir.)
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Tablo 4, bu kelimelere iliskin frekans, baglanti yapisi, atif performansi

ve yillara gore dagilimina dair ayrintili gostergeler sunmakta olup, deprem ve

iklim direngliligi literatiiriiniin giincel kavramsal egilimlerini niceliksel olarak

ortaya koymaktadir.

Table 4. 2015-2025 yillar1 arasinda arastirma alaniyla ilgili anahtar kelimelerin

bibliyometrik analizi

Sira  Kiime Anahtar Gecgis Toplam Baglanti Ortalama Ortalama

(Renk) Kelime Sayis1  Bag Sayisi Aaf Yaymn Yih
Giicii

1 Kime 3 — afet risklerinin 143 326 124 25.48 2020.71
Mavi azaltilmasi

2 Kime 8 — Iklim degisikligi 101 212 102 20.38 2021.58
Kahverengi

3 Kime 8 — Direnglilik 62 153 80 24.84 2019.91
Kahverengi

4 Kiime 3 — Iklim 56 147 63 28.88 2020.75
Mavi degisikligine

uyum

5 Kime 4 — Kentsel 40 79 47 28.98 2021.6
Sar1 direnglilik

6 Kime 5 — Kirnlganlik 33 83 51 23.21 2020.36
Mor

7 Kime 2 — Kentsel 23 54 38 16.7 2021.09
Yesil planlama

8 Kime 8 — Afet 21 54 38 20.29 2021.14
Kahverengi

9 Kiime 7 — Iklim uyumu 20 43 32 26.2 2021.6
Turuncu

10 Kime 2 — Sirdiriilebilirlik 20 57 36 27.15 2020.5
Yesil

11 Kime 7 — Uyum 20 60 37 377 2019.3
Turuncu

12 Kime 4 — Deprem 20 37 28 17.4 2021.15
Sar1

13 Kime 8 — Dogal tehlikeler 18 34 20 31.22 2021.11
Kahverengi

14 Kime 3 — Doga temelli 17 48 25 43.76 2021.41
Mavi ¢Oziimler

15 Kime 5 — Cografi  bilgi 17 38 29 31 2021.12

Mor

sistemleri
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Sekil 5’te, birlikte atif (co-citation) analizine gére en az 20 atif alan
referanslarin iligkisel haritasi sunulmaktadir. Gorsellestirme, akademik
literatiirde en sik birlikte atif yapilan yazarlar ve ¢aligmalar arasinda olusan
tematik kiimelenmeleri yansitmaktadir. Analiz sonucunda, {i¢ ana kiime
belirlenmistir: Kirmizi kiime, kentsel direnglilik, kirilganlik ve sosyal boyutlara
odaklanan ¢aligsmalarla 6ne ¢ikmakta olup, Meerow et al. (2016), Cutter (2008)
ve Pelling (2003) gibi 6nemli referanslart icermektedir. Yesil kiime, iklim
degisikligi, afet riski ve politika siireglerine odaklanan ¢aligmalari
kapsamaktadir; bu kiimede Wisner (2004), Field (2014) ve Adger (2006) gibi
referanslar 6n plana c¢ikmaktadir. Mavi kiime ise daha ¢ok teknik altyapi,
mithendislik bakis acist ve sistem dayanikliligi odakli referanslarla iliskilidir;
Bruneau (2003) ve Smit (2006) bu kiimede dikkat ¢eken ¢aligsmalardir.

Bu sonuglar, literatiirde afet ve iklim temali ¢alismalarin birbirinden
farkli ancak iligkili tematik alanlarda kiimelendigini gostermektedir. Ayni
zamanda bu yazarlarin c¢alismalarinin, disiplinler arasi geg¢iskenligi olan
kavramsal cer¢eveler sundugunu ve literatiirdeki kavramsal yapilarin nasil
sekillendigini ortaya koymaktadir. Birlikte atif agindaki yogun baglantilar, bu
caligmalarin alan yazinda temel bagvuru kaynaklari olarak kabul edildigini ve

diger arastirmalara yon verdigini gostermektedir.
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Sekil 5. 2015-2025 Yillar1 Arasinda Arastirma Alaniyla ilgili Birlikte Atif (co-
citation) Analizi
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Sekil 6’da yer alan kelime bulutu ve terim frekanslari, incelenen yaymlar
icerisinde One ¢ikan anahtar kavramlari ortaya koymaktadir. Literatiirde en sik
kullanilan terimler arasinda “climate-change” (210), “disaster risk reduction”
(192), “vulnerability” (135) ve “resilience” (127) gibi kavramlar 6n plana
cikmaktadir. Bu sonuglar, arastirma alaninin biiyiik 6lciide iklim degisikligi,
afet risk azalttimi, kirilganhik ve dayaniklilhik gibi temalar etrafinda
sekillendigini gostermektedir.

Ozellikle “climate-change” ve “disaster risk reduction” terimlerinin
yiiksek frekansla kullanilmasi, iklim kaynakli afetlerin etkilerini azaltmaya
yonelik arastirmalarin literatiirde baskin bir yer tuttugunu ortaya koymaktadir.
Bununla birlikte “adaptation” (98), “management” (82), “risk” (82) ve
“framework™ (73) gibi yonetsel ve yapisal yaklagimlara dair kavramlarin da
yogun olarak kullanildig1 goriilmektedir. Ayrica, “earthquake” (61), “urban
resilience” (53) ve “community resilience” (51) gibi kavramlar, ¢aligmalarin
sadece iklim degisikligiyle smrli kalmadigini; depremler, kentlesme ve
topluluk 6lgeginde direnglilik gibi farkli afet tiirleri ve mekansal baglamlar1 da
icerdigini gdstermektedir.

Bu kapsamda, literatiiriin kavramsal olarak ¢ok boyutlu ve disiplinler
aras1 bir yapi sergiledigi, hem cevresel hem de toplumsal kirilganliklari iceren,
entegre bir yaklasimi benimsedigi sdylenebilir.

'“H“l kentlesme

iklim degisikligine uyum

s kentsel dirmolill’liﬂli\k{l s h\fd“] ehlikele
. anlolar g fot I‘lSklnln azaltilmasi

= A N de el
4' 1 ENLZ seviyesuam y LK ULLES)
ysistern hi /m tleri nhk stratejiler uyrm kapasites

y

wyum- iklim degisikligi- 5k

"model 1klim degisiklifine uyum

toplumsal direnclilik s
kmlgan 1k cerceve yonetim e

ilim yyomy etki wnf'rmm

Sekil 6. 2015-2025 Yillar1 Arasinda Arastirma Alaniyla ilgili Kelime Bulutu
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4. TARTISMA VE SONUC

Bu calisma, 2015-2025 yillar1 arasinda deprem ve iklim direncliligi
konularinda gergeklestirilen bilimsel iiretimi bibliyometrik yontemlerle analiz
ederek, literatiirdeki gelisim egilimlerini, tematik kiimelenmeleri ve arastirma
onceliklerini kapsamli bir bicimde ortaya koymustur. Elde edilen bulgular,
kentsel sistemlerin ¢oklu afet riskleri karsisinda direngli hale getirilmesi
yoniinde hem teorik hem de uygulamali bir bilgi birikimi olustugunu
gostermektedir. Ozellikle iklim degisikligi kaynakli afetlerin (6rnegin sicak
hava dalgalari, sel ve heyelanlar) artis gostermesiyle birlikte, bu afetlerin
depremlerle etkilesimini dikkate alan ¢ok tehlikeli senaryolar, aragtirmalarin
temel odag1 haline gelmistir.

Analiz edilen 649 yayinin ortalama atif sayisinin 21,9 olmasi, alanin
akademik etki diizeyinin belirli bir olgunluga ulastigin1 gdstermektedir. Yillara
gore yayin egilimlerine bakildiginda ise, 2020 sonrasi dikkat c¢ekici bir artig
yasandigi; bu artigin 2021 ve 2024 yillarinda zirveye ulastig goriilmektedir. Bu
egilim, kiiresel diizeyde dijitallesmenin hiz kazanmasi, Sendai Cercevesi gibi
uluslararast politika belgelerinin etkisi ve iklim krizinin derinlesmesi ile
agiklanabilir.

Co-citation (birlikte atif) analizi sonuglari, literatiiriin ii¢c ana tematik
kiime etrafinda sekillendigini ortaya koymaktadir: (1) Sosyal kirtlganlik ve kent
dlceginde direnglilik (6rnegin Cutter, Meerow, Pelling), (2) Iklim politikalar
ve risk yonetimi (6rnegin Adger, Wisner, Field), (3) Teknik altyap:r ve
miihendislik temelli dayaniklilik (6rnegin Bruneau, Smit). Bu kiimelenme, afet
ve iklim aragtirmalarinin yalnizca gevresel degil, ayn1 zamanda sosyal, yonetsel
ve teknik bilesenler icerdigini gostermekte ve disiplinler arasi yaklagimin
O6nemini vurgulamaktadir.

Anahtar kelime analizine gore en sik karsilagilan kavramlar arasinda
“iklim degisikligi” (210), “afet riskinin azaltilmas1” (192), “kirilganlik” (135)
ve “direnglilik” (127) terimleri yer almaktadir. Bu durum, c¢aligmalarin
oncelikli olarak iklim degisikliginin etkilerini azaltma, kirilganliklar1 analiz
etme ve dayaniklilig1 artirma hedeflerine odaklandigini gostermektedir. Ayrica,
“urban resilience”, “community resilience”, “climate change adaptation” gibi
terimlerin de yliksek frekansla kullanilmasi, literatiirde kentsel olgekteki
direnglilik pratiklerinin giderek daha fazla Onem kazandigim1 ortaya
koymaktadir.
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Yayinlarin iilkelere gore dagilimi, bilimsel iiretimin biiyiik 6l¢iide Cin,
ABD, Ingiltere ve Bat1 Avrupa iilkelerinde yogunlastigini gostermektedir. Bu
durum, arastirma fonlar1, kurumsal altyap1 ve iklim politikalarina yonelik ulusal
onceliklerin akademik ¢aligmalara yansimasi olarak degerlendirilebilir.

Sonug olarak, bu ¢alisma deprem ve iklim direngliligi alanindaki bilimsel
iiretimin, giderek daha fazla disiplinler arasi, ¢ok aktorlii ve biitiinciil bir yapiya
evrildigini ortaya koymaktadir. Afetlerin karmasik dogasi, yalnizca fiziksel
dayanikliligi degil; sosyal adaleti, yonetisimi, doga temelli ¢éziimleri ve
mekansal planlamayi da igeren kapsamli stratejilere ihtiya¢ duyuldugunu
gostermektedir. Gelecek arastirmalarin, bu bilesenleri entegre eden ve
uygulamaya doniik modellemelerle zenginlesmesi beklenmektedir. Aym
zamanda, az temsil edilen cografyalarin (6rnegin Afrika, Giiney Asya) bilgi
iiretiminde daha goriiniir hale gelmesi, literatiirdeki bosluklarin doldurulmasina
katki saglayacaktir.
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INTRODUCTION

Today, the effects of climate change are creating significant pressure in
our cities, as in all other areas. This situation is not limited only to the physical
environment but is also causing social and spatial crises. Among the biggest
problems created by climate change, issues such as sudden temperature
increases, floods, drought, and fires in cities are making cities vulnerable. As a
result, the concept of urban resilience, which is frequently used today, is
becoming a necessity (Bulkeley & Tuts, 2013: 11). It is not possible to produce
solutions to these threats and problems only with engineering applications. A
holistic understanding that also includes natural and semi-natural systems must
be developed. Increasing urban resilience is a necessity to cope with the
problems arising from disasters and climate change. Urban resilience is not a
one-dimensional concept, but a multi-dimensional one that includes adaptation,
transformation, and reconstruction (Meerow, Newell & Stults, 2016: 39).

The professional discipline of landscape architecture not only contributes
to the aesthetic transformation of cities but also has different missions such as
reducing the pressures on cities, adapting to climate change, and supporting the
strengthening of ecological functions and increasing functionality in cities
(Ahern, 2011: 341). The most important tools used by landscape architecture to
increase this resilience are green infrastructure applications, flexible space
systems, and nature-based solutions. Data-driven approaches have been
frequently preferred in decision-making processes in recent years, especially in
the field of landscape planning. The most used methods in this approach are the
use of remote sensing technologies, and many problems can be analyzed with
tools such as satellite imagery and LIDAR scans. Thanks to the use of remote
sensing technologies, urban heat islands can be identified, hydrological
structure can be analyzed, and soil permeability or green space continuity can
be monitored (Weng, 2012: 38). The data obtained not only identifies the
problem but also makes significant contributions to making future-oriented
decisions and developing future scenarios. Today, not only remote sensing
systems but also artificial intelligence and machine learning approaches have
great potential in the analysis and interpretation of spatial datasets. With such
algorithms, urban forms can be classified, disaster risks can be identified, and
sustainable plans can be made (As, Basu & Talwar, 2022: 8). Deep learning
approaches are utilized in image processing techniques. Thus, faster, more
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accurate, and different-scale results can be obtained compared to traditional
analysis methods.

In this book chapter, the possibilities of using remote sensing and
artificial intelligence in landscape planning studies on issues related to urban
resilience have been evaluated. The advantages of digitalization and digital
tools have been discussed, especially in identifying wvulnerable areas,
implementing green infrastructure, scenario-based protection studies against

disasters, and similar topics.

1. URBAN RESILIENCE AND LANDSCAPE PLANNING
1.1 Resilient Landscapes Approaches

With the increase in climate change and environmental problems, the
need for nature-based and sustainable solutions, in addition to traditional
solutions, is increasing day by day. Therefore, nature-based solutions are an
important approach, especially in terms of strengthening urban ecosystems and
ensuring their continuity, and eliminating climate-related problems. The
discipline of landscape architecture, which can simultaneously address the
ecological, functional, and aesthetic dimensions of a space, is a profession with
the potential to develop solutions and think multi-dimensionally on this subject
(Ahern, 2011: 342).

Undoubtedly, ecological infrastructure is one of the most important
components of landscape-based approaches. With ecological infrastructure, it
becomes possible to establish a connection between natural and semi-natural
areas and ensure the continuity of ecosystem services. Other functions of
ecological networks include creating microclimates, ensuring the water cycle,
and habitat continuity, and thanks to these functions, urban resilience is
achieved (Benedict & McMahon, 2006: 5). The networks that make up the
ecological infrastructure are formed as a result of interconnecting green
corridors, urban water surfaces, or urban forests within the city.

Another method used to increase resilience in cities is permeable
surfaces, and thanks to these surfaces, it is possible to prevent floods, ensure
the continuity of the water cycle, and protect soil health (Ferguson, 2005: 189).
It is considered an advantageous and environmentally friendly method,
especially in cities and regions with heavy rainfall. Another method used in

regulating the microclimate and increasing urban resilience is shading
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(Shashua-Bar et al., 2011: 246). This method reduces the negative effects of
sudden heat waves and heat island effects on city dwellers. Shading can be
provided by both natural and structural elements. The most preferred material
for this purpose is plants. Applications such as covering pergola systems with
climbing plants or equipping buildings with green facades are major landscape
solutions. These solutions also function as urban carbon sinks.

The most important features of landscape-based resilience are nature-
supported and flexible design possibilities. In cities designed with landscape-
based resilience, the effects of climate change are reduced, the quality of life
increases, and the continuity of ecological sustainability is ensured (Alberti et
al.,, 2003: 1190). This approach presents a holistic approach by using
engineering solutions and nature-based solutions together.

1.2. Pre-Disaster Planning Approaches

Pre-disaster planning approaches are one of the most important strategies
for urban resilience. Today, establishing disaster-sensitive and preventive
systems in urban planning strengthens cities. The day-by-day increase in global
climate problems has revealed the necessity of reducing potential risks, making
preparations for problems, and taking measures. Landscape architects produce
safe and livable spaces with a holistic perspective for solutions that will
minimize disaster risk and alleviate the pressures of possible disasters on cities
(Allan & Bryant, 2011: 182).

The most important strategy for reducing disaster risks is to identify
vulnerable areas and improve the physical and ecological fragile structures of
these areas (Opperman et al., 2010: 1492). Terracing in areas with erosion risk,
the use of permeable surfaces, or green infrastructure applications (Figure 1) in
cities strengthen the fragile structures of cities while also preparing cities for
disasters in the long run. Ecological infrastructure should be considered a safety
tool used against disasters in cities. Measures such as protecting ecosystems
within the city, ensuring the continuity of water structures' functions, and
afforestation approaches not only increase the quality of life but also ecological
infrastructure elements act as a buffer, protecting cities against disasters
(Ahern, 2013: 109).
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Figure 1. Green Infrastructure Solutions (Ref: https://124.im/xJh9bzk)

In this respect, urban resilience approaches are a multi-dimensional and
multi-actor concept, a solution that enables local governments, central
organizations, professional chambers, NGOs, and, of course, the public to make
decisions together (Tyler & Moench, 2012: 316). Landscape architects, as part
of this solution, also undertake the role of guidance thanks to their spatial
analyses and foresight. In pre-disaster planning, it is necessary not only to
strengthen the physical infrastructure but also to manage the process with
nature-based solutions, ensure socio-spatial justice, and create landscape plans
supported by future scenarios. Thus, with a holistic perspective, it becomes
possible to build flexible and resilient cities, especially against climate change
(Davoudi et al., 2012: 303). This approach is only possible by using nature-
based solutions, an understanding of spatial justice, and correct design
principles together. In this way, it is possible to create sustainable, flexible, and
resilient cities against all kinds of disaster risks (Davoudi et al., 2012: 303).
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2. DATA-DRIVEN DESIGN AND PLANNING
2.1 Spatial Decision Support Systems

As the structures of cities become more complex, urban design and
planning processes also transform into a multi-layered structure. One of the
most powerful tools here is Spatial Decision Support Systems. Because these
systems work on a data-based and scenario-oriented basis, performing multi-
criteria analyses. Thus, more effective solutions are created for complex
problems (Malczewski, 2006: 701). Spatial Decision Support Systems (SDSS),
which enable the transformation of user inputs into alternative scenarios
through algorithms and various models with the help of Geographical
Information Systems (GIS), are systems that allow data layers to be analyzed
and interpreted together (Jankowski & Niyerges, 2001: 838). The biggest
advantage of these systems is to analyze the current situation and produce future
scenarios. SDSS is used in modeling disaster risks, evaluating existing
infrastructure, and identifying intervention areas. In this way, landscape
architects can analyze data to implement green infrastructure solutions and
data-based interventions quickly and accurately.

The impact of this system does not only depend on the strength of its
technical infrastructure. According to Goodchild (2007: 21), SDSS are systems
open to easy access by both experts and other relevant parties thanks to their
user-friendly interface. Thus, they enable fair and inclusive planning studies
with a participatory planning approach. Especially with the development of
artificial intelligence and the advancement of technology, SDSS has begun to
serve with Al support. Thanks to machine learning algorithms, data layers can
be interpreted from a holistic perspective, risk trends can be predicted, scenarios
can be produced, and correct decisions can be made (Li et al., 2020: 216). Such
a structure allows planning processes to be operated faster, more accurately,
and effectively.

2.2 Data-Driven Decision-Making Processes

In the context of urban resilience, it is necessary to collect correct data,
perform effective analyses, and create future scenarios to make the right
decisions. For this, data-driven decision-making processes consisting of
monitoring, analysis, and modeling stages are needed (Batty, 2013: 112). In
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monitoring, the first stage of data-driven decision-making processes,
environmental and spatial changes are measured and recorded. The most
commonly used tools for field observations and measurements are satellite
imagery and sensor systems (Weng & Quattrochi, 2006: 479). In the monitoring
process, while base data is created for planning studies, climate change
observations can also be made.

In the analysis stage, which is the second stage, the data from the
monitoring process is processed and analyzed. In this stage, Geographical
Information Systems, statistical methods, and multi-criteria analysis methods
are particularly used. The most frequently performed spatial analyses include
slope analysis, building density analysis, NDVI, and risk analysis (Bastawesy
et al., 2009: 1362). In the modeling stage, where future scenarios are produced,
artificial intelligence algorithms and simulations can pre-calculate urban
growth, the impact of green infrastructure, climatic parameters, or the effects
of disaster spread by producing spatial decision models. In nature-based
solutions, modeling such potential effects and producing future predictions is
very useful for landscape architects to make more effective decisions (Cheng
& Masser, 2003: 196).

Thanks to the participatory-supporting structure of data-driven decision-
making processes, it is possible to raise public awareness, accelerate monitoring
processes, and give planning processes a flexible and adaptive structure
(Geertman et al., 2017: 229). These processes are considered an important tool,
especially in resilient city planning, against rapidly changing environmental

conditions.

3. REMOTE SENSING TECHNOLOGIES
3.1 Satellite Imagery and Other Technological Innovations

Remote sensing technologies, used in many fields today, are frequently
used in landscape architecture during the analysis and interpretation phase of
spatial data in urban planning studies. Remote sensing tools, offering different
resolutions, spectral bandwidths, and temporal alternatives, facilitate detailed
environmental analyses. The most commonly used remote sensing tools are
satellite imagery, LIDAR technologies, and hyperspectral datasets. These tools
provide extremely important advantages in producing fast and effective
solutions in spatial decision-making processes (Campbell & Wynne, 2011: 45).
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The most common remote sensing tool, which covers large areas and
allows data to be obtained regularly and systematically, is undoubtedly satellite
imagery. For this, there are several satellite platforms such as Landsat and
Sentinel. With images obtained from these platforms having different spectral
bands, various environmental data such as land cover changes, urban heat island
effects, and the sustainability of the hydrological structure can be interpreted in
a short time (Roy et al., 2014: 167). Although the initial costs are high, the long-
term usefulness of satellite imagery leads to its frequent use, especially in
landscape planning studies.

Another remote sensing technology is unmanned aerial vehicles (UAVs
or drone systems). Since UAVs have the ability to obtain high-resolution
images from low altitudes, they are extremely suitable tools, especially for
detailed spatial analyses. Drones are used in many areas. These include studies
such as determining building density, revealing the topographic structure, or
post-disaster situation assessments (Nex & Remondino, 2014: 4).

LIDAR (Light Detection and Ranging) technology, which reveals the
three-dimensional morphological structures of surfaces, is one of the most
widely used remote sensing methods. In these systems, laser pulses are sent to
the surface, and measurement results are calculated according to the reflected
signals. It offers detailed analysis possibilities, especially in studies such as
building heights, flora structure and density, and topographic changes (Lefsky
et al., 2002: 208). It is also a tool that can be used to pre-determine flood or
erosion risk or slope-related hazards.

Another technique is hyperspectral imaging. In this technique, surface
materials are analyzed differently compared to other methods. With this
method, data can be collected from the visible-invisible light spectrum, and it
is a very successful method for environmental analyses (Govender et al., 2007:
41). Hyperspectral imaging is the most preferred method in ecological
restoration and biodiversity conservation studies.

By using one or more of these technologies together, both environmental
risks can be reduced, and accurate and sustainable planning studies can be
carried out. They are very successful methods for concluding spatio-temporal
analyses and multi-layered planning approaches.



KENTSEL DIRENCLILIK: AFETLER, iKLIM VE MEKANSAL STRATEJILER | 130

3.2 The Use of Remote Sensing in Terms of Urban Resilience

Remote sensing technologies are widely used in urban planning studies,
as in many other fields. In addition to enabling large-scale monitoring, there is
also the possibility of creating base data for plan preparations at the local scale.
These systems, which allow for many analyses such as urban heat island (UHI)
analysis and flood risk analysis, are also frequently used in landscape
architecture studies.

Due to intense structuring and lack of green space, one of the most
common problems in today's cities is the urban heat island (UHI) effect. The
abundance of impermeable and reflective surfaces and the lack of green
infrastructure in cities cause the temperatures in city centers to be higher than
their surroundings. Remote sensing technologies, especially satellite systems
like Landsat with thermal bands, provide significant advantages in measuring
and interpreting these values and in producing solutions to reduce the urban
heat island effect (Weng, 2009: 186). With the data obtained, it can be
determined which areas of the city are sensitive to heat, and landscape
interventions can be carried out in such areas using afforestation, shading, or
permeable surface covering methods (Zhou et al., 2018: 308).

Remote sensing technologies are also used in analyzing flood risk,
similar to determining urban heat island effects. Floodplains can be easily
identified from digital elevation models (DEM), high-resolution satellite
images, LIDAR data, and analyses of this data. (Schumann et al., 2009: 2743).
Thus, it becomes possible to carry out green infrastructure works and take
necessary measures in the risky areas identified as a result of the analysis.

Vegetation analysis is one of the most common analyses performed in
remote sensing. Factors such as species distribution, vegetation structure and
density, and seasonal vegetation changes can be measured thanks to indicators
obtained through different spectral bands of satellite images. The most
commonly used indicator in vegetation analysis is NDVI (Normalized
Difference Vegetation Index), and it is one of the most fundamental tools
regarding vegetation sustainability (Tucker, 1979: 535). Additionally, NDVI
data is used in many areas, such as determining green space needs and setting
ecological restoration goals. Hyperspectral images are also used in studies for
determining and protecting biodiversity (Govender et al., 2007: 147).
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Looking at these three basic usage areas of remote sensing, it is seen that
they are not only tools for analyzing the current situation but also tools for
making future-oriented decisions by developing scenarios. For landscape
architects, they are not only sources for obtaining data but also a planning tool
used for support in the decision-making process. It is a set of sustainable
methods that allow temporal and spatial changes to be monitored, data to be
obtained, and, based on all these, make significant contributions to ensuring
cities are more resilient, flexible, and livable (Herold et al., 2003: 374).

4. ARTIFICIAL INTELLIGENCE METHODS
4.1 Machine Learning, Deep Learning, Artificial Neural
Networks

Artificial intelligence (Al), used in almost all areas of life in recent years,
has become a powerful planning tool capable of spatial planning,
environmental analysis, and evaluation. In this field, machine learning, in
particular, is a system that allows data sources to be obtained quickly and easily,
enables analysis without human intervention, creates future projections, and
forms prediction and classification clusters with all the results it obtains (Jordan
& Mitchell, 2015: 255). This tool is also frequently preferred in the field of
landscape planning and finds use in a very broad perspective, from risk
mapping to land use projections.

A subset of artificial intelligence in machine learning is deep learning
(Figure 2). In deep learning, multi-dimensional and complex datasets can be
processed easily and quickly. This approach is based on multi-layer artificial
neural networks. In this way, the layers in the data are modeled, and image
processing and object recognition operations are performed (LeCun, Bengio &
Hinton, 2015: 436). Landscape architects can easily make their environmental
and spatial interpretations thanks to deep learning.
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Figure 2. Machine Learning-Deep Learning (Ref: https://124.im/KSM6NXu)

One of the most common and effective methods of deep learning is object
recognition Figure 3). The location and type of objects are easily determined
this way. Especially urbanization analyses, building classifications, green space
identifications, or post-disaster damage assessments can be easily done with the
help of object recognition (Zhao et al., 2019: 45). One of the most preferred
models in object recognition is YOLO (You Only Look Once). High-accuracy
and fast operations can be performed with the latest version, YOLOVS.
Convolutional Neural Networks (CNN), one of the object-based basic system
components of deep learning, performs feature extraction with multi-layer
image analyses. CNNs are a preferred system in landscape planning, especially
in the field of landscape restoration and rehabilitation (Zhu et al., 2017: 7).
These models enable detailed spatial analyses of high-resolution satellite
images and high-volume data, the automation of these analyses, and thus allow
planning processes to continue accurately and quickly.
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Figure 3. Object Recognition (Ref: https://124.im/WDSKhZ)

Today, user-friendly platforms like Ultralytics HUB, Google Colab, and
ArcGIS Al extensions are very important tools, especially for urban planners
and landscape architects. Thanks to these tools, data-driven spatial processes
are operated, and fast and effective solutions to environmental threats can be
produced (Reichstein et al., 2019: 501).

4.2 Image Processing and Spatial Classification Applications

Image processing techniques are applied in the analysis of digital data in
remote sensing. With image processing, data is processed, made meaningful for
landscape planning, and evaluated. With this method, spatial decision-making
processes such as disaster management or natural resource analysis are carried
out effectively. Satellite images and other remote sensing tools are used in every
field, from spatial modeling to decision-making processes (Richards, 2013: 57).

The most commonly used technique in image processing is spatial
classification. In this classification system, themes such as land change/land
cover, land use types, and vegetation density can be easily processed and
analyzed. Since the accuracy rate is much higher than traditional classification
methods, the chance of producing successful decisions also increases (Ma et
al., 2019: 384).
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There are three basic stages in image processing. These are pre-
processing, feature extraction, and classification. In pre-processing, various
error corrections, such as geometric corrections, are made to the image. In the
feature extraction stage, analyses such as color, texture, and spectral band
analyses of the image are performed. Classification is done in two ways. If
pixel-based classification is to be performed, each pixel of the image is
evaluated separately. If object-based classification is to be performed,
inferences are made considering spatial context and shape features (Blaschke,
2010: 10). Landscape architects generally prefer object-based methods because
they better analyze the morphology and functionality of the space.

In classifications made with artificial intelligence, algorithms learn
patterns from training sets and adapt them for the classification process. For
example, YOLOvVS performs fast and accurate spatial analyses because it
knows predefined building types. In this way, post-disaster damage
assessments, spatial changes, or site-specific problems are easily identified
(Redmon & Farhadi, 2018: 733). It is possible to perform both spatial and
temporal analysis with image processing systems. Thus, the production of
future scenarios is also extremely easy and fast. Especially in landscape
planning, it becomes easier for decision-makers to develop accurate strategies
based on scientific foundations (Zhu et al., 2017: 20).

4.3 Datasets, Labeling and Algorithms

Success in image processing and spatial analysis with artificial
intelligence largely depends on datasets, labeling, and algorithms. In multi-
layered processes such as landscape planning, disaster analysis, or
environmental assessment, diverse, meaningful, correctly labeled, and high-
volume datasets must be provided (Krizhevsky et al., 2012: 1107). Datasets
refer to information in visual, numerical, or text format. Satellite images, aerial
photographs, etc. constitute visual formats, and temperature, NDVI, or DEM
data, etc., constitute numerical formats. In urban or landscape analyses, these
datasets consist of environmental indicators, GIS data, or spectral images (Zhu
et al., 2017: 10). Here, besides the large amount of data, the accuracy and
reliability level of the created model is also very important.

The pre-processing step that determines the classes of samples in datasets
is called annotation. Annotation is a necessity for supervised learning.
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Classifying and naming trees, roads, or structures in a satellite image is
necessary for the model to learn these patterns. Labeling can be done manually
or with semi-automatic systems. Manual classification takes much longer than
semi-automatic classification, which is seen as a major problem in data science
(Russakovsky et al., 2015: 212). Model training with labeled data enables
artificial intelligence to recognize these patterns and perform analyses based on
them. Object recognition and classification processes performed on images
enable models like Convolutional Neural Networks (CNN), YOLO, and Faster
R-CNN to perform their tasks more successfully (Ren et al., 2015: 91). The
parameters used as input in training the model are optimized.

In model training, not only the size of the dataset is important. Besides
this, the diversity of the dataset, the balance between classes, and the accuracy
of the labels are also very important criteria for model training. Overfitting and
underfitting are the most common problems encountered in model training.
Therefore, correct training and the balanced separation of sample data for
validation are very important for the model's success rate (Goodfellow et al.,
2016: 178). Recently, open-source large datasets like COCO, ImageNet, and
Cityscapes have been widely preferred for model training. In addition, datasets

specific to landscape planning are also increasing day by day.

5. DATA-DRIVEN STRATEGIES IN DESIGN AND
PLANNING

5.1 Scenario Generation with Artificial Intelligence in
Landscape Architecture

The success of landscape planning does not only depend on the
evaluation and analysis of current conditions. It also depends on the joint
evaluation, synthesis, and correct interpretation of multi-dimensional data such
as environmental, social, and climatic factors. For this purpose, the scenario
generation method, especially with the development of technology in recent
years, has become one of the most frequently used methods. The results
obtained from the synthesis of large and multi-dimensional data related to
complex systems turn into future scenarios with realistic prediction methods,

which increases the chance of success in landscape planning.



KENTSEL DIRENCLILIK: AFETLER, iKLIM VE MEKANSAL STRATEJILER | 136

The rapid spread and development of artificial intelligence technologies
have also led to significant steps in the field of landscape planning. In addition
to data analysis, artificial intelligence systems support the decision-making
processes of landscape architects as a multi-dimensional decision support
system with the scenarios they produce from the analysis results (Geertman et
al., 2017: 8). In Al-supported future projections, the possible spatial structure
of the urban fabric after 10, 20, or 50 years can be revealed through modeling
of urbanization and land use trends, and infrastructure capacity (Li & Gong,
2016: 94). With the help of these scenarios, decisions such as future-oriented
green space planning and green infrastructure applications can be made quickly
and effectively.

Another area where Al-driven scenario generation is applied is climate
scenarios. Projections like SSP (Shared Socioeconomic Pathways) and RCP
(Representative Concentration Pathways), developed by the IPCC, the most
important organization on this subject, provide Al-supported services in the
analysis and mapping of microclimatic effects at the local scale. With these
scenarios, spatial scenarios can be produced through variables such as
temperature values, precipitation amounts, and flood or drought risks
(Biesbroek et al., 2013: 1121).

One of the biggest advantages of scenario generation is the simulations
that allow disaster risks to be predicted in advance. In this way, forecasts can
be made through models, such as identifying risky areas, evacuation zones, or
how temporary settlement arecas will be planned (Alessa et al., 2008: 57).
Landscape architects, as a result of the decisions they make using these
scenarios, will go beyond being just designers and will gain the identity of
strategy specialists (Batty, 2018a: 16).

5.2 Participatory Planning Process

In today's conditions, there is an understanding in both design and
planning where not only experts' opinions matter, but all space users, everyone
who affects and is affected by the space, have a say. Especially in solving
environmental threats and complex social dynamics, the participatory planning
approach ensures the formation of a multifaceted perspective. Thus, a holistic
planning understanding is formed by considering all needs and expectations
(Innes & Booher, 2004: 419). In addition, the transparency of decision-making
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mechanisms also increases the implementation power of plans. Making
participatory processes more understandable is possible through data
visualization. Technological innovations such as three-dimensional modeling,
GIS and remote sensing technologies, and augmented reality help the public
understand these analyses more comfortably and easily (Al-Kodmany, 2002:
204).

"Digital twin" applications, one of the most important tools that have
emerged in recent years, create a virtual reflection of cities supported by real-
time data. Here, many layers, from air quality to traffic density, work together
and simultaneously (Batty, 2018b: 18). The fact that simulation capabilities are
so advanced also makes it possible for these systems to have realistic
approaches in forecasts and intervention actions. Furthermore, these
visualizations support public awareness and their active participation in the
process. Thanks to digital twin systems, decision-makers, local governments,
civil society organizations, and other institutions can share data simultaneously
(Kitchin et al., 2017: 17). In this way, the planning mechanism begins to operate
in a multi-layered and open structure. In such an approach, the local people in
disaster-affected areas can better analyze their living space, act with awareness

of the risks, and contribute to the development of solution proposals.

6. CASE STUDIES

Today, data-driven planning applications are being carried out in many
countries around the world, and successful results are being achieved.
Especially in the new models created by integrating Al-based analyses into
remote sensing, spatial interventions are carried out effectively. Here, examples
are given from two successful cities, Amsterdam and Singapore, where new
models combining nature-based solutions with technology are being
experienced.

Amsterdam, a pioneer among European cities, is one of the leading smart
cities where monitoring and interventions are based on satellite data (Figure 4).
In the city, data in all areas is monitored by satellite. Data related to green
spaces is monitored with images obtained from ESA Sentinel-2 satellites. In the
analysis of this data, NDVI (Normalized Difference Vegetation Index) and LST
(Land Surface Temperature) are used to instantly identify problems in the green

infrastructure. In addition, when there is an increase in the urban heat island
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effect, basic data for ecological measures to be taken here are produced in the
same way (Pappaccogli et al., 2020: 402). The city's green infrastructure
elements, such as green roofs, permeable surfaces, or water elements, have been
arranged in a climate-adaptive way, thereby reducing the heat island effect and
ensuring stormwater management (Gemeente Amsterdam, 2018: 12). In
addition to all this, thanks to this model, Amsterdam has increased its
biodiversity and received the European Green Capital award.
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Figure 4. Intelligent Dashboard Amsterdam (Ref: https://124.im/V1Ja)

Another important city is Singapore. Al-supported urban planning
systems are used in Singapore (Figure 5). Especially the "Skyrise Greenery"
program run by NParks (National Parks Board) and the artificial intelligence
systems developed by the Urban Redevelopment Authority (URA) use digital
twin technologies and artificial intelligence systems in a holistic way for
planning urban green infrastructure. Data is analyzed via satellite data and
LIDAR systems, and decisions can be made on how green infrastructure
elements will be implemented. These decisions can be applied to a small area
of the city or used in decision-making processes covering the entire city (Addas
& Maghrabi., 2021: 27). In addition, with the model called the "Digital Urban
Climate Twin," interventions and action plans that can be taken in Singapore

against the effects of climate change can be organized (Yuen & Kong, 2020:


https://l24.im/VIJa

139 | KENTSEL DIRENGLILIK: AFETLER, iKLIM VE MEKANSAL STRATEJILER

215). One of the most important aspects of this model is that it is an integrated
system that ensures public participation in all processes.

Figure 5. Singapore Smart City (Ref: https://short-url.org/1d2Mw)

As can be understood from the two examples given, data-driven planning
is more than a technological preference; it is an indispensable approach based
on a participatory approach in the formation of resilient and sustainable cities.
These two successful cities, in terms of data-driven decision-making processes
in landscape architecture, are proof of how important planning approaches
supported by digital technologies and their multi-dimensional effects are.
Increasing the number of such cities and promoting these technologies in
landscape planning is extremely important for the cities of the future.

Another important city is Singapore. Al-powered urban planning
systems are being used in Singapore. In particular, the "Skyrise Greenery"
program run by NParks (National Parks Board) and the artificial intelligence
systems developed by the Urban Redevelopment Authority (URA) utilize
digital twin technologies and Al systems in a holistic way for urban green
infrastructure planning (Figure 5). Data is analyzed through satellite data and
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LIDAR systems, and decisions can be made on how to implement green
infrastructure elements. These decisions can be applied to a small area of the
city or used in decision-making processes that encompass the entire city (Addas
& Maghrabi, 2021: 27). Furthermore, the "Digital Urban Climate Twin" model
can organize interventions and action plans in Singapore against the impacts of
climate change (Yuen & Kong, 2020: 215). One of the most important aspects
of this model is that it is an integrated system that ensures public participation
in all processes.

As can be seen from the two examples provided, data-driven planning is
not just a technological choice; it is an indispensable approach based on
participatory thinking in the creation of resilient and sustainable cities. These
two cities, which are highly successful in terms of data-based decision-making
processes in landscape architecture, are proof of the importance of planning
approaches supported by digital technologies and their multifaceted impact.
Increasing the number of such cities and the widespread adoption of these
technologies in landscape planning is crucial for the cities of the future.

7. CONCLUSION AND EVALUATION

The biggest problems facing today's cities are rapid and unplanned
urbanization resulting from population growth, environmental problems, and
especially the negativities caused by the global climate crisis. Therefore,
making strategic and correct decisions in spatial planning is extremely
important. The use of data-driven approaches in landscape planning is
extremely important in terms of ensuring plans are predictive, have a holistic
perspective, and possess the potential to produce solutions to multi-layered
environmental problems. However, such an approach also has certain
limitations. While this system has strengths such as accuracy in spatial
decision-making processes, a scenario-oriented planning approach, and
transparent data management, it also faces some difficulties, such as limitations
in accessing advanced technologies or a lack of experts (Zhou et al., 2012: 308).

Generally speaking, the professional discipline of landscape architecture
has mostly been seen as a profession that produces aesthetic spaces. However,
with this change and renewal in digital technologies, the way landscape
architecture approaches the subject has also changed, and landscape architects
have gained a new role and identity. Landscape architects have now acquired
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identities as data analysts or strategic planners with the support of digital
technologies, in addition to their designer identities. Underlying this innovation
is the increased use of remote sensing, artificial intelligence, and digital
technologies in spatial decision support systems. With remote sensing, multi-
dimensional and complex analyses related to environmental factors and risks
can be easily performed, and decisions can be made quickly and accurately.
With artificial intelligence systems, meaningful algorithms can be produced
from big data to create desired future scenarios, whether for a region or a city.
These methods enable cities' resilience to be increased and better managed (Zhu
etal., 2017: 9; Casali et al., 2022: 4).

In all these planning processes, all direct or indirect actors undertake
different tasks. Among these, local governments should establish digital
planning units by disseminating spatial decision support systems with an open
data policy. From an academic perspective, it is an indisputable fact how much
interdisciplinary studies will change or advance these systems. Adding courses
related to this subject to landscape architecture undergraduate curricula is very
important for landscape architect candidates to become well-equipped
professionals. In the private sector, the use of Al-supported systems and
planning is also very important for taking a common step and ensuring
professional development.

The point to be considered is that landscape architects must
systematically develop their digital competencies. Professional and technical
training must be provided, especially on subjects like spatial analysis, dataset
definition, visualization, or artificial intelligence-based decision support
systems. Furthermore, it is extremely necessary and important for professional
organizations to take practical steps that support digital transformation.
Landscape architects need to move beyond the identity of a professional
discipline that only makes spatial designs and decisions, and also become
guides in matters of urban and environmental justice.

In conclusion, ensuring that the cities of the future are resilient, climate-
adaptive, and have sustainable potential is possible with a data-driven
landscape planning approach. Therefore, along with technological
advancements, the training of landscape architects who can guide and correctly
use this technology is also a very important issue.
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1. INTRODUCTION

Over the last three decades, global forest dynamics have been dominated
by concentrated losses in accessible lowlands and commodity frontiers,
punctuated by localized gains from regeneration and afforestation. The Global
Forest Change (GFC) record established that 21st-century forest loss is highly
clustered near existing edges, infrastructure, and agricultural expansion zones,
and that the spatial signature of clearing varies systematically across regions
(Hansen et al., 2013). National forest assessments similarly report
heterogeneous trends, with subnational hot-spots often obscured by country-
level aggregates (FAO, 2020). Against this backdrop, mid-latitude provinces
that combine dense urban—industrial cores with mountainous forest belts—such
as Bursa, Tirkiye—provide an informative setting to examine long-horizon
forest trajectories and to identify where remaining stands are most exposed to
near-term loss.

Satellite archives now span multiple decades at 30-m resolution,
enabling temporally consistent mapping of land change when paired with
robust pre-processing and quality control. Petabyte-scale cloud platforms such
as Google Earth Engine have made it practical to apply standardized
compositing, masking, and change-detection methods over large regions while
retaining reproducibility (Gorelick et al., 2017). Landsat time-series
techniques—median compositing across multi-year windows, bitwise
cloud/shadow removal, sensor harmonization—are well established for multi-
decadal analysis (Roy et al., 2014; Wulder et al., 2012; Zhu & Woodcock,
2014). Together, these advances support province-scale assessments that can
be updated or transferred to other regions without bespoke hardware or local
data storage.

Compared with tropical commodity frontiers, temperate/mid-latitude
systems that juxtapose industrial cities, irrigated plains, and mountain forests
remain under-represented in the methodological literature. In these settings,
drivers can be mixed: peri-urban expansion along transport corridors,
smallholder or mechanized agriculture on valley floors, recreational/residential
development on piedmonts, and management interventions in montane forests.
Hydrologic features (reservoirs, seasonal water bodies) and steep orography
further complicate spectral classification. This combination of pressures and
physiography requires a workflow that (i) keeps the spectral decision rule
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simple and homogeneous over time, (ii) quantifies change with transparent
accounting, and (iii) attributes mapped risk to infrastructure and terrain using
explainable machine-learning (XAI) tools that go beyond black-box prediction.

This chapter develops a cloud-native, reproducible workflow to map
forest extent at three epochs (1990, 2005, 2020), quantify change, delineate
near-term risk hot-spots, and interpret drivers with XAI. The approach is
implemented entirely in Google Earth Engine for image handling and in
Python/Colab for explainable modelling, using only open datasets (Landsat
surface reflectance, SRTM elevation, roads, and global surface water). The
analysis targets Bursa Province as a representative mid-latitude agro-urban
frontier.

Research Questions;

(1) RQ1 — How much forest area was lost over 1990-2020?

Multi-epoch, sensor-harmonized Landsat composites are thresholded by
a short-wave vegetation index to produce temporally consistent forest masks.
Pixel-wise cross-tabulation and FAO-style annualized rates provide area and
percentage change with uncertainty.

(i1) RQ2 — Where are the spatial hot-spots and risk gradients?

A kernel-based risk surface emphasizes recent losses and local
neighbourhood context to identify contiguous high-risk belts rather than
isolated pixels, supporting prioritization along piedmont and corridor
environments.

(iii)) RQ3 — Which environmental drivers explain risk (XAI)?

Gradient-boosted trees predict the continuous risk score from distance-
to-roads, distance-to-permanent water, elevation, and initial forest status;
SHAP values supply global importance and local attributions to link mapped
risk to interpretable drivers.

By unifying conservative, homogeneous forest delineation with explicit
change accounting and transparent attribution, the chapter aims to offer a
portable template for subnational forest monitoring in complex mid-latitude
landscapes where access and terrain jointly shape exposure.

2. STUDY AREA

Bursa lies on the southern rim of the Sea of Marmara, at the foot of the
Uludag massif (up to 2,543 m), where steep orographic gradients produce sharp
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environmental contrasts over short distances. Low-elevation urban and
agricultural belts experience a warm-dry summer, mild-wet winter regime
characteristic of Mediterranean (Csa) climates, whereas high-elevation Uludag
stations register substantially colder, wetter conditions due to lapse-rate effects
and snow persistence (Karlioglu Kilig et al., 2025; Peel et al., 2007). The
juxtaposition of dense coastal plains, piedmont fans, and montane forests yields
a mosaic of built, cropland, and conifer—broadleaf assemblages; wetlands and
montane peat patches are documented on the Uludag plateau and saddles,
underscoring the area’s hydrologic sensitivity (Karlioglu Kilig et al., 2025;
SONMEZ et al, 2022). Bursa’s economy—automotive, textiles, food
processing—has driven multi-decadal urban expansion along transport axes
and valley floors, intensifying land-use conversion pressures on peri-urban
agriculture and forest margins. These pressures motivate a consistent, long-
horizon assessment of forest change and associated risk hot-spots that can be
executed with cloud-native Earth observation.

The analysis follows Tiirkiye’s nested administrative units to support
reporting and policy relevance: province (Bursa) — districts (ilge) —
neighborhoods/villages (mahalle/kdy). Official boundary geometries are
sourced from the openly licensed geoBoundaries database, which provides
standardized, topologically consistent administrative layers suitable for
reproducible geospatial summaries (Runfola et al., 2020). Figure 1 locates
Bursa within Tirkiye, outlines the region of interest (ROI), and displays district
and elevation map for area totals and cross-tabulations.

Map Keys
Elevation
q 2545

- 0 /

A

Figure 1: Location map of the study area.
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3. DATA AND METHODS
3.1. Datasets

The analysis relies exclusively on openly-licensed, cloud-hosted
products accessible through Google Earth Engine (GEE). Table 1 summarises
spatial resolution, temporal coverage and the specific role of each layer.
Landsat surface-reflectance (SR) imagery provides the only radiometrically
consistent archive long enough to bracket the three target epochs (1990, 2005,
2020); ancillary layers supply physiographic or anthropogenic predictors for
the explainable-ML block.

Table 1 Primary datasets used in the study.

Spatial Tempora Purpose in
Acronym Collection (GEE) patia 1 span P
resolution workflow
used
1989— Epoch
LANDSAT/LTO05/C02/T1_L2 and 1991, composites for
TM/ETM+ LANDSAT/LE07/C02/T1_L2 30m SR 2004— 1990 and 2005
2006 forest masks
Epoch
2019— composite for
OLI LANDSAT/LC08/C02/T1_L2 30 m SR 2021 2020 forest
mask
Elevation
SRTM-DEM USGS/SRTMGL1_003 30 m 2000 ~ Predictorin
risk/XAl
model
GRIP-4 projects/grip4/south_east asia Euclidean
— = - 2020 road-distance
roads (vector) .
predictor
Permanent-
GSW (perm. JRC/GSW1_4/GlobalSurfaceWater 30m 1984— water mask &
water) (band occurrence) 2020 distance
predictor
Supplementar
GLC- projects/sat-io/open-datasets/GLC- 30m 1985- y validation of
FCS30+ FCS30D 2022 Landsat forest
masks
. geoBoundaries v 4.0 P.rov.lnce,
Admin . district,
. (WM/geoLab/geoBoundaries/600/A 600 m 2025 . .
boundaries village units

DM1-4) .
for summaries
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The Landsat SR products are atmospherically corrected and include a
per-pixel quality band that allows removal of cloud, cirrus and shadow
contamination (Hagolle et al., 2015; Vermote et al., 2016). Ancillary
predictors—Euclidean distance to roads (Meijer et al., 2018), distance to
permanent water bodies (Pekel et al., 2016) and elevation (SRTM)—have been
shown to influence frontier deforestation at regional scales (Bonannella et al.,
2024). Finally, the Global Land-Cover Fine Classification System 30 m data
cube (Kim et al., 2014; Zhang et al., 2024) is employed strictly for
supplementary accuracy checking of the Landsat-derived forest masks (Section
4.4) in order to keep the core change-detection pipeline spectrally

homogeneous.

3.2. Pre-processing in Google Earth Engine

All image handling was carried out with the Google Earth Engine (GEE)
JavaScript API, guaranteeing a cloud-native, fully reproducible workflow. For
each target epoch (1990, 2005 and 2020) every Landsat scene intersecting the
study area within a three-year window (for example, 1989-1991 for the 1990
epoch) was median-composited. Using a multi-year bracket suppresses residual
cloud shadow, phenological noise and view-angle effects while preserving
adequate pixel density, a strategy validated for change-detection applications
by Zhu and Woodcock (2014).

Before compositing, pixels flagged as cloud, cirrus or terrain shadow in
the QA_PIXEL band were removed. Bitwise parsing followed the operational
Landsat surface-reflectance recommendation set out by Foga et al. (2017): bit
1 (dilated cloud), bit 2 (cirrus for OLI), bit 3 (cloud) and bit 4 (shadow) were
required to be zero. Subsequently, all digital numbers were converted to surface
reflectance with the standard multiplicative factor (0.0000275) and additive
offset (-0.2). To maintain spectral homogeneity across sensors, Landsat 5/7 and
Landsat 8 bands were harmonised into a single B2-B7 set. Composites were
then co-registered and re-projected to WGS 84 (EPSG: 4326) at 30 m, adopting
the highest-resolution raster as the snap grid to avoid sub-pixel misalignment
(Eminoglu & Cubukgu, 2025; Roy et al., 2014).

Forest extent for every epoch was delineated by computing a short-wave

vegetation index,
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_ BSNIR - B7SWIR2
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BS5yir + B7swirz )

Pixels with VI > 0.70 were labelled forest. This conservative threshold
has been shown to minimise commission errors in humid-sub-humid biomes
(Q. Chen et al., 2025; Han et al., 2025). The resulting binary masks were
exported for independent accuracy assessment (section 3.6).

Environmental predictors were also generated inside GEE. Euclidean
distance to roads (Global Roads Inventory Project, GRIP-4) and to permanent
surface water (occurrence > 80 % in the Global Surface Water dataset) were
calculated with fastDistanceTransform() and resampled to 30 m. Finally,
SRTM digital elevation was mosaicked and clipped to the study area. All
intermediate layers were stored as Earth Engine assets, so later change-
detection and SHAP workflows (section 3.7) could be executed without re-

running the computationally intensive compositing steps.

3.3. Forest Masking

The epoch composites generated in section 3.2 were transformed to a
binary forest mask by applying a fixed short-wave vegetation-index threshold
of VI > 0.70." Pixels meeting or exceeding the threshold were assigned the
forest class; all others were labelled non-forest. Because the same spectral rule
is applied to every epoch, the change map derived later (section 3.5) remains
free from sensor-specific decision biases.

To quantify thematic reliability, a stratified accuracy assessment was
performed for each epoch. Within the forest and non-forest strata 200 validation
points were randomly drawn, yielding 1 200 reference samples in total (400 per
epoch). True class labels were interpreted visually from false-colour
composites (B5-B6-B2) displayed at 1:5 000 in Google Earth™ high-
resolution imagery, following the recommendations of Olofsson, Foody,
Stehman and Woodcock (2014). Confusion matrices were assembled in GEE
with the errorMatrix reducer, and overall accuracy, producer’s and user’s
accuracies, as well as Cohen’s k, were calculated. All three masks exceeded the
85 % overall-accuracy guideline for land-cover inventories (Congalton &
Green, 2019), and « values ranged from 0.77 to 0.82, indicating substantial
agreement (Landis & Koch, 1977).
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As an external consistency check, the masks were overlaid on the Global
Land-Cover Fine Classification System 30 m product (Zhang et al., 2024) for
years where that dataset is available (2000 onward). Agreement exceeded 88 %
for forest pixels within the study area, providing additional support for the
chosen VI rule without introducing a different spectral decision tree into the
core pipeline.

3.4. Change-Detection Metrics

Change trajectories were quantified in two complementary ways. First, a
pixel-by-pixel cross-tabulation was constructed that links the binary forest
masks for 1990, 2005 and 2020. The procedure follows the “flow table” logic
popularised by Hansen et al. (2013): each 30 m raster is converted to a
categorical image (1 = forest, 0 = non-forest) and then stacked so that every
pixel is represented as a three-digit code (e.g., 1-1-0 indicates persistence until
2005 and loss thereafter). Summing the frequency of each code over the study
area yields a transition matrix from which gross loss, gross gain and net change
can be derived for both sub-periods (1990-2005, 2005-2020) and for the full
30-year interval. Because the same classification rule underlies all three masks
(section 3.3), change counts are unaffected by sensor-specific decision
thresholds.

Secondly, an annualised rate of forest loss was computed using the Food
and Agriculture Organization (FAO) compound-interest formulation (FAO,

2020; Puyravaud, 2003):
1

where Al and A2 are the total forest areas at the beginning and end of
the interval t2-t1 (in years). The metric expresses the proportional change that
would occur each year if deforestation progressed at a constant percentage rate,
facilitating direct comparison with national Forest Reference Levels reported
under REDD+ (FAO, 2020). Calculations were performed separately for 1990—
2005, 2005-2020 and 1990-2020. Negative values indicate net forest gain;
positive values denote net loss. All area statistics were derived inside GEE with
the pixelArea() reducer and summed over the study boundary to avoid

projection-related distortions.
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3.5. Deforestation-Risk Kernel

To identify future hotspots of forest loss, the three epoch-specific masks
(1990, 2005, 2020) were converted into an ordinal transition raster with the
following codes: 1 = pixels that converted from forest to non-forest between
1990 and 2005, 2 = pixels that converted between 2005 and 2020, 3 = pixels
that remained forest through 2020. Pixels classified as 1 or 2 signal recent
disturbance; pixels in class 3 represent the extant forest baseline.

A graded “risk surface” R was produced by convolving the transition
raster with a 9 x 9 moving window (270 m x 270 m). Each neighbour j within
the window contributes to the focal pixel i according to;

Re= ) W) (3)
JEN(D)

where T is the transition code (1, 2, 3) and w is a distance—decay weight
proportional to the long-term annual deforestation rate q derived in Eq. 2
(section 3.4). The kernel therefore down-weights old or distant losses while
amplifying very recent clearances in the local neighbourhood, an approach
shown to outperform simple edge metrics when predicting short-term
incursions. Class-1 pixels (older loss) thus contribute less than class-2 pixels
(recent loss), and both diminish with distance. The kernel was implemented
with Earth Engine’s convolve() using a custom 9 x 9 matrix whose cells store
the pre-computed w coefficients (Rocio Condor, 2024; Yang et al., 2023).

Raw kernel values were clipped to the 0-1 %—99-9 % percentile range to
suppress extreme outliers, linearly rescaled to 0-30, and classified into equal-
interval bands of width 3 for map portrayal (Low: 0—<10, Moderate: 10—<20,
High: 20—<25, Very High: 25-30). This continuous-to-ordinal conversion
preserves relative risk while producing an interpretable four-level output for

spatial planning.

3.6. Accuracy Assessment

This study adopted a stratified, area-adjusted validation following best
practice for land-change products (Hansen et al., 2013; Olofsson et al., 2014;
Wang et al., 2023; Zhao et al., 2023). A binary forest / non-forest map for each
epoch (1990, 2005, 2020) was evaluated using an independent, stratified
random sample. Let n;; denote the number of validation samples whose map
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class is j and whose reference class is i;n;,. = }.;n;; is the sample size drawn
from reference class i. Let A; be the mapped area of stratum i and Ay = Y; A;
the total mapped area. The area weight of stratum i is W; = A; /Ar.

The area-adjusted estimated proportion of area in cell (i, ) is:

Wl W=t )
v My T Ay
The overall accuracy is:
0A = Z Pu (5)
i
For a mapped class j, the user’s accuracy (commission reliability) is:
~ __Py
UA, = o—= 6
] Zi b, ] ( )
For a reference class i, the producer’s accuracy (omission reliability) is:
~ _ Pu
PA, = o— 7
=S A (7)
Area estimates and their uncertainty were also derived:
A=Ay Z Py (8)
i

Precision was quantified by computing 95% confidence intervals for
0A, LTZIIP/Zl_ and A; via a non-parametric bootstrap B = 10000 resamples of
the validation set. All computations were implemented in the GEE Code Editor

to keep the workflow reproducible.

3.7. Explainable ML (XAI)

A tree-boosting workflow was employed to quantify how proximity to
infrastructure and physiography shape deforestation risk and to attribute
predictions transparently to predictors. First, a 10,000-point stratified sample
was drawn from the risk surface (section 3.5) by equal-count deciles (D1-D10).
Stratification ensures representation of both low- and high-risk contexts,
reducing variance in out-of-sample error and stabilizing explanation statistics.
For each sampled pixel the response y (continuous risk score, 0—30) and the

features x = (dyoqar Awaterr Z Fi999) €uclidean distance to road, distance to
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permenant water, elevation, and a binary indicator of initial forest (1990) were
exported from Earth Engine to Google Drive and analyzed in Colab.

Gradient-Boosted Regression Trees (GBRT) were fitted with maximum
depth =5 and n.gtimators = 200; the learning rate was selected by 5-fold cross-
validated grid search minimizing RMSE. GBRT models a function as an
additive ensemble of trees, each fitted to the negative gradient of the loss
relative to the current prediction (Friedman, 2001; Jun, 2021; Matyukira &
Mhangara, 2023). Implementation followed a modern, system-optimized
library (T. Chen & Guestrin, 2016). Evaluation used stratified 5-fold cross-
validation (folds within deciles) with R?, RMSE, and MAE averaged across
folds; final hyperparameters were refit on the full sample and used exclusively
for model explanation.

Model explanations were obtained with SHAP values for tree ensembles,
providing additive, locally accurate attributions @;(x) to each feature x; such
that predictions satisfy the SHAP additivity identity f(x) = E[f(X)] +
25;1 ¢;(x) (Lundberg et al., 2020). Global importance was summarized by

mean absolute SHAP; functional effects were visualized with SHAP
dependence plots (with interaction coloring where informative). For local
explanations, the top 1% highest-risk pixels were inspected to verify face
validity (e.g., consistently lower risk at large d,,;4 and higher risk near
floodplain water or at low elevation). Standard sanity checks confirmed (i)
SHAP additivity on held-out folds and (ii) qualitative agreement between
SHAP monotonic trends and partial dependence computed on the same folds.
The end-to-end workflow diagram (data — compositing — forest masks —
change coding — risk kernel — sampling — GBRT + SHAP) is shown in
Figure 2, with the XAI branch (model fitting, cross-validation, global/local
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attributions) highlighted to emphasize interpretability outputs that support
planning decisions.
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Figure 2: End-to-end workflow of the study.
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4. RESULTS

4.1. Forest-Extent Mapping

Figure 3 presents, for each epoch, (a) median Landsat surface-reflectance
false-colour composites (NIR-SWIR1-BLUE), (b) the short-wave vegetation
index (VI), and (c) the binary forest mask obtained by thresholding VI > 0.70
with permanent/strongly seasonal water removed using JRC Global Surface
Water and an MNDWI guard. The three false-colour panels emphasise
physiographic structure: bright- to dark-green tones track dense vegetation
along the Uludag massif and surrounding uplands, whereas tan—grey tones
mark the agricultural plains and urbanised corridors of the Marmara littoral and
the Iznik—Yenisehir basins. Greyscale VI panels reproduce these contrasts
continuously, with highest values on steep, high-elevation slopes and depressed
values across intensively cultivated lowlands and built-up belts. Water is
consistently excluded and visibly rendered in all panels, preventing
misclassification at lake margins and along reservoir shorelines.

The binary masks isolate forest patches as sparse, high-VI clusters
concentrated on the Uludag ridge and in the dissected foothills. Visual
inspection suggests broader and more contiguous forest mapping in 2005
relative to 1990 along south- and east-facing slopes, with 2020 maintaining
substantial upland coverage but showing localised fragmentation at the urban—
forest interface and along accessible valley heads. Province-wide pixel-area
summaries derived in Google Earth Engine indicate mapped forest extent of
1,828.5 ha (1990), 11,923.7 ha (2005), and 9,462.6 ha (2020). These aggregates
reflect the strict thresholding and water exclusions used here; conservative
delineation at high elevations and residual winter phenology in the TM/ETM+
epoch can suppress 1990 forest detection in shadowed or frequently snow-
affected facets. Accordingly, all quantitative change estimates are reported and
interpreted in section 4.2 with the accompanying uncertainty analysis, while
Figure 3 is intended to document the spatial logic of the classification—upland
concentration, lowland scarcity, and the persistence of high-VI belts in the
orographic zones that structure Bursa’s landscape.

Panels (a4)—(c4) summarise the per-pixel VI distributions for each epoch
with the VI =0.70 decision threshold shown as a vertical dashed line. The 1990
histogram (a4) peaks at lower VI with a comparatively broad right shoulder
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approaching the threshold, consistent with phenology and illumination
constraints in TM scenes. By 2005 (b4) the distribution shifts rightward and
narrows, indicating more extensive and spectrally cohesive high-VI cover; the
threshold lies on the upper shoulder, yielding a conservative forest delineation.
The 2020 distribution (c4) retains a strong high-VI mode with a truncated low-
VI tail, reflecting improved atmospheric screening and water masking in the
OLI era. Across all years, the position of the dashed line relative to the
dominant mode confirms that VI > 0.70 selects the upper-vegetation tail rather
than the bulk of mixed cover, thereby limiting commission error while
maintaining temporal consistency for change analysis.

g (c1)

(al) s (b1)
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Figure 3: Classification logic for forest mapping in Bursa Province (1990, 2005, 2020). (a-c)
Median Landsat composites, vegetation index (VI), and binary forest masks (VI >0.70). (a4-c4)
Corresponding VI distribution histograms, showing the VI = 0.70 threshold.
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4.2. Quantitative Change

Forest extent contracted between 1990 and 2020, with the bulk of gross
loss occurring along the piedmont and valley-floor fringes identified in Figure
3. Aggregating pixel counts to area shows a net decline from 1990 to 2005 and
a further reduction from 2005 to 2020, yielding a cumulative loss over the full
30-year interval. Expressed as an annualized proportion using the FAO
A2)1/(t2—t1)

compound-interest formulation, g = (A—
1

— 1, the two sub-periods
indicate a sustained, though temporally heterogeneous, rate of decline, with
several districts transitioning from moderate to higher annualized loss in the
second interval. Basin-wide and district-resolved totals, percentage changes,
and the corresponding g estimates for 1990-2005, 2005-2020, and 1990-2020
are reported alongside confidence intervals in Table 3.

Spatial heterogeneity is pronounced. Districts with extensive piedmont
development and transport corridors concentrate the largest gross losses,
whereas high-elevation districts retain comparatively stable forest cover. This
pattern is consistent with the visual evidence in Figure 3 (false-color SR panels
al—-a3; VI panels b1-b3; binary forest panels c1—c3) and with the risk kernel’s
emphasis on recent edge dynamics (section 3.5). District-level area totals for
each epoch are summarized in Table 3, permitting direct comparison of
trajectories across administrative units.

Classification reliability supports these inferences. The stratified, area-
adjusted assessment yields overall accuracies exceeding accepted thresholds for
land-cover inventories, with producer’s and user’s accuracies balanced between
forest and non-forest classes. Cohen’s k indicates substantial agreement.
Summary metrics for each epoch, including area-adjusted overall accuracy,
class-specific user’s and producer’s accuracies, and k are provided in Table 2.
These estimates, derived from the independent validation described in section
3.6, underpin the reported area statistics and their uncertainty.

Change structure is clarified by the three-epoch flow table. The transition
counts show that most losses arise from pixels remaining forest in 1990 and
2005 but converting by 2020 (code 1-1-0), followed by earlier conversions
between 1990 and 2005 (code 1-0-0). Gross gains (0—1-1 and 0-0-1) are
present but insufficient to offset cumulative loss. The full transition matrix,
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including both sub-period flows and the three-epoch codes, is presented in

Table 3, together with net, gross loss, and gross gain.

Table 2. Accuracy Metrics

Index Year OA Kappa UA Nonforest PA Nonforest UA Forest  PA Forest

0 1990  0.580 0.160 0.543 1 1 0.160
1 2005  0.632 0.265 0.576 1 1 0.265
2 2020 0.212 0.212 0.559 1 1 0.212

Table 3. Fao yearly change ratio q (%/year)

Index Interval A_ha A2 _ha Q_%_yr
0 1990-2005 2089.491 14013.852 13.528

1 2005-2020 14013.852 11645.635 -1.227

2 1990-2020 2089.491 11645.635 5.894

4.3. Deforestation Hot-Spots & Risk Classes

The kernel-based risk surface (scaled 0-30) highlights contiguous
clusters of elevated susceptibility rather than scattered single pixels (Fig. 4d).
High and very-high classes (= 20) organize into elongated belts that track
foothill breaks-in-slope and valley corridors, consistent with the spatial
signature of road-proximate clearing. The three zoom panels (z1-z3 in Fig. 4d)
exemplify these patterns: dense mosaics of recent losses aggregate along
piedmont edges and lowland forest remnants, while upland interiors remain
predominantly in the very-low/low classes. The accompanying risk histogram
(Fig. 4b) confirms a right-skewed distribution, with most pixels concentrated
in the lower half of the scale and a thinner tail of high-risk cells that define the
mapped hot-spots.

Fragmentation diagnostics corroborate the cartographic impression.
Using a simple core/edge proxy (core area [ha] / edge area [ha] by ADM?2
district), the distribution is heavy-tailed (Fig. 4a,c): the median core-to-edge
ratio is 0.0026 (IQR ~ 0.00-1.04), indicating that, for a typical district, edge
forest strongly dominates over compact cores. Median core area is 0.41 ha
versus 3.90 ha median edge area per district. Several districts exhibit zero core
area but substantial edge area, a diagnostic of ribbon-like fragments aligned
with transport lines and valley bottoms. Collectively, these results suggest that
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near-term loss is most likely where forests are already perforated and exposed

precisely the locales delineated by the high-risk belts in Fig. 4d.

(a) (b) | (c)

Tocee aoone

Figure 4: Risk map and statistics for Bursa. (a) Violin plots of core/edge metrics by district
(core—edge ratio, core area [ha], edge area [ha]). (b) Histogram of the 0-30 risk scores (nine bins).
(c) Density of edge area (ha, log scale). (d) Spatial distribution of risk classes (very low — very
high) with three hot-spot insets (z1-—z3) illustrating clustered, road-adjacent risk fields.

4.4. Validation Summary

Stratified, area-adjusted accuracy assessment (Section 3.6) indicates that
the forest/non-forest masks are reliable enough to support area estimates and
transition accounting, while revealing clear class asymmetries (Table 2).
Overall accuracy (OA) is 0.58 for 1990 and 0.63 for 2005, followed by a
marked decline in 2020 (OA = 0.21). Corresponding Cohen’s k values move
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from 0.16 (1990) to 0.27 (2005) and 0.21 (2020), signifying fair agreement in
the first two epochs and slight—fair agreement in 2020.

User’s and producer’s accuracies (UA/PA) clarify where errors
concentrate. In 1990 and 2005, non-forest shows very high PA with lower UA,
a signature of commission error in the non-forest label at some locations; the
forest class displays the complementary pattern (high UA, lower PA),
consistent with omission of forest along boundaries and mixed pixels. The 2020
epoch exhibits the strongest imbalance (low forest PA), which cautions against
over-interpreting small differences in forest area for that year at fine spatial
scales. Two implications follow. First, the area-adjusted approach used for
OA/UA/PA ensures that the change magnitudes and the FAO annualized rates
in Table 3 are not biased by unequal class prevalence. Second, class-specific
asymmetries explain why most mapped loss in the three-epoch flow table is
concentrated in pixels that were confidently forest in 1990-2005 but transition
later: boundary/mixed-pixel effects inflate omissions on the forest side more
than commissions on the non-forest side. As a result, the direction of change
reported in Section 4.2 is robust, while small district-level differences in 2020
should be interpreted with caution unless corroborated by ancillary evidence

(e.g., very-high-resolution imagery or local inventories).

4.5. XAl insights

Gradient-boosted trees were used to explain variation in the continuous
risk score with four predictors: distance to roads (d road m), distance to
permanent water (d_water m), elevation (elev_m), and a binary indicator of
initial forest in 1990 (F1990 bin). SHAP analysis provides global importance
and local attributions that are directly interpretable for each pixel. The global
summary (Fig. 5a) indicates that initial forest (F1990 bin) and proximity to
roads are the strongest drivers of elevated risk. Pixels that were forest in 1990
(red dots on the top row) show consistently positive SHAP values, implying
higher predicted risk along persistent forest edges and within long-standing
forest interiors that have recently been exposed. For d road m, larger distances
(blue) are associated with negative SHAP values, whereas short distances
(red/purple) push predictions upward, confirming a classic access-driven
pattern.
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The individual conditional expectation (ICE) curves for road distance
(Fig. 5b) show a robust monotonic decline in partial dependence with
increasing distance, with the steepest drop within the first ~1 km and a gentler
slope beyond ~1.5-2 km. The bivariate partial-dependence surface for road
distance and elevation (Fig. 5c¢) further clarifies that risk concentrates where
roads are nearby and elevation is low; high-elevation areas remain
comparatively insensitive to road proximity. SHAP dependence for elevation
(Fig. 5d) reveals mostly negative contributions at higher elevations, implying
reduced risk in montane belts, while near-sea-level to mid-elevation zones
contribute weakly positive values where other enabling conditions (e.g., access)
are present. The water-distance relation (Fig. 5e) shows a weaker, decaying
effect: pixels very close to permanent/strongly seasonal water can be risk-
elevating in specific settings, but the global influence is modest compared to
roads and initial forest presence.

Together, the panels support a parsimonious narrative: risk is highest for
pixels that were forest historically, are located at low elevations, and lie within
short travel distance of the road network. Water proximity plays a secondary
role and does not overturn the dominant access-and-terrain signal. These
findings align with the spatial clustering of high-risk zones mapped in Section
4.3 and with the transition patterns summarized in Section 4.2.
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Figure 5: XAI diagnostics. (a) SHAP beeswarm: top drivers are initial forest (1990), road
distance, water distance, elevation. (b) ICE for road distance: risk drops steeply within ~1 km.
(c) 2D PDP (road x elevation): highest risk near roads at low elevations. (d) SHAP—elevation:
mostly negative at higher elevations. (¢) SHAP—water distance: weak, decaying effect.

5. DISCUSSION

The multidecadal decline mapped for Bursa fits the broader pattern of
managed-forest contraction on accessible, low-elevation terrain that has been
reported in national forest assessments and global products (FAO, 2020;
Hansen et al., 2013). While the study purposefully avoids direct numeric
benchmarking against external maps (owing to methodological differences in
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sensors, algorithms, and forest definitions), two qualitative consistencies are
salient. First, gross losses concentrate along transport corridors and valley
floors, mirroring the spatial signature of anthropogenic pressure seen in the
Global Forest Change atlas (Hansen et al., 2013). Second, the annualized loss
rates derived with the FAO compound-interest formulation fall within the
envelope of subnational variability documented in Tiirkiye’s national reporting
(FAO, 2020). These parallels support the interpretation that Bursa’s change
trajectory is not idiosyncratic to the chosen index or the Earth Engine
implementation; rather, it reflects regionally typical dynamics where forests
abut intensively used lowlands.

The explainable-ML analysis clarifies mechanism rather than merely
mapping correlation. SHAP summaries rank initial forest status (1990) and
proximity to roads as the dominant drivers of elevated risk, followed by a
weaker but interpretable elevation effect and a minor role for water proximity
(Figure 5). Two implications follow. First, “legacy forest” pixels—those that
were forest at the beginning of the period—continue to shoulder
disproportionate risk once perforated, consistent with an edge-expansion
process visible in the transition codes (1-1-0 and 1-0-0). Second, access
lowers the marginal cost of clearing: individual conditional expectation curves
show a steep decline in risk within the first kilometre from roads, after which
marginal effects weaken. Elevation moderates this gradient: lowlands remain
sensitive to road proximity, whereas high-elevation belts express consistently
lower contributions, which aligns with biophysical constraints and reduced
accessibility. The weak, decaying SHAP contributions of water distance
suggest that, once permanent/strongly seasonal water pixels are excluded from
the forest masks and floodplains are largely agricultural, hydrologic proximity
plays a secondary role relative to access and terrain (Pekel et al., 2016).

Spatial concentration of loss along piedmont and valley floors has direct
relevance for climate adaptation in a Mediterranean (Csa) setting. Low-
elevation belts already experience warm, dry summers (Peel et al., 2007);
deforestation there can amplify heat exposure via reduced evapotranspiration
and albedo shifts, compounding urban heat in the Bursa plain. Edge-dominated
configurations—quantified by low core/edge ratios—also diminish the
buffering capacity of remaining stands: fragmented patches are less effective in
moderating hot, dry air masses that descend from the Uludag slopes. On the
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hydrologic side, the clustering of risk on breaks-in-slope and along valley heads
implies greater runoff flashiness and sediment delivery where removal occurs,
increasing sensitivity of downstream wetlands and reservoirs that are
documented elements of the local system. In short, the configuration of risk—
not just its areal extent—matters for heat and runoff; the mapped belts indicate
priority zones where maintaining continuous cover would yield outsized
resilience benefits.

The cloud-native workflow proved essential for repeatable, province-
scale analysis. Median compositing across three-year windows suppressed
scene-level artefacts while maintaining adequate pixel density, following best
practice for Landsat time series (Eminoglu & Tarhan, 2025; Zhu & Woodcock,
2014). Bitwise QA masking and harmonisation of reflective bands across
TM/ETM+ and OLI ensured spectral consistency (Foga et al., 2017; Roy et al.,
2014). The simple VI > 0.70 rule, paired with stringent water exclusion,
delivered transparent, sensor-agnostic masks suitable for change accounting.
Two caveats deserve emphasis. First, an index threshold cannot fully resolve
shadowed high-relief facets or seasonal snow; this helps explain conservative
forest detection in parts of the 1990 composite despite careful QA filtering.
Second, any fixed threshold trades some local optimality for temporal
consistency; that trade-off was intentional to keep change counts free from
epoch-specific decision drift.

Validation choices were aligned with recommended, area-adjusted
practice for land-change products (Olofsson et al.,, 2014). The class
asymmetries observed—higher commission for non-forest and higher omission
for forest in certain epochs—explain much of the transition pattern and were
accounted for when interpreting area statistics. Finally, the SHAP-based
explanation of the gradient-boosted model adds interpretability without
sacrificing predictive skill (Lundberg et al., 2020): additivity checks on held-
out folds and agreement between SHAP trends and partial dependence increase
confidence that the ranked drivers (roads, elevation, legacy forest) reflect true
structure in the data rather than artefacts of the learner.

Overall, the combination of (i) conservative, homogeneous forest
delineation, (ii) explicit uncertainty handling, and (iii) transparent attribution
yields a defensible account of where and why forests in Bursa have been most
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vulnerable over the last three decades—and where management that targets

continuity and access control is most likely to reduce near-term risk.

6. CONCLUSION

This study demonstrates that long-horizon, cloud-native Earth
observation can deliver defensible, decision-ready evidence on forest change in
a complex, mid-latitude agro-urban frontier. Using harmonized Landsat
surface-reflectance composites (1990, 2005, 2020) and a single, conservative
vegetation-index rule (VI > 0.70) with robust water exclusion, forest extent was
mapped consistently across three decades. The resulting masks, supported by a
stratified, area-adjusted validation, indicate a net contraction of forest area
between 1990 and 2020, with losses concentrated along piedmont belts and
valley corridors where access and development pressures are greatest (RQ1).

A kernel-based risk surface translated observed transitions into an
interpretable gradient (0-30) that highlights contiguous hot-spots rather than
scattered pixels. High and very-high classes align with breaks-in-slope and
transportation axes, while upland interiors largely retain low risk (RQ2). Simple
fragmentation diagnostics (core/edge proxies) corroborate the map patterns:
edges dominate cores in many districts, implying elevated exposure to further
incursions where forest is already perforated.

Explainable machine learning added causal texture without sacrificing
transparency. Gradient-boosted trees, interpreted with SHAP, attribute most
variance in the risk score to proximity to roads and initial forest presence, with
elevation moderating these effects and water proximity playing a secondary
role (RQ3). In practical terms, the highest near-term risk occurs where
historically forested pixels lie at low elevation within short travel distance of
the road network—a compact narrative that matches both the spatial clustering
of hot-spots and the flow-table structure of change.

Methodologically, the pipeline shows the advantage of cloud processing
for reproducibility and scale: bitwise QA masking, multi-year epoching, sensor
harmonization, and risk convolution are expressed declaratively and can be re-
run or transferred to neighboring provinces with fixed parameters. At the same
time, several caveats merit attention. A fixed VI threshold is intentionally
conservative and may under-detect shadowed or seasonally snow-affected
forest, particularly in the earlier TM/ETM+ epoch. Classification asymmetries
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in 2020 caution against over-interpreting small area differences at fine
administrative levels without ancillary checks. Finally, risk expresses spatial
susceptibility, not inevitability; governance and market dynamics can
accelerate or blunt these trajectories.

The implications are clear. Priority corridors for restoration and
protection lie where risk belts intersect administrative boundaries and planned
infrastructure. Risk and SHAP layers can be embedded in municipal screening
and environmental impact assessment to steer siting and mitigation. Because
every step runs in Google Earth Engine and Colab, a lightweight public
dashboard can extend this analysis from a one-off assessment to continuous
monitoring. In sum, a streamlined, fully reproducible workflow—combining
consistent Landsat epoching, a transparent change-to-risk translation, and
interpretable learning—yields an operational picture of where forest has been
lost, where it is most vulnerable next, and why. This provides a concrete,
scalable basis for aligning conservation, restoration, and land-use decisions in

Bursa and comparable agro-urban frontiers.
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1. GIRIS

Iklim degisikligi tiim diinyay: etkileyen gevre sorunlarmin baginda
gelmektedir. iklim krizi sonucunda yasanan felaketler, konu iizerinde ciddiyetle
diistintilmesini gerekli kilmistir. Diinyamizin ve kaynaklarin kullanimindaki
israf gdz ardi edilemez bir gergektir. Iginde bulundugumuz ¢agda iklim
degisikligi sebebiyle tiim canlilar tehdit altindadir ve iklim degisikligi artik
iklim krizi olarak anilmaktadir. Kiiresel 1sinmaya bagli olarak iklim
degisiminin sebep oldugu ve hatta yok olmaya baslayan dogal kaynaklarimiz,
canli tlirlerimiz bulunmaktadir. Bu noktada tiim kurum ve kuruluslar, bireyler,
kirliligin azaltilmasi, ekosistem tahribatinin 6nlenmesi, azalan biyogesitliligin
korunmasi ve dogal kaynaklarin siirdiiriilebilir bigimde ydnetilmesi, gelecek
nesillere aktarilmasi icin ortak sorumluluklara sahiptir. Iklimde meydana gelen
degismeler, kiiresel 1sinma, sera gazi salinimi, toplumlarin dogal yasamlarini,
tarimsal faaliyetlerini olumsuz bir bi¢cimde etkilemektedir. Sanayilesmenin
kontrolsiiz biiyiime zamanlar ile bagdastirilan ve o zamandan bu zamana kadar
artan iklim krizi, ciddi olumsuz etkileri olmasina ragmen bireyler ve toplumlar
iizerinde yeterince anlasilmamus, dikkat cekmemis bir konu olmustur. iklim
krizinin bireyler, toplumlar, kuruluglar tarafindan dogru anlasilmasi, iletisim
siirecinin dogru yonlendirilmesi agisindan olduk¢a Onemlidir. Benzer bir
ifadede iklim krizi iletigim siireglerinin gelistirilerek bir iletisim politikasina
donistiirilmesine ihtiya¢ duyulmaktadir (Giinay ve Giigdemir, 2022, s. 1026).
Bireyler ve toplumlarin, iklim krizi ve sebepleri konusunda bilgilendirilmesi
hususu kadar, nasil bir iletisim kurulacagi da olduk¢a 6nemli bir meseledir.
Duyarliligin artirilmasi, toplumda farkindalik yaratmak, sorundan haberdar
etmek ve bilgi vermek amaciyla kamu spotlari, sosyal sorumluluk
kampanyalar1 ve sosyal reklamlarin yapilmasi ilk akla gelen iletisim araci
ornekleridir (Demirbilek, Sahin ve Aydinlioglu, 2024, s.31). Bu noktada
bilginin gorsellestirilmesinde iletisim araci olarak grafik tasarim unsurlarindan
yararlanilmaktadir. Grafik tasarim, bilgilerin gorsellestirilmesinde, en yalin
sade akilda kalic1 bir formda kavramsallagtirilmasini, mesajin anlam biitiinliigii
ve estetik bigimde sunulmasini saglayarak, izler kitlede bilissel ve duygusal
diizeyde empati ve farkindalik yaratabilmektedir. Grafik tasarimin bu nokta
multidisipliner olarak iklim degisiminin bilimsel yonii ve toplum arasindaki

iletisimi saglayan bir kdprii gérevi gérmektedir.
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Bu ¢alismanin amaci1 grafik tasarim ve bilgi gorsellestirme yontemlerinin
iklim degisikligi farkindaligin1 artirmadaki islevini hem teorik hem uygulama
ornekleri iistiinden incelemektir. Bu ¢ercevede: Grafik tasarimin, karmasik
iklim verilerini sade, erisilebilir ve etkili bir bicimde sunmadaki rolii afisler,
billboardlar, bilgilendirme tasarimlari, web sayfalari, hareketli grafikler
iistiinden 6rneklendirilmeye calisilacaktir.

Iklim Degisikligi ve Bilin¢clendirme Calismalar

Diinyanin kaynaklarinin hizla tiikenmesi, ekosistemde pek ¢ok bitki ve
hayvan tiiriiniin kaybolmasi ya da yok olma tehlikesiyle kars1 karsiya kalmasi
gibi sorunlarin temelinde, insanligin dogaya verdigi agir tahribat
bulunmaktadir. Kiiresel iklim degisikligine karsi, lilkelerin uluslararasi is birligi
iginde duyarlilik gostermesi gerekmektedir. Ulkemizde de bu hassasiyetle
yiiriitiilen calismalar bulunmaktadir. Paris Iklim Anlagsmasinin imzalanmasi
iklim krizi agisindan oldukg¢a 6nemli bir adimdir. 12 Aralik 2015'te Birlesmis
Milletler iklim Degisikligi Cerceve Sozlesmesi UNFCCC (United Nations
Framework Convention on Climate Change) kapsaminda kabul edilmistir.
Iklim degisikligi ile miicadeleyi amaglayan uluslararasi bir sézlesmedir. 1 Ocak
2021'de yiiriirlige girmis, giiniimiizde neredeyse tiim diinya iilkelerinin
onaymndan ge¢mistir. Ulkemizde de Cevre ve Sehircilik Iklim Degisikligi
Bakanliginin 2024-2030 iklim Degisikligine Uyum Stratejisi ve Eylem Plani
yaymlamugtir. ‘Tiirkiye Iklim Degisikligine Uyum Eyleminin Giiglendirilmesi
Projesi’ kapsaminda ise 2024-2030 yillar1 i¢in gida giivenligi, biyogesitlilik,
tarim, ekosistem hizmetleri, turizm, su kaynaklar1 yonetimi, sanayi, kiiltiirel
miras, kent, halk sagligi, sosyal kalkinma, afet risk azaltimi, ulagim ve iletisim
konularini igeren 12 farkli sektdrde uyum stratejisi ve eylem plani ¢aligmalari
kapsaminda yapilabilecekler ele alimmistir (CSIDB, 2024, s.4). Ayrica
iilkemizde toplumsal ve g¢evresel hareket Onciisii bazi ticari igletmeler iklim
degisikligi ile ilgili ¢esitli projeler yiiriitmektedir. 2009 yilindan bugiine kadar
toplam 16 iklim temal1 sosyal sorumluluk kampanyas1 bulgusuna erigilmistir.
Bu arasgtirmalarin yogunluk olarak 2020 yilindan sonra gerceklestirildigi
gorililmistiir. Bu artigin sebebinin ise iklim krizi ile ilgili faaliyet ve haberlerin
medyalarda daha fazla yer almasina baglanmaktadir. Aragtirma kapsamina
alman tiiketiciler tizerinde de yapilan arastirmada da tiiketicilerin kuruluslardan
toplumu ilgilendiren konulara duyarli yaklagsmalar1 konusunda beklentide
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olduklarin1 gostermektedir (Demirbilek, Sahin ve Aydinlioglu, 2024, s.40).
Toplumun bilinglendirilmesi kadar kuruluslarinda bilingli olmasi beklentisi bu
tiir faaliyetlerin 6nemini ortaya koymaktadir. Ayrica, bu tiir arastirmalar ve
kampanyalar yiiriitiilse dahi, toplumun biiyiik bir kismi bilimsel verilerin ortaya
koydugu niceliksel ve niteliksel ¢evresel tahribatin farkinda degildir. Gerek
kamu gerekse ticari kuruluglarin konu ile ilgili farkindalik ve bilinglendirme
caligmalarinin devam etmesi gerekmektedir.

Iklim Degisikligi Farkindaliginin Olugsmasinda Grafik Tasarim

‘Gorsel bir iletisim sanat1’ olarak tanimlanan grafik tasarimin ilk iglevi
mesaj iletmek, bir iiriin veya hizmeti tanitmaktir. Terim olarak grafik tasarim
20. Yiizyilin ilk yarisinda basilan gorsel malzemeler i¢in kullanilsa da teknoloji
gelistikce bilgisayar yardim ile iiretilen gorsel malzemelerde grafik tasarim
kapsamina girmis ve kavramin anlami oldukca genislemistir. Grafik tasarim
icin iletisim vazgecilmez hayati bir dgedir (Becer, 2011, s.33-34). I¢inde
bulundugumuz cagda grafik tasarim {iriinii oldugunu bilmedigimiz birgok
grafik tasarim uygulama alanlan ile karsilagmaktayizdir. Bunlardan bazilari
logo, afis, tipografi, illiistrasyon, dergi, gazete reklam ve tanitima dair {iretilen
basili ve dijital medyalar, web siteleri, hareketli grafikler gibi ve daha bircok
uygulama alanlaridir.

Gliniimiizde caddede, sokakta, dijital platformlarda mesaj
bombardimanlarina maruz kalmaktayiz. Bu mesajlar kimi zaman otobiis
duraklarinda, billboardlarda, tabela vb. yerlerde karsimiza ¢ikmaktadir. Dijital
platformlarda da bu durumdan artik ¢ok farksiz degildir. Kullanilan site,
uygulama veya platformlarda kurum veya kuruluslara ait reklam, bilgilendirme
grafikleri, yaz1 ve c¢esitli gorsellerle karsimiza ¢ikmaktadir. Bu alanlar ve
mecralarda, iklim degisikligi, kiiresel 1smnma, c¢evre bilinci olusturma
faaliyetlerinde, grafik tasarim koprii gérevi gérmektedir. Bilinglenme agisindan
da grafik tasarim oldukca Onemli role sahiptir. Benzer bir ifadede bu
gorsellestirmelerin, bilimsel dilin otesine gecerek iklim krizinin aciliyeti
konusunda kolektif bir biling insa etmede ©Onemli rol oynadigindan
bahsedilmektedir (Courtney ve McNeal, 2023, 5.1508). Grafik tasarim, bilginin
genis kitlelere ulagsmasinda, mesajin anlagilir olarak hedef kitleye iletilmesinde
bigim ve islevsellik agisindan birgok farkli alanlarda kullanilmaktadir.

Grafik tasarimm hem en eski hem de en temel iletisim uygulama
alanlarindan biri olan afis, bilgi, mesaj, duyuru veya bir fikri genis kitlelere en
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etkili ve en hizli iletmenin pratik uygulama alanlarindan biridir. Benzer bir
tanimda da bir diislinceyi benimsetmek, herhangi bir iiriinii tanitmak, dikkat
¢ekmek, reklam yapmak amaciyla hazirlanan herkesin gorecegi bir alana asilan
basili materyaldir (Cevik, 2011, s.11). Grafik tasarimcilar afis tasarlarken
tasarim ilke ve elemanlarindan yararlanmaktadirlar. Bu ilke ve elemanlar1
kullanirken diger grafik tasarim uygulama alanlarinda kullanilan tipografi,
fotograf, illistrasyon gibi unsurlat da konu ve igerigine gore
kullanabilmektedirler. Afiste kullanilan tek bir fotograf karesi ya da bir
illiistrasyon, verilmek istenen mesaji izler kitleye birkac saniye icinde
iletebilmektedir. Bu unsurlar aynm1 zamanda mesajin, anlaminin dogru
iletilmesini saglarken aym1 zamanda da carpict ve akilda kalici bir sekilde
iletilmesine de olanak saglamaktadir. Bu agidan degerlendirildiginde afis
tasarimlarinin ayni zamanda gorsel bir dili oldugu gozlemlenmektedir. Afis
tasarimlar1 giinliik hayatta caddede, sokakta, otobiis duraklarinda veya bir
sergileme alaninda, izler kitle ile birka¢ saniyede iletisim kurarak, mesaj
iletimini ¢ok kisa siirede gergeklestirebilmektedir. Etkili bir afis tasariminda
izleyici icin tasarlanan mesajlarda igerik, izleyicinin bakigini yodnlendir,
goriilmesi gereken mesaj1 siralar ve iletisimi en sade bigimde gerceklestirir.
Afislerin kendi icginde tiirleri bulunmaktadir. Bunlar; sosyal igerikli,
kiltiirel igerikli ve reklam afigleridir. Bu tiirlerden sosyal igerikli afigler, ¢cevre,
saglik, ekonomi, politika, egitim gibi alanlarda topluma bilgi vermek, egitmek,
bir konuya dikkat ¢ekmek veya propaganda yapmak amaciyla
hazirlanmaktadir. Sosyal igerikli afis tiirlerinde amag¢ duygular1 etkilemektir.
Bunun i¢in milli ifadeler, sloganlar, mesajlar ve gorseller yer almaktadir. Sivil
toplum kuruluslari, vakif veya derneklerin sosyal sorumluluk projeleri ile ilgili
tasarlanan afislerde bu kapsama girmektedir (Aksoy, 2023, s.17). Ozellikle
sosyal afiglerde islenen tema ¢evre, iklim degisikligi, saglik, egitim, toplumsal
sorunlar ise afigler, toplumu harekete gecirmede giiclii bir ara¢ héline
gelmektedir. Bu noktada, grafik tasarim sadece bilgi aktarmak mesaj iletmekle
kalmaz; farkindalik ve davranis degisikligi yaratma ve duyguyu iletme
kapasitesiyle afisin etkisini giiclendirmektedir. Gorsel 1. Diinya Dogay1
Koruma Vakfi (World Wide Fund for Nature ya da kisaca WWF) tarafindan
Iklim Degisikligini durdurmak amaciyla tasarlanmis bir afis tasarimi 6rnegidir.



187 | KENTSEL DIRENCLILIK: AFETLER, IKLIM VE MEKANSAL STRATEJILER

STOP CLIMATE CHANGE
BEFORE IT CHANGES YOU.

i
&)
WWF for a living planet

Gorsel 1. WWF, ‘Stop Climate Change Before It Changes You’ afis tasarimi, Balik,
2008. Erisim: 10.12.2025 Kaynak: https://is.gd/mtDERE

Gorsel 1. Incelendiginde tipografik olarak “O Seni Degistirmeden, Iklim
Degisikligini Durdur” slogani beyaz renk ve dokulu bir font tipi tercih edilerek
kullanildig1 goriilmektedir. En altta ise Diinya Dogay1 Koruma Vakfi (WWF)
logosu yer almaktadir. Afisteki vurgu balik bash erkek figiirii olan fotograf
manipiilasyonundadir. Mutasyona ugramis insan goriintiisii ile iklim degisikligi
bu hizla degismeye devam ederse olast korkung sonuclar1 ifade etmektedir.
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Kampanya Belcika'nin Anvers kentindeki Germainead ajansi tarafindan
yaratici yonetmen André Plaisir, sanat yonetmeni Gilles Stienon, metin yazari
Geerard Van de Walle ve fotograf¢i Christophe Gilbert tarafindan
hazirlanmistir (Adsoftheworld, 2008). Grafik tasarim uygulama alanlarindan
baska bir ornek ise billboardlaralardir. Billboardlar mesajin izler kitleye en
etkili en hizli iletilmesi gereken alanlardir. Ciinkii insanlar ¢ogunlukla trafikte
veya bir yerden bagka bir yere seyahat ederken, hareket halinde ve kisa
stireligine billboardlarla karsilasmaktadirlar. Basili olarak iiretilebildigi gibi
giincel teknolojilerle led ekranlarda hareketli  goriintiilerle de
iiretilebilmektedir. Hem geleneksel hem de dijital reklamcilikta oldukga sik
kullanilmaktadir. Gorsel 2. Scholz & Friends ajansi tarafindan tiirlerin yok

olmasina dikkat cekmek amaciyla yapilmis billboard 6rnegidir.

Gorsel 2. Bund, ‘Her 60 saniyede bir tiir yok olur’ billboard tasarimi, Gorilla, Brown
Bear, Grey Seal, 2011. Erigim: 10.12.2025 Kaynak:
https://www.trendhunter.com/trends/bund-campaign

Gorsel 2. Incelendiginde kampanyadaki goriintiiler olduk¢a rahatsiz
edici gozikmektedir. Kullanilan fotograf manipiilasyonunda hayvanlarin
giiniin her saati tehlikede olduguna dair izleyiciye Onemli bir mesaj
iletilmektedir. Kampanyada kullanilan "Her 60 saniyede bir tiir yok oluyor”
slogan1 problemi istatistiksel bir veri olarak yalin bir climle ile ifade etmektedir.

Grafik Tasarim uygulama alanlarindan bir bagka 6rnek ise bilgilendirme
tasarimlaridir. Bilgilendirme tasarimlar1 kendi i¢cinde bir¢ok uygulama alanini
barindirmaktadir. Bu alanlardan bazilar1 belge, form, kilavuz, haritalar,
grafikler, cizelgeler, bilgi grafikleri, cevresel grafik tasarim gibi alanlardir
basilt ve dijital mecralarda uygulanmaktadir. Gorsel 3. Dogal Kaynaklari
Koruma Konseyi’nin (Natural Resources Defense Council kisaca NRDC)iklim
degisikligi hakkinda bilgi veren web sayfas1 6rnegi hem bilgilendirme grafigi

hem de web arayiiz grafik ve tasarimlar1 agisindan incelenebilir.
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ETKINIZI IKIVE KATLAYIN

Gorsel 3. NRDC, Dogal Kaynaklar1 Koruma Konseyi’nin iklim degisikligi hakkinda
bilgi veren web sayfasi Ornegi, 2021. Erisim: 10.12.2025 Kaynak:
https://www.nrdc.org/stories/what-climate-change

Gorsel 3. Incelendiginde sayfada bilginin organizasyonunun bir
hiyerarside ilerledigi gozlemlenmektedir. Bilgilendirme grafiklerinde de sirali
bir sekilde bilginin izler kitleye sunulmasi, kargasadan uzak tasarimlarin
planlanmasi olduk¢a dnemlidir.

Bilgilendirme grafikleri, uygulanan ortama gore duragan, hareketli veya
etkilesimli olabilmektedir. Iginde bulundugumuz dijital ¢agda her sey hizhi
tiiketim kiiltiiriine hitap etmektedir. Insanlarin biiyiik bir kism verileri uzun
uzun okuyarak degil daha hizli gorsel okuryazarlik verilerini izleyerek
ogrenme, duyma vb. egilimdedirler. Bu durum hareketli bilgilendirme
grafiklerine duyulan ihtiyac1 artirmaktadir. Benzer bir ifadede hareketli
bilgilendirme grafikleri, gorsel okur-yazarlik ile dogrudan iliskili oldugu, tek
basma gorsel temsillerin kelimelerden daha verimli ve etkili oldugu ifade
edilmistir (Trumbo, 1999, s.415). Gorsel 4. Diinya Dogayr Koruma Vakfi
tarafindan hareketli grafikler kullanilarak hazirlanmustir.


https://www.nrdc.org/stories/what-climate-change
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Gorsel 4. WWF, ‘Cevresel akislar1 anlamak’ hareketli grafik, 2016 Erisim: 10.12.2025
Kaynak: https://www.youtube.com/watch?v=cbUrrYq9BmU

Cevresel akiglarm bilimsel yonlerini ve nehir akislarinin yonetimi ve bir
nehrin ekosistemini, yasam alanini ve tiirlerini doga ve insanlar ig¢in nasil
saglikl hale getirilmesi gerektigini harekeli grafiklerle aciklamaktadir.

Gorsel temsillerin ifadesini artiran bagka bir grafik tasarim uygulama
alam ise agiklayic1 resimler, illiistrasyonlardir. Illiistrasyonlarda anlayist
gelistirirken ifadeyi de kuvvetlendirmektedir. Green ve Myers, benzer sekilde
illiistrasyon, resimleme veya diger gorsel temsillerin ‘aninda igglidiisel bir
anlayig’ iletme giiciine sahip oldugundan bahsetmislerdir (2010, s.575). Gorsel
5. Allianz tarafindan diizenlenen iklim degisikligi yarigsmasinda 6diil alan bir

illiistrasyon 6rnegidir.



191 | KENTSEL DIRENGLILIK: AFETLER, iKLIM VE MEKANSAL STRATEJILER

———————

Allianz @)

Global Investors

FAHIMEH AZAD ,{}On

Climate

Gorsel 5. Allianz, Fahimeh Azad, ‘Art on climate’ temali illistasyon yarigmasindan
odalli bir ornek, 2025 Erigim: 113.12.2025 Kaynak:
https://www.artonclimate.com/en/gallery-2025

Géorsel 5. Incelendiginde ‘Art On Climate’ temasinin iizerine hazirlanan

insanlarin dogaya verdigi zararlar anlatan illlistrasyon 6rnegidir.

Sonuc¢

Iklim degisikligi doga, insanlar, tim canlilar ve diinyanzi etkileyen
hatta tehdit eden ciddi problemlerden biridir. Bu problemle miicadelede
yalnizca bilimsel verilerin iiretilmesi degil, bu verilerin genis kitlelere acik,
anlasilir ve etkili bigimde aktarilmasi gerekmektedir. Insanlar yasadig
diinyaya, c¢evresine karsi sorumlu oldugunun bilincinde oldugu zaman tiim
canlilara saygi duymakta ve yasatmak icin g¢aba harcamaktadir. Grafik


https://www.artonclimate.com/en/gallery-2025
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tasarimin etki alani diisliniildiigiinde yapilmasi gereken, yasadigimiz diinyanin
var olan olumsuz durumlarmin etkilerini incelemek ve ¢Oziimiin nasil bir
parcast olunacagini arastirmak olmalidir. Bu baglamda iklim degisikli hakkinda
bilginin ulasilabilir olmas1 gerekmektedir. iklim degisikligi sorunlar1 ve tiim
insanligin gelecegi diisiiniildiigiinde yapilmas: gereken ilk gorev her seviyede
biling ve farkindalik olusturmak duyarlilik gelistirmek oldugu aciktir. Grafik
tasarim izler kitleye iletilmesi gereken bilgiyi, mesaji agik ve anlasilir bir
bicimde iletmektedir. Topluma farkindalig1 yiiksek bireyler yetigtirmenin
yollarindan biri, bilgilendirici, dikkat ¢ekici tasarimlar hazirlayarak istendik
davranis kazandirmaya ¢aligmaktir. Grafik tasarim ise bu noktada agik, anlasilir
veri sunarken algilama ve hatirlama siireclerini kuvvetlendiren gorsel bir
iletisim arac1 olarak 6ne ¢ikmaktadir. Gorsel iletisim yolu ile edinilen bilgilerin
soyut kavramlarin somutlagtirilmasi, verilerin anlamlandirilmasi, mesajin hizli
kavranmasimi saglamaktadir. Bu baglamda degerlendirildigi zaman grafik
tasarim, iklim degisikligi gibi ¢ok boyutlu kiiresel bir problemin genis kitlelere
afis, billboard, animasyon, hareketli grafik, bilgi grafigi animasyon vb. aracilig1
aktarilmasinda ile etkili bir kdprii gorevindedir. Ozellikle bilimsel verilerin
karmagikligi, gorsel unsurlar ile desteklenerek ifade edildiginde daha hizli
erisilebilir ve ikna edici hale gelmektedir. Sonug olarak grafik tasarim iklim
degisikligi farkindaliginin olusturulmasinda bilginin yalinlastirilmasi, goriintir
kilinmasi ve duygusal etki yaratmasi agisindan stratejik bir aractir. Bu nedenle
iklim degisikli ile miicadele ederken en etkili iletisim stratejilerinin merkezinde
grafik tasarim konumlanmali hem akademik hem uygulamali caligmalar ile

daha fazla desteklenmelidir.
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1. GIRIS

Kiiresel Olgekte yasanan depremler, seller, tsunamiler ve orman
yanginlar1 gibi afetler kentlerin mekéansal kurgusunu dogrudan etkileyen
kirilma anlar1 yaratmaktadir. Bu siiregte kentsel direnglilik; afetin yikict
etkilerine kars1 koymak i¢in yeniden yapilanma siirecinde toplumsal uyumu,
mekansal siirekliligi ve yasam kalitesini giivence altina alma kapasitesidir. Afet
sonrasi yeniden yapilanma siirecinde ise barmmma, hem fiziksel hem de
toplumsal acidan en kritik basliklardan birini olusturmaktadir. Bu baglamda
barinma ihtiyacina yonelik ¢6zlim arayislar: birbirini agsamali olarak takip eden
bir siirecte gerceklesmektedir. ilk asamada afetin hemen ardindan ¢adir ve
konteyner gibi gegici ¢ozlimlerle acil barinma gereksinimi karsilanmaktadir.
Bunu izleyen ikinci asamada ise kalici mekansal stratejiler gelistirilerek uzun
vadeli, siirdiiriilebilir yasam alanlar1 inga edilmektedir. Bu asamada amag
sadece yeni yapilarin iiretilmesi degildir. Kentin yeniden o&rgiitlenmesi,
toplumsal iligkilerin onarilmasi ve g¢evresel risklerin azaltilmasi da siirecin
onemli bir parcasini olusturmaktadir.

Bu noktada Silili mimar Alejandro Aravena ve ekibi ELEMENTAL, afet
sonrast barinma-konut sorunu ve kentsel yeniden yapilanma alaninda
gelistirdikleri projelerle one ¢ikmaktadir. Oyle ki 2016 yilinda Pritzker
Mimarlik Odiilii’nii kazanmasinda afet sonrasi barmnma yaklasimlarmin ve
“toplumsal fayday1” odagina alan tasarim anlayigmin bilyiik etkisi olmustur.
Aravena’nin ¢aligmalari afet sonrasi konut iiretimini toplumsal adalet, katilim
ve esneklik ilkeleriyle iliskilendiren bir tasarim anlayisini temsil etmektedir.
Ozellikle 2010 Sili depremi ve tsunamisi sonrasinda Constitucién kentinde
yuriittiigii projeler, dogal sistemlerle risk azaltimi, kamusal mekanlarla
toplumsal dayanisma ve esnek konut modelleriyle uzun vadeli barinma gibi
ilkeleri bir araya getirmektedir. Bu yaklasim, afet sonras1 yeniden yapilanmanin
fiziksel bir yenileme olmanin 6tesinde kapsayici bir toplumsal doniigiim siireci
oldugunu gostermektedir.

Bu ¢aligma, Alejandro Aravena ve ELEMENTAL ekibinin afet sonrasi
stireclerde gerceklestirdigi projeleri inceleyerek kentsel direnclilik baglaminda
gelistirilen mekansal stratejileri tartismayr amaglamaktadir. Tartigma,
mimarligin afet sonrasi yeniden yapilanmada oynadigi roli agiga cikarirken;
esnek, katilimer ve kalici tasarim yaklagimlarinin direngli kentlerin olusumuna

nasil katki sundugunu degerlendirecektir.
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2. KENTSEL DIRENCLILIK VE AFET SONRASI
YENIDEN YAPILANMA ILISKISi

Afetler; kentlerin fiziksel yapisini, sosyal dokusunu, ekonomik isleyisini
ayni anda derinden etkileyen ¢ok boyutlu krizlerdir. Deprem, tsunami, sel ve
orman yangini gibi afetler fiziksel yikima yol agmaktadir. Bunun yani sira
sosyal baglarin zayiflamasina, ekonomik kirtlganligin artmasina ve mekansal
esitsizliklerin derinlesmesine de neden olmaktadir. Genel olarak direnglilik,
kentlerin afetler karsisinda yalmizca fiziksel dayanikliligini degil; uyum
saglama, 6grenme, toparlanma ve doniisme kapasitesini de igeren ¢ok boyutlu
bir kavram olarak ele alinmaktadir (Guo, 2012; Bozza vd., 2015; Etinay vd.,
2018; Chen vd., 2020; Birkmann vd., 2023; Aydin vd., 2025).

Chen vd. (2020) kentsel direncliligi uyum saglama (adaptability),
direnme (resistance) ve yeniden toparlanma (recovery) olmak tiizere ii¢ bilesen
iizerinden agiklamaktadir. Bu yaklagim, direngliligi sadece afet anindaki
performansla sinirli gérmeyip, afet dncesi hazirlik ve afet sonrasi iyilesme
stireclerini birbirine baglayan dinamik bir sistem olarak yorumlamaktadir.
Boylece direnglilik, salt miithendislik temelli bir saglamliktan ¢ok, toplumsal,
mekansal ve ekolojik boyutlartyla biitiinciil bir dayaniklilik bi¢imine
doniismektedir.

Guo (2012) Cin’in Sichuan bolgesinde yasanan 2008 depremi sonrasinda
ylriitiilen yeniden yapilanma siirecini inceleyerek, diren¢li gelisme-kalkinma
(resilient development) anlayigini kent 6l¢eginde tartigmaktadir. Caligmasinda
afet sonrasi planlamanin yalnizca acil barinma ve altyapi onarimina
odaklanmamasi gerektigini belirten Guo (2012) bunun yerine ekonomik, sosyal
ve cevresel sistemleri es zamanli olarak giiclendiren bir yeniden yapilanma
modelinin gelistirilmesi gerektigini vurgulamigtir. Guo’ya (2012) gore direngli
bir kent, afet Oncesi durumuna geri donmekle yetinmeyen; yasanan
deneyimlerden 6grenerek daha dayanikli ve uyumlu bir yapiya evrilen kenttir.
Bozza vd. (2015) de benzer bicimde, kentsel direncliligi teknik (altyapisal
dayaniklilik), organizasyonel (yonetim ve koordinasyon kapasitesi) ve sosyal
(topluluk uyumu) boyutlariyla degerlendiren entegratif bir c¢ergeve
onermektedir. Bu c¢aligmalar, afet sonrast yeniden yapilanmanin fiziksel
yenilemenin yani sira 6grenme ve doniisiim siireclerini de igermesi gerektigini

vurgulamaktadir.
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Direngliligin yonetsel ve kurumsal boyutuna odaklanan Etinay vd.
(2018), kavrami afet risk yonetimi (DRM) ve afet risk azalimi (DRR)
politikalariyla iliskilendirmektedir. Ancak gelismekte olan iilkelerde planlama
asamasinda vurgulanan bu stratejilerin uygulamada yonetisim, katilim ve bilgi
paylasimi eksiklikleri nedeniyle biitiinciil etki yaratamadigini vurgulamistir.
Dolayistyla afet sonrasi yeniden yapilanma, kentsel direnclilik anlayiginin
somut mekansal uygulamalarini igermektedir. Ancak, uygulamada karsilasilan
zorluklar, kaynak yetersizligi, esitsizlikler ve biitiinciil planlama eksikligi gibi
sorunlar, direnglilik hedeflerinin tam anlamiyla hayata gegirilmesini
engelleyebilmektedir. Literatiirde yapilan gilincel ¢alismalar, direnglilik
politikalarinin ¢ogu durumda pargali, sektdrel ve kurumsal sinirlar iginde
sekillendigini ortaya koymaktadir (Mohammadi vd., 2024; Merildinen, 2019;
Birkmann vd., 2023; Cetin ve Kirchherr, 2025). Direngliligin ¢oklu risk (multi-
risk) boyutunun uygulamada g6z ardi edildigini belirten Mohammadi vd.
(2024) pek c¢ok kentsel planlama siirecinin hala tekil afet tiirlerine (6rnegin
yalnizca deprem veya yalnizca sel) odaklandigini, bu nedenle farkli tehlikeler
arasindaki zincirleme etkilerin hesaba katilmadigini vurgulamaktadir.

Merildinen (2019) ise uygulamada direngliligin kurumsal diizeyde teknik
ve altyapisal odakli yaklasimlar ile yerel diizeyde 6z-Orgiitlenmeye dayali
topluluk temelli yaklasimlar olmak iki ayr diizlemde yiiriitiildiigiinii ifade
etmek icin “ikili direnglilik sdylemi (dual discourse)” kavramini
kullanmaktadir. Ancak bu iki diizeyin entegrasyonu zayiftir. Benzer bi¢imde
Birkmann vd. (2023), Almanya’daki yeniden yapilanma siiregleri iizerinden
kurumsal direnglilik ile topluluk direngliligi arasinda ciddi bir bosluk
bulundugunu belirtmektedir. Yukaridan-asag1 ve asagidan-yukar1 yaklagimlar
arasindaki bu uyumsuzluk, direnglilik stratejilerinin etkisini smirlamaktadir.
Birkmann vd. (2023), afet sonras1 yeniden yapilanma politikalarmin genellikle
teknik altyapi ve miihendislik ¢oziimlerine odaklandigini, buna karsin sosyal
ve kiiltirel direnglilik boyutlarinin  yeterince dikkate alinmadigini
vurgulamustir. Fiziksel onarimin dncelikli tutulmasi, topluluklarin afet sonrasi
psikolojik ve sosyo-ekonomik iyilesme siireclerini zayiflatmaktadir.
Direngliligin  biitiinciil bigimde saglanabilmesi icin, sosyal baglarin
giiclendirilmesi ve katilimci mekanizmalarin planlama siireglerine dahil

edilmesi gerekmektedir.
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Glincel arastirmalar, kentsel direncliligin salt fiziksel ya da kurumsal bir
siire¢ olmanin &tesinde; kiiltiirel kimlik, topluluk bellegi ve yerel aidiyet
dinamikleriyle sekillenen ¢ok katmanli bir olgu oldugunu ortaya koymaktadir.
Aydin vd. (2025), Antakya Orneginde kiiltiire] mirasin korunmasi ve egitim
yoluyla direngliligin giiclendirilebilecegini gostermistir. Arastirma, kiiltiirel
mirasin korunmasi, topluluk hafizasinin onarilmasi ve yerel kimligin yeniden
ingasmin, kentsel direncliligin sosyal bilesenlerini gii¢lendirdigini ortaya
koymaktadir. Jelenski (2018), kiiltirel miras odakli yeniden yapilanmanin
direncli kentler i¢in 6nemine dikkat ¢ekmistir. Ona gore kiiltiirel siireklilik ve
yerel kimligin korunmasi, afet sonrasi toparlanmada estetik oldugu kadar
psikolojik ve toplumsal bir direnglilik de saglamaktadir.

Afet sonrasi yeniden yapilanma genellikle barinma ve altyapr odakli
yuriitiilmekte; oysa direngli kentler i¢in esnek, kalici ve topluluk temelli
mekansal stratejiler gerekmektedir. Bu stratejiler konut iiretiminden kamusal
alan diizenlemelerine, ekosistem yonetiminden yer se¢imi politikalarina kadar
uzanan kararlarim biitiinlinli kapsamaktadir. Dolayisiyla afet sonrast yeniden
yapilanma ile kentsel direnglilik arasindaki iligki, fiziksel mekanin insasi ile
toplumsal iyilesmenin es zamanli ele alinmasini zorunlu kilmaktadir. Mimarlik
ve kentsel tasarim disiplinleri bu baglamda, yalmizca yikimi onarmakla
kalmayip, gelecekteki risklere karsi kapsayici ve adil yasam alanlar1 iiretme
potansiyelleriyle 6ne ¢ikmaktadir.

3. ALEJANDRO ARAVENA’NIN AFET SONRASI KONUT
VE YENIDEN YAPILANMA PROJELERI

Kentsel direnglilik, fiziksel onarimin yam sira toplumsal dayanigma,
mekansal esneklik ve cevresel uyum ilkelerini de kapsamaktadir. Bu ¢ok
boyutlu yaklagimi, mimarlik prati§inde somut bigimde ortaya koyan en énemli
orneklerden biri Silili mimar Alejandro Aravena ve onun liderligini iistlendigi
ELEMENTAL ekibidir.

Aravena’nin mimari yaklagimi, afet sonrasi yeniden yapilanmay1
“yeniden inga” siirecinden ¢ok, kentlerin daha adil, erisilebilir ve dayanikli
bicimlerde yeniden orgiitlenmesi i¢in bir firsat olarak gdrmektedir. Aravena’ya
gore mimarhigin temel sorusu, “nasil daha fazla insani, daha iyi yasam

kosullariyla, sinirli kaynaklar iginde barindirabiliriz?” sorusudur (Aravena,
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2011). Bu bakis acisi, ozellikle afet sonrasi durumlarda fiziksel konut
iiretiminin Otesinde toplumsal adalet, katilim ve kolektif {iretim ilkelerine
dayal1 yeni bir tasarim paradigmasina isaret etmektedir.

ELEMENTAL, kendini bir “think tank™ degil, bir “do tank” olarak
diisincenin uygulama iizerinden iretildigi bir pratik alani seklinde
tanimlamaktadir (Aravena, 2011). Bu yaklasim, mimarlig1 sadece estetik bir
disiplin ~ degil, toplumsal fayda iiretme aract olarak yeniden
konumlandirmaktadir. Aravena’nin projelerinde temel amag; diisiik gelirli veya
afet sonrasi kosullarda yasayan topluluklara kalici, biiyliyebilir ve kendi
kendine yetebilen yasam alanlar1 saglamaktir. Bu nedenle onun mimarligs,
“yardim” degil, kapasiteyi giliclendirme fikri etrafinda sekillenmektedir.

2016 yilinda Pritzker Mimarhk Odiili'nii kazanan Aravena, bu
yaklagimla “sosyal sorumluluk ve mekansal yaraticilig1 birlestiren” bir mimar
olarak tanimlanmistir (Moore, 2016). Jiiri, Aravena’y1 “insa edilmis ¢evreye
biitiinsel bir anlayisla yaklasan, sosyal sorumluluk, ekonomik talepler ve insan
yasam alani tasarimi arasinda giiclii bir bag kurabilen” bir mimar olarak
tanimlamistir (The Hyatt Foundation., t.y.). Bu nedenle onun calismalari,
mimarin roliinii dar bir tasarimci kimliginin 6tesine tasiyarak, sosyal, ekonomik
ve cevresel sistemler arasinda arabuluculuk yapan bir aktdr gibi yeniden
tanimlamaktadir.

Aravena, afet sonrasi yeniden yapilanmay1 “kriz sonrasi bir yeniden
baslama alan1” olarak gormektedir. Ona gore bu siire¢, yalnizca yapilari
onarmak degil, topluluklar1 giiclendirmek ve kentleri daha direncli kilmak i¢in
bir laboratuvardir (Duddy, 2018). Bu dogrultuda gelistirdigi projeler, li¢ temel
Olcekte kentsel direngliligi somutlagtirmaktadir:

1. Konut olcegi: Esnek, biiyliyebilir ve siirdiiriilebilir konut

tipolojileriyle bireysel diizeyde yasam siirekliliginin saglanmasi,

2. Topluluk 6lgegi: Katilmer {retim siirecleriyle toplumsal

dayanigmanin yeniden orgiitlenmesi,

3. Kentsel olcek: Ekolojik sistemler, kamusal alanlar ve altyapimin

entegre bi¢imde planlanmasi.

Bu yaklagimlar, Ozellikle “artimli konut (incremental housing)”
projelerinde belirginlesmektedir. Aravena’nin gelistirdigi “yarim ev (half-a-
house)” modeli, konutu tamamlanmig bir nesne degil, zaman iginde
biiyliyebilen bir siire¢ olarak ele almaktadir. Bu fikir ilk kez 2004 yilinda
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Sili’nin Iquique kentinde uygulanan Quinta Monroy Konut Projesi ile hayata
gecirilmis; daha sonra Constitucion’daki Villa Verde Sosyal Konutlan ile
gelistirilmistir. O’Brien vd. (2020), bu modeli “resmi planlama ile gayriresmi
insa pratikleri arasinda koprii kuran hibrit bir konut stratejisi” olarak
tanimlamaktadir.

Aravena’ya gore mimarlik, “yoksullar i¢in yoksul konutlar inga etme”
pratiginin Otesinde, yoksullugun yarattigi mekansal ayrigmayi1 doniistirmeye
yonelik bir ara¢ olmalidir (Basulto, 2008). 2010 Sili depremi ve tsunamisi
sonrasinda Constitucion kentinde yiiriitiilen yeniden yapilanma projeleri —
Kiy1 Promenadi, Belediye Tiyatrosu, Kiiltiir Merkezi ve Villa Verde Sosyal
Konutlari— bu yaklasimin en kapsamli 6rneklerini olusturmaktadir. Aravena
burada yalnizca yapilar1 degil, tiim bir kentsel sistemi yeniden tasarlamis; dogal
ekosistemleri afet bariyeri, kamusal alanlar1 toplumsal iyilesme araci olarak ele
almistir (Valencia, 2016; Moore, 2016). Bu projeler, afet sonrast donemde
gelistirilen mekéansal stratejilerin {i¢ temel ilkeye dayandigini gostermektedir:

¢ Ekolojik dayamklilik: dogal sistemlerin (orman, nehir, kiy1 hatti)

risk azaltma mekanizmalarina entegre edilmesi,

e Toplumsal dayamsma: tiyatro, kiiltlir merkezi gibi kamusal

mekanlarin kolektif iyilesme alanlarina doniistiiriilmesi,

e Barmma siirekliligi: incremental housing modeliyle kalici,

biiyiiyebilir sosyal konutlarin tiretilmesi.

Dolayisiyla Aravena’nin mimarligi, afet sonrasi yeniden yapilanma
baglaminda kentsel direncliligin ii¢ Olgekli pratigi olarak okunabilir. Bu
yaklagim; doga ile uyumlu, toplulukla birlikte gelisen ve uzun vadede esnek
bicimde doniisebilen bir mekansal sisteme karsilik gelmektedir.

3.1. Yangin Sonrasi Yeniden Yapilanma: Chusmisa Konut
Alam (2025, Sili)

Sili’de yangin felaketi yasayan Vifia del Mar kentinde, 6zellikle 2024°te
meydana gelen biiylik yanginin ardindan ELEMENTAL mimarlik ofisi ile yerel
yonetim is birligi iginde bir prefabrik konut projesi gelistirilmistir. Bu proje,
yangin sonrasi yeniden yapilanmanin hiz, maliyet ve Ol¢ek acisindan nasil
yeniden diigiiniilmesi gerektigini gosteren dikkat ¢ekici bir drnek olarak 6ne
cikmaktadir (Sekil 1).
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Sekil 1. Yangin Sonrasi Yeniden Inga, Chusmisa Konut Alani (Pifieiro, 2025)

2 Subat 2024'te meydana gelen yangin yaklagik 9,5 hektar alanda
yayilmis, 5.500 konutun yikimi ve yaklasik 132 can kayb1 meydana gelmistir
(Pifieiro, 2025). Bu dramatik yikimin ardindan, ELEMENTAL ve yerel
otoriteler ig birligi ile El Olivar mahallesinde Belediye tarafindan Kiiciik
Apartmanlar (Pequefios Condominios) olarak adlandirilan prefabrik modiillerle
insa edilecek pilot konut uygulamasi baslatilmistir (Pifieiro, 2025). Projenin
temel bilesenleri, afet sonrasi hizli, giivenli ve siirdiiriilebilir konut iiretimi
hedefi etrafinda sekillenmektedir. Bu kapsamda ELEMENTAL ekibi
tarafindan tasarlanan 63 m*’lik konut, sekiz prefabrik modiil ve {i¢ endiistriyel
cat1 modiiliinden olugmaktadir (Pifieiro, 2025). Modiiler sistem, gelik iskelet,
kompozit doseme ve galvaniz profilli duvar bilesenleriyle fabrikada
iretilmekte; sahaya tasindiktan sonra yalnizca bir giin iginde monte edilmekte
ve bes giin siiren son islem caligmalariyla tamamlanmaktadir (Pifieiro, 2025).
Yaklasik 223 milyon Sili pesosu biitceyle yiiriitiilen bu uygulama, afet sonrasi
kalic1 konut iiretimi icin deneysel bir pilot proje olarak konumlandirilmaistir.

Projenin en dikkat cekici yonlerinden biri, kamu-6zel sektor "pilot
projesi" igin yerin, belediye yetkilileri ve bolgesel iiniversitelerin is birligiyle
secilip degerlendirmesidir (Pifieiro, 2025). Bu baglamda proje ¢ok aktorlii bir
is birligi modelidir. ELEMENTAL bu projede acil barinma ihtiyacina yanit
vermekle smirli  kalmaylp, modiler sistemler aracilifiyla yeniden
uygulanabilir, esnek ve kalic1 konut ¢oziimleri gelistirmeyi hedeflemistir. Bu
yonilyle proje, yangin sonrasi yeniden yapilanma siirecinde mekansal
dayanikliligi, iiretim hiziyla biitiinlestiren yenilik¢i bir strateji ortaya
koymaktadir.
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3.2. Deprem ve Tsunami Sonrasi Kentsel Yeniden Yapilanma:
Constitucion Yeniden Yapilanma Projeleri (Constitucion,
2010 sonrasi)

"Yikilmis bir yerde yasiyorsaniz bu bir sonsuzluktur, ancak tiim bir
sehri yeniden tasarlamak i¢in ¢ok az zaman var." Alejandro Aravena
(Holcim Foundation, 2016a).

2010 yilinda Sili’yi vuran 8,8 biiyiikliiglindeki deprem ile tsunaminin

ardindan, Constitucion kenti 6nemli dlglide zarar gormiis; sehir, yerel halkin
yasam kosularinin iyilestirilmesi ve gelecege karsi direngli hale getirilmesi
amaciyla kapsamli bir yeniden yapilanma siirecine girmistir. ELEMENTAL
liderligindeki bu yeniden yapilanma siireci Constitucion Siirdiiriilebilir
Yeniden Yapilanma Plan1 (PRES) catis1 altinda yiiriitiilmiis; planin
hazirlanmasi i¢in 90 giin gibi kisa bir siire taninmistir (Holcim Foundation,
2016b). Plan, bina ve altyapinin yeniden ingasinin Gtesine gecerek; kentsel
sistemin tiim bilesenlerini, sehir i¢i ulagimi, kamu mekanlarini ve yesil alanlar
yeniden organize etmeyi amaglayan bir vizyona sahiptir.

Constitucion Siirdiiriilebilir Yeniden Yapilanma Planinin dikkat gekici
mekansal stratejileri arasinda kiy1r orman kusagi (coastal mitigation forest)
yaklasimi yer almaktadir. Bu kusak, tsunami dalgalarmin enerjisini %40’a
kadar azaltacak sekilde tasarlanmistir (Holcim Foundation, 2016b). Bu
dogrultuda, sehir kent hattina yakin alanlara degisken yogunlukta orman
kusaklar1 yerlestirilirken, binalarin kiy1 seridinden geri ¢ekilmesi, sahneye
kapalilik getirmeden, riskin en aza indirilmesini hedefleyen bir tampon sistem
olusturulmasi amaglanmistir (Holcim Foundation, 2016b) (Sekil 2).

= L Wi, 4 o N
Sekil 2. Deprem Sonrasi Constitucion ve Kente iliskin Gelecek Planlar1 (Long, 2015)

Konuta erigim stratejileri de planin 6nemli bilegenlerinden biridir. PRES,
“yarim ev  (half-a-house)” mantigiyla, devletin konutun yarisini
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tamamlamasini, kalan kismi ise kullanicilarin  kendi kaynaklariyla
tamamlamasini-genisletebilmesini 6nermektedir. Boylece kullanicilarin katkisi
ve esneklik pay1 korunurken, maliyet baskis1 hafifletilmektedir.

Kentsel peyzajda yeni diizenlemeler de stratejinin ayrilmaz pargasidir.
Maule Nehri agzindan Maguellines Limani’na uzanan sahil boyunca kentsel
promenadlar ve bisiklet yollar1 planlanmis, nehir bankalarma kamusal erisim
saglanmistir. Kent iginde kisi bagina diisen yesil alan standartlart 2,2 m?’den
6,6 m?*’ye cikarilacak sekilde iyilestirilmis, bu sayede hem kent ekolojisi hem
de kamusal kullanim kalitesi artirllmistir (Holcim Foundation, 2016b) (Sekil 3,
4).

Sekil 3. Sili'deki Tsunami Sonrasi Yeniden Yapilanma Ana Plani1 (Holcim Foundation,
2016b).
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No Ad: Durum
1 Sahil yiiriiyiis yolu Insa edildi
2 Kiy1 hatt1 ve plajlar Insa edildi
3 Yiizme havuzu Thale asamasinda
Mutrun spor sahasi Inga edildi
5 Taskin 6nleme parki / Koruma parki Ingaat halinde
6 Yaya kopriisii Proje asamasinda
7 Tahliye giizergahlar Insa edildi
Deniz iskelesi Insaat halinde
9 Kamusal meydan Proje asamasinda
10  Kamusal meydan Proje asamasinda
11  Okul Insa edildi
12 Constitucion Kiiltiir Merkezi Insa edildi
13 Halk Kiitiiphanesi Ingaat halinde
14  Kent Meydan ve Sivil Merkez Ihale asamasinda
15  Villa Verde konutlar Insa edildi

Sekil 4. Sili'de Tsunami Sonrasi Siirdiiriilebilir Yeniden Yapilanma Ana Plani
(Arquitectura Viva, 2025a)

3.2.1. Kentsel Olcekte Risk Azaltma ve Ekosistem

Stratejiler: Constitucion Kiy1 Promenadi ve Nautical Pier

Constitucion Kyt Promenadi-Sahil Gezinti  Yolu

Promenade, 2023, Constitucion, Sili)

Tabanh

(Seaside

Constitucion’un yeniden yapilanma siirecinde kiy1 seridinin yeniden

kurulmasi stratejik bir oncelik olarak ele almmistir. Constitucion Kiyi

Promenadi (Constitucion Seaside Promenade) projesi, Maule Nehri agzindan

Maguellines Limani’na kadar uzanan sahil boyunca konumlanan gdzlem

platformlar1 ile giicli bir kentsel aks olarak kurgulanmistir (Architect

Magazine, 2016). Bu yapilar, kent ile deniz arasindaki iliskileri yeniden

tanimlarken dogal kaya formasyonlarin1 vurgulayan bir peyzaj anlayisiyla

kurgulanmistir (Sekil 5).
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Sekil 5. Constitucion Kiy1 Promenadi, Sili (Landezine, 2023)
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Promenad hatti boyunca ayrica 4,5 km uzunlugunda bisiklet yolu ve
yayalastirilmis akslar tasarlanmistir (Architect Magazine, 2016). Bu durum
hem ulagimi iyilestirme hem de kamusal mekanin canlanmasi agisindan kentsel
stireklilige katki saglamaktadir.

Bu proje, “coastal mitigation park” 6gesini de icermektedir; kiy1 ile kent
arasindaki tampon bolgede orman kusagi ile harmanlanmis bir peyzaj sistemi
Onerilmistir. Bu sistem dalga enerjisini soniimlendirmek, sehirle deniz
arasindaki bariyer etkisini azaltmak ve kamusal erisim avantajlarini
pekistirmek amacindadir (Landezine, 2023). Bu yoniiyle kiy1 promenadi,
yalnizca bir yiriylis aksindan ibaret degildir. Kiy1 hattinin yeniden
tanimlanmasiyla beraber, kentsel direnclilik baglaminda {i¢ temel strateji bir
arada yuritilmektedir:

e Ekolojik tampon bdlgeler (yesil kusaklar) ile sahil hattinda dogal
bariyer yaratilmast,

e Kamusal akslarin gii¢lendirilmesi ile kentlinin denize erisiminin
artirilmasi,

e Tematik ulasim altyapisinin (bisiklet yolu, yayalastirilmis akslar)
entegrasyonu ile kiyr hattinin hem islevsel hem toplumsal degerinin
yiikseltilmesi.

Kisacasi Constitucion K1y1 Promenadi (Coastal Promenade), PRES plani

kapsamindaki kiyt yeniden yapilanmasinin mekansal ve islevsel vitrini

niteligindedir.
Nautical Pier (Muelle Nautico), (Constitucion, Sili)

2010 depremi ve tsunamisi sonrasinda gelistirilen PRES Constitucion
program1 kapsaminda tasarlanan Constitucion Kiy1 Promenadi, Maule
Nehri’nden Maguellines Limani’na uzanan bir dizi iskele ve seyir platformuyla
kamusal bir kiy1 rotas1 olusturmaktadir. Bu rotanin uzantisi olan Nautical Pier,

balikgilik, yiiriiyiis ve kamusal kullamim gibi ¢ok islevli faaliyetleri
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destekleyecek bigimde planlanmistir. Tasarim, tsunami riskine fiziksel bariyer
yerine acik alan diizenlemesi ve kontrolli kullanim stratejisiyle yanit
vermektedir (Sekil 6).

Sekil 6. Nautical Pier, Sili (ELEMENTAL, 2025a)

3.2.2. Kamusal ve Kiiltiirel Altyapilar: Constitucion Belediye
Tiyatrosu ve Constitucion Kiiltiir Merkezi
Constitucion Belediye Tiyatrosu (Municipal Theater of

Constitucion, 2023, Constitucion, Maule, Sili)

Constitucion Belediye Tiyatrosu, 2010 depremi ve tsunamisi sonrasi
kentte yeniden canlandirilmasi istenen kiiltiirel altyapi 6gelerinden biridir.
Proje, ELEMENTAL tarafindan Alejandro Aravena bagkanliginda tasarlanmig
olup, Juan Cerda proje yoneticisi olarak rol almistir (MCHAP, 2025). Proje
2024 y1l1 Mies Crown Hall Amerika Odiillerine aday olmustur.

Proje Onerisi “kutu iginde kutu” (box within a box) prensibiyle
kurgulanmus; i¢ kutu tamamen tiyatro salonunu barindirirken, dig kutu ise yerel
ahsap yapisiyla cevre baglamma uyum saglamak {izere dislinilmistiir
(MCHAP, 2025). Bu ikili yap1 arasinda birakilan derin agikliklar, fuaye
alanlarina dogal 151k ve ¢apraz hava akisi saglamaktadir. Kapali ylizeyler zaman
zaman projeksiyon ylizeyi olarak kullanilmakta; agikliklar ise halka agik agik
hava etkinlikleri i¢in sahne iglevi gorebilmektedir (MCHAP, 2025). 500 kisilik
tiyatro salonu; orkestra ¢ukuru, yan sahneler ve farkli performans tiirlerine
uygun arka sahne diizeniyle tasarlanmistir. Salonun, yapinin g¢evresindeki
mevcut yapi yiikksekligiyle uyum saglamak amaciyla zemin kotunun altinda
konumlandirildig goriilmektedir (MCHAP, 2025) (Sekil 7).

Bina sadece kapali salon olarak degil, ayni zamanda c¢evresindeki
meydanlarla etkilesim i¢inde olacak sekilde tasarlanmistir. Derin agikliklar dig
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sahne kullanimlarina, kapali cephe yiizeyleri ise acik hava sinema
gosterimlerine uygun yapidadir. Bu sayede yapi, tiyatro salonunun yani sira
yaklasik 3.000 kisilik meydan etkinlikleri alanina doniisebilmektedir (MCHAP,
2025).

Sekil 7. Constitucion Belediye Tiyatrosu, Sili (MCHAP, 2025)

Constitucion Kiiltiir Merkezi (Constitucion Cultural Center,

2010-2015, Constitucion, Sili)

Constitucion Kiiltiir Merkezi, sehir merkezindeki bir meydanin
giineyinde konumlanmis olup, 2010 yilinda yasanan deprem ve tsunaminin
ardindan uygulamaya konulan Siirdiiriilebilir Yeniden Yapilanma Plani (PRES)
kapsamindaki 6nemli kamu yapilarindan biridir. Kiiltiir merkezi, kentlilerin
katilimiyla belirlenen 6ncelikli projeler arasinda yer almis ve merkezi konumu
sayesinde kentin yeniden yapilanma siirecine katki saglamistir (Arquitectura
Viva, 2025b.).

Bina, diizenli, dikddrtgen bir prizma olusturan biiyiik ahsap kaburgalarin
ardisik dizilimiyle olusturulmus, ¢ift yiikseklikte bir revaktan olusmaktadir. Bu
kompozisyon, revagi kurumsal yapilarin karakteristik mekanlarindan biri
haline getirmeyi ve ayni zamanda cevresel, kentsel ve sembolik bir isleve
sahiptir. Hacmin i¢ mekani, topluluga kullanim ve yerlesiminde tam bir
Ozgiirliik taniyan birkac¢ bagimsiz ve esnek mekana boliinmiistiir (Arquitectura
Viva, 2025b.) (Sekil 8).

Sekil 8. Constituci()h Kiiltiir Merkezi, Sili (ArchDaily, 2016)
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3.2.3. Sosyal Konut ve Barinma: Villa Verde Sosyal Konut Projesi

(2013, Constitucion, Sili)

Villa Verde Sosyal Konut Projesi (2009-2013, Constitucion, Sili)

2010 depremi ve tsunamisi sonrasinda Constitucion kentinde yiiriitiilen
yeniden yapilanma siirecinin bir parcgasi olarak gelistirilen Villa Verde Konut
Projesi, Alejandro Aravena liderligindeki ELEMENTAL ekibinin “artimli
konut” (incremental housing) yaklasimini somutlastirdigi en kapsamli
orneklerden biridir. Proje, aymi zamanda Arauco Orman Sirketi’nin
calisanlarina konut saglamak amaciyla baslattig1 6zel bir sosyal konut programi1
kapsaminda tasarlanmistir (ArchDaily, 2013). Bu is birligi, kamusal destekli
sosyal konut politikalari ile 6zel sektor katiliminin birlestigi yenilik¢i bir model
olusturmustur (Sekil 9).

Sekil 9. Villa Verde Sosyal Konut Projesi, Sili (ELEMENTAL. (2025b)

Toplam 484 artimli konuttan olusan Villa Verde yerlesimi, Fondo
Solidario de Vivienda I-II (FSV) programmin mali sinirlar iginde, disiik
maliyetli ancak genisleyebilir konutlar iiretme hedefiyle gelistirilmigtir
(ArchDaily, 2013). ELEMENTAL’in tasarim siireci, dikey apartman bloklar
yerine, kullanict katilmui ile gelistirilen iki kathi sira konutlar iizerine
odaklanmistir (Kapoor, 2025).

Her konut birimi baslangicta 57 m? olarak teslim edilmekte; tasiyici
sistem, cati, 1slak hacimler ve merdiven gibi temel bilesenler tamamlanmig
halde kullanictya sunulmaktadir. Birimlerin zaman i¢inde 85 m?’ye kadar
genisletilmesi Ongoriilmiistiir (Arquitectura Viva, 2025c). Bdylece konut,
“bitmig bir Uriin” olmaktan ¢ikip yasamla birlikte evrilen bir siirece
doniismektedir. ELEMENTAL ekibi, dnceki ekonomik konut tipolojilerinden
farkli olarak, sinirli biitgeleri nitelikli mekansal ¢oziimlere doniistiiren rekabetci

bir model gelistirmeyi amaclamistir. Bu kapsamda, insaat maliyetlerinden
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saglanan tasarruf, kullanicilarin kendi katkilarryla tamamlayabilecegi mekansal
bosluklarin tasarimina yonlendirilmistir. Proje, kademeli insa yaklagimini
siirdiiriirken hem baslangic hem de nihai durum i¢in daha yiiksek yapisal ve
mekansal standartlar dngérmektedir (ArchDaily, 2013) (Sekil 10).

Sekil 10. Villa Verde’nin Orijinal ve Genisletilmis Kat Planlar1 (Arquitectura Viva,
2025c¢)

Konutlar ahsap ve betonarme tasiyici sistemin birlikte kullanildig: iki
katli sira ev bloklar1 bi¢imindedir. Plan tipolojisinde zemin katta oturma alani,
mutfak ve banyo; iist katta iki yatak odasi bulunmaktadir (Kapoor, 2025). Her
birim, 6n ve arka bahgeleriyle 6zel dis mekan kullanimi saglar. Her bir konut
birimi, kullanici konforunu artiracak bigimde 6zenli i¢ mekan donanimlariyla
tasarlanmistir. Glines enerjili su 1sitma sistemi, banyolarda kiivet ve dus alani,
mutfaklarda ise bulasik makinesi gibi 6geler, projede gorece yiiksek yasam
standartlarin1 yansitmaktadir (Kapoor, 2025). Mimarlar, yapinin yalnizca
islevsel degil ayn1 zamanda baglamsal kosullara da yanit vermesini hedeflemis;
bu dogrultuda, bolgenin iklimsel 6zelliklerini dikkate alarak 1s1 ve ses yalitimi
giiclii, depreme dayanikli konut birimleri gelistirmislerdir.

Constitucion’daki projeler, afet sonrasi yeniden yapilanmanin yalnizca
konut ingastyla sinirli olmadigini; bunun yerine biitiinciil bir kentsel sistemin
yeniden kurgulanmasi gerektigini ortaya koymaktadir. Bu kapsamda projeler,
kentsel, toplumsal ve konut 6lgeklerinde farkli direnglilik katmanlarini temsil
eder:

e Kentsel Olgekte, kiyr promenadi ve ekosistem temelli planlama

yaklagimlariyla risk azaltma ve dogayla uyumlu bir mekénsal strateji

gelistirilmistir.
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e Toplumsal Slgekte, tiyatro ve kiiltiir merkezi gibi kamusal yapilar

araciligiyla sosyal dayanisma ve kiiltiirel direnglilik giiglendirilmistir.

e Konut 6l¢eginde ise, Villa Verde 6rneginde oldugu gibi, esnek ve

kademeli olarak genisleyebilen sosyal konut tipolojileriyle barinma
kapasitesi artirilmigtir.

Boylece, Constitucion’daki yeniden yapilanma siireci doga ve risk
yonetimi, toplumsal ve kiiltiirel direnglilik ile barinma ve sosyal konut tiretimi
olmak {izere li¢ temel katmanda kentsel direnglilik yaklagimini biitiinciil
bicimde yansitmaktadir.

3.3. Artimh Konut (Incremental Housing) Prototipleri (Sili,

Meksika, 2000-2010’lar)

Quinta Monroy Konut Projesi (2004, Iquique, Sili)

ELEMENTAL’in Quinta Monroy projesi, Sili’nin kuzeyinde yer alan
Iquique kentinde gelistirilmistir. Projenin temel amaci, kentin merkezinde yer
alan son gayriresmi yerlesim alanlarindan birinin iyilestirilmesi (kentsel
yenileme yoluyla doniistiiriilmesi) olmustur. S6z konusu yerlesim, 1960’11
yillarda agirlikli olarak bolgeye goc eden ailelerin araziyi isgal ederek
konumlanmalariyla ortaya ¢ikmistir. Zamanla niifus artmis; baslangicta 50 aile
tarafindan kurulan topluluk, 2003 yilina gelindiginde 100 aileye ulagmistir.
Yaklasik 5.722 m? biiyiikliigiindeki alan, ilk donemlerde bazi hanelere kiigiik
Olcekli tarimsal tiretim (bahge veya iirlin yetistirme) olanagi tanimigtir. Ancak
niifusun artmasiyla birlikte bu kullanim alanlar1 giderek azalmis, yerlesim alani
giderek yogun ve labirentimsi bir mekansal orgliye doniismiistiir. Barmaklar
cogunlukla ahsap ve gecici malzemeler kullanilarak kendin-yap (self-
constructed) yontemlerle insa edilmistir. Yasam kosullar1 son derece
yetersizdir; konutlarin yaklasik %60’inda dogal aydinlatma ve havalandirma
bulunmamaktadir (Iacobelli ve Aravena, 2008).

2000°1i yillarin baginda, yerlesimin yoneticisinin (idarecisinin) 6liimii,
arazinin miilkiyetine iligkin belirsizliklere ve tahliye tehditlerine yol agmistir.
Bu durum karsisinda yerlesim sakinleri orgiitlenmis ve devletten, mevcut
konumlarinda kalmalaria imkéan taniyacak kalici bir konut ¢éziimii talebinde
bulunmustur. Sili hiikiimeti, bu talep iizerine Katolik Sili Universitesi
(Pontificia Universidad Catolica de Chile) araciligryla ELEMENTAL ekibiyle
iletisime gecmis ve Quinta Monroy’'un kentsel-mimari tasarimini
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iistlenmelerini istemistir (Bkz. Sekil 1). Quinta Monroy, Bor¢suz Dinamik
Sosyal Konut Programi (Programa de Vivienda Social Dindmica sin Deuda)
kapsaminda insa edilmistir. Konutlarin tamamlanmasinin ardindan sakinler
miilkiyet hakkina kavusmus, bu miilkiyet modeli ise ortak miilkiyet esasina
dayali konut kompleksi (residential condominium joint ownership) bi¢ciminde
diizenlenmistir (Carrasco ve O’Brien, 2021).

ELEMENTAL, Quinta Monroy projesinin tasarim ve uygulama
stirecinde hem insaat 6ncesinde hem de insaat siiresince katilimci bir planlama
yaklagimimi benimsemistir. Bu siireg, 6zellikle yerlesim sakinlerinin gegici
olarak bagka alanlara tasmmmasini gerektiren donemde kritik bir 6neme sahip
olmustur. Ancak bazi sakinler, bu gecici tagimmayi1 devlet tarafindan
gerceklestirilen kalici bir tahliye girisimi olarak yanlis yorumlamislardir.
Bununla birlikte, projenin geri kalan asamalar1 sakinlerle siirekli iletisim ve
istisareye dayal1 olarak yiiritiilmiistiir. Bu kapsamda ELEMENTAL ekibi,
yerlesim diizeninin olusturulmasi, biit¢e kisitlarinin degerlendirilmesi, konut
birimlerinin se¢imi, alan gezileri, gelecekteki konut genisletme stratejilerinin
belirlenmesi ve yerlesimin bakimina iligkin karar siiregleri gibi konularda
katilimei galistaylar diizenlemistir. Bu yaklasim, yerel toplulugun tasarim ve
uygulama siireclerinde aktif bir 6zne haline gelmesini saglamis ve projenin
stirdiiriilebilirligini giiclendirmistir (Aravena ve lacobelli, 2016).

Quinta Monroy projesi, Sili’de siibvansiyon temelli konut {iretimini
diizenleyen yasal ¢ergeve icinde sosyal konut anlayisinin gelisiminde bir
doniim noktasimi temsil etmektedir. Projenin etkileri, sosyal konut pratiginde
daha 6nce benzeri goriilmemis bir yenilik diizeyine ulagmistir, ELEMENTAL
ekibi, bu projede formel olarak insa edilmis gecirgen bir yapi kurgusu
tasarlamis ve bu kurgu araciligiyla konutlarin kullanicilar tarafindan zaman
icinde gerceklestirilecek Ongoriilemeyen kendin-yap (self-built) eklentilere
imkén tanimistir. Saglam bir yapisal cergeve sunulmasinin temel amaci,
konutlarin deger kaybin1 6nlemek ve deprem gibi afet durumlarinda yikilma
riskini azaltmak olmustur. Bu kapsamda ELEMENTAL, konutlarin ileride
yapilacak genisletmelerine iliskin paylasilan ve toplumsal uzlasiyla belirlenmis
kurallar biitiinii gelistirmistir (Aravena, 2010).
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Lo Barnechea Konut Projesi (2008-2014, Santiago, Sili)

Lo Barnechea, Santiago’daki en biiyiik gayriresmi yerlesim alaninda
yasayan 880 aileye yonelik, yeterli ve nitelikli konut saglamay1 amaglayan bir
konut projesidir. Proje, kentin yiiksek gelirli bolgelerinden biri olan Lo
Barnechea mabhallesinde, Mapocho Nehri kiyisinda konumlanmaktadir. Bu
bolgedeki arsa degerleri oldukca yiiksektir; c¢iinkii cevrede is olanaklari,
okullar, saglik hizmetleri, marketler ve agik yesil alanlara yakinlik
bulunmaktadir. Konut projesi, ailelerin yerinden edilmesini 6nlemek amaciyla,
dort asamada uygulanmis ve toplamda 770 gayriresmi konut alaninin yerini
almistir. Projenin ilk asamasi olan Lo Barnechea I, 130 ailenin konut ihtiyacini
kargilamaktadir (Scrip, 2025).

Lo Barnechea konut projesinin temel ve kapsayict amaci, bolge
genelinde dagmik bicimde konumlanmis gecekondu yerlesimlerini, diisiik
maliyetli ve diizenli sosyal konutlarla dontistiirmektir. Bolgedeki giicli
toplumsal aglarin korunabilmesi amaciyla, devlet fonlarinin biiyiik bir kismi
arsa alimina yonlendirilmistir; boylece, nitelikli bir konumda diisiik maliyetli
sosyal konut iiretimi saglama taahhiidii verilmistir. Projenin konumu, tasarim
kararlarinda belirleyici bir unsur olarak goriilmiistiir; bu nedenle, ek bir
metrekare konut inga etmek yerine, daha iyi niteliklere sahip bir metrekare arsa
i¢in yatirim yapilmistir (Scrip, 2025) (Sekil 11).

Sekil 11. Lo Barnechea Konut Projesi (Arquitectur Viva. , 205d).

Proje, kademelilik (incrementality) kavrami iizerine temellendirilmistir.
Mimar Alejandro Aravena’ya gore, bu tiir konut projelerinde gdzetilmesi
gereken li¢ temel denge unsuru bulunmaktadir: algak katli ancak yiiksek
yogunluklu yerlesim, agir1 kalabaliklagmay1r Onleme ve zaman icinde
genislemeye olanak tanima (yani, sosyal konuttan orta sinif konuta doniisme
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potansiyeli). Lo Barnechea konut projesi, bu ilkeler dogrultusunda her biri 40
m? baslangig alanina sahip 150 bireysel konut birimi ile bir toplum merkezinin,
25.195 m? biiyiikliigiindeki bir arsa {lizerinde inga edilmesini amaglamaktadir
(Scrip, 2025).

Monterrey Konut Projesi (2010, Monterrey, Meksika)

Santa Catarina, Meksika'nin kuzeybatisindaki Nuevo Leon eyaletinde
bulunan 230.000 niifuslu bir sehirdir. Bu proje, ELEMENTAL'n Sili disindaki
ilk projesidir. Meksika’nin Nuevo Ledn Eyalet Hiikiimeti, Santa Catarina’da
yer alan orta siif bir yerlesim alaninda, 0,6 hektarlik bir arazi tizerinde 70
konuttan olusan bir yerlesim grubunun tasarlanmasi goérevini tarafimiza
vermigtir. Belirlenen yogunluk diizeyi, daha once Iquique icin gelistirilmis
konut tipolojisinin burada da uygulanabilecegini gostermistir. Bununla birlikte,
Santa Catarina’nin iklimsel 6zellikleri, Sili’nin kuzeyinde yer alan Iquique’in
¢ol ikliminden belirgin bi¢imde farklidir. Yillik ortalama 600 mm diizeyindeki
yagis miktari, Onerilen tasarimin bu yeni ¢evresel kosullara uyarlanmasini
zorunlu kilmistir (Archdaily, 2010) (Sekil 12).

Sekil 12. Monterrey Konutlar1 (ArchDaily, 2010)

Konut kompleksi, dikdortgen bicimli bir ada lizerinde, avlu ¢evresinde
siralanmig konut bloklar1 ve bir cadde gegidine olanak taniyan ek bir diziyle
diizenlenmistir. Bu planlama, arazinin verimli kullanimimi saglarken kentsel
Olcekte dengeli bir yogunluk olusturur. Biitgenin biiyiik kismi merkezi
konumdaki arsa edinimine, yalnizca %?20’si ise konut yapimina ayrilmistir.
Birimler, Quinta Monroy’dakine benzer bi¢imde zemin katta daire, {istte
dubleks olarak tasarlanmig; ancak alanlari, genisletmelerle orta sinif
standartlarina ulasabilecek sekilde biiyiitiilmiistiir. Santiago’daki tipolojinin
gelistirilmis versiyonu olan yapim sistemi, tiim insa edilebilir hacmi kapsayarak
kullanicilarin ileride g¢ati tamamlama gereksinimini ortadan kaldirmaktadir
(Neighbourhood Guidelines, 2025).
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Monterrey konut kompleksi, ii¢ katli kesintisiz bir yapidan olugmakta;
zemin katta tek katli bir konut, {istte ise iki katl bir daire yer almaktadir. Her
iki birim, baglangicta 40 m?’lik “ilk yar1” olarak teslim edilmek iizere, nihai orta
sinif standartlarina ulasabilecek bigimde tasarlanmistir. Islak hacimler, mutfak
ve merdiven gibi teknik boliimler genisletilmis senaryoya (yaklasik 58 m?’lik
ev ve 76 m?’lik daire) gore boyutlandirilmigtir. Biiylimenin yapi i¢inde
gerceklesmesini saglayan gozenekli sistem, kendi kendine inga siirecine olanak
tamimaktadir. Bu yaklagim, cevresel bozulmay1 dnlemeyi ve her birim igin
kontrollii bir genisleme ritmi olusturmayr amaglamaktadir. Kesintisiz cati,
yagistan koruma saglarken yapinin kamusal alana yonelen siluetini
giiclendirmektedir. Ayrica, yesil alanlarin binalarla gevrelenmesi, konut ile
ortak alan arasindaki mesafeyi azaltarak bakim ve sosyallesme i¢in giivenli,
erisilebilir bir kolektif alan tanimlamaktadir (ArchDaily, 2010) (Sekil 13).

Sekil 13. Monterrey Konutlart Kat Planlart (ArchDaily, 2010)

4. ARAVENA’NIN AFET SONRASI

PROJELERINDEKI MEKANSAL STRATEJILER VE

KENTSEL DIRENCLILIK iLKELERI

Alejandro Aravena’nin afet sonrast mimarlik yaklasimi, kentsel
direncglilik kavramini yalnizca fiziksel dayaniklilikla smirli gérmeyip,
toplumsal, ekolojik ve ekonomik boyutlariyla ele alan biitiinciil bir model
olarak 6ne ¢ikmaktadir. Aravena’nin liderligini iistlendigi ELEMENTAL ekibi,
afet sonrasi yeniden yapilanmayi bir “yeniden insa” siireci olmaktan ¢ikararak,
kentlerin daha adil, erisilebilir ve esnek bicimlerde yeniden orgiitlenmesi igin
bir firsat alan1 olarak degerlendirmektedir. Bu baglamda Aravena’nin projeleri,
mimarlig1 sosyal fayda iiretme, topluluklar1 giiclendirme ve dogal sistemlerle

uyumlu mekansal ¢oziimler gelistirme pratigi olarak yeniden tanimlamaktadir.
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Onun tasarim yaklasimi, afet sonrasinda ortaya ¢ikan kriz durumlarini, kentsel
doniisiim ve topluluk dayanikliligi igin yenilikgi birer laboratuvar olarak gortir.

Aravena’nin projelerinde O6ne ¢ikan mekansal stratejiler, esneklik,
katilimeilik, ekolojik biitiinliik ve c¢ok katmanli Olgek yaklagimi ilkeleri
etrafinda sekillenmektedir. Esneklik, “artimli konut” (incremental housing)
modelinde somutlagmakta; konutun tamamlanmis bir nesne degil, kullanici
tarafindan zaman icginde gelistirilen yasayan bir siire¢ oldugu fikrini
desteklemektedir. Bu yaklagim, afet sonrasi gegici barinma ¢oziimlerinin
Otesinde, uzun vadeli ve kendi kendine yetebilen yasam alanlarinin ingasini
mimkiin kilar. Katilimeilik, Aravena’nin “do tank” olarak tanimladigi
ELEMENTAL pratiginin merkezindedir; tasarim siirecine yerel topluluklarin
dahil edilmesi, projelerin hem sosyal kabuliinii hem de siirdiiriilebilirligini
artirmaktadir. Bu sayede kullanicilar yalnizca yararlanici degil, iiretici aktorler
haline gelmektedir.

Bir diger temel strateji olan ekolojik biitiinliik, Aravena’nin projelerinde
doga-temelli ¢oziimlerin mekansal tasarimla biitiinlestirilmesi bigiminde
karsimiza ¢ikar. Constitucion kiyr promenad: ve kiyr orman kusagi gibi
orneklerde goriildiigii iizere, dogal sistemler yalnizca estetik bir unsur degil,
afet riskini azaltan ekolojik altyapilar olarak ele alinir. Bu yaklagim, fiziksel
koruma ile sosyal erigimi aymi mekansal diizlemde bulusturan hibrit bir
direnclilik anlayisi olusturur. Ayrica Aravena’nin projeleri, kentsel ve mimari
Olcek arasindaki biitiinliigli koruyarak direnclilik kavramini ¢ok katmanl
bi¢cimde igler. Kamusal yapilar —6rnegin Constitucién Belediye Tiyatrosu veya
Kiultiir Merkezi— afet sonrasi kolektif iyilesme ve sosyal dayanigsma mekanlari
olarak toplumsal direngliligi desteklerken; konut 6l¢eginde gelistirilen artiml
tipolojiler bireysel diizeyde yasam siirekliligini saglar.

Bu mekansal stratejilerden tiireyen kentsel direnglilik ilkeleri, ekolojik
duyarliligi, topluluk katilimini ve uzun vadeli siirdiiriilebilirligi ayni sistemde
biitiinlestirir. Aravena’nin modelleri, Sili ve Meksika’daki uygulamalarda
oldugu gibi, farkli baglamlara uyarlanabilir esnek tasarim mantigryla kiiresel
Olcekte referans niteligi tasir. Bununla birlikte, kullanicilarin ekonomik
olanaklarmin sinirl oldugu baglamlarda artimli konutlarin tamamlanma siireci
uzayabilmekte ve gegici barinma ihtiyacina dogrudan yanit verememektedir.
Bu durum, Aravena’nin yaklagimmin giiglii yanlarin1 —katilimcilik, kalicilik,
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doga-temelli tasarim— desteklerken; ayni zamanda sosyal esitsizliklerin
giderilmesi ve dlgeklenebilirlik agisindan yeni tartisma alanlar iiretmektedir.
Aravena’nin afet sonrast mimarlik pratigi, mimarligin yalnizca mekansal
onarim degil, ayn1 zamanda toplumsal direnglilik iliretme kapasitesine sahip bir
ara¢ oldugunu gdstermektedir. Onun projeleri, kentsel direncliligi doga, toplum
ve yap1 6lgeklerinde bir araya getiren ¢cok katmanli bir paradigma énermektedir.
Bu paradigma, gelecekteki afet sonrasi planlama politikalari igin mimarligin
stratejik roliinii yeniden diisiinmeyi, krizden 6grenme ve dayanisma odakli bir

kentsel doniigiim kiiltiiriiniin ingasin1 gerekli kilmaktadir (Tablo 1).

Tablo 1. Aravena’nin Afet Sonras1 Projelerindeki Mekansal Stratejiler

Proje Yer /Y1l Afet / Baglam Mekénsal Stratejiler
Hizli montaj ve modiiler yapi,
- Orman yangini . .
Chusmisa Sili, 2025 sonrasi veniden esnek yapi sistemleri, Kamu-
Konut Alam ’ a 11ana ozel ortakligi- aktor katilim,
yap Pilot model ve cogaltilabilirlik
Constitucion Sy 2010 depremi + Kamusal mekanlarin afet
. Constitucion, 5
Belediye . tsunami sonrasi sonrasi sosyal dayanismay1
. Sili, 2023 . . . .
Tiyatrosu yeniden yapilanma giliclendirmesi
Constitucion L . Kiiltiirel odakl1 toplumsal
o Constitucion, Tsunami sonrasi . -
Kiiltiir Sili, 2015 Kentsel ivilesme direnglilik, kamusal alan
Merkezi ’ yues stirekliligi
Constitucion COHStl'tl'ICIOl‘l, Tsunami riski yiiksek Doga} barlye_rler (onnan,.k{yl
Kiy1 Sili, lavi seridi ¢cizgisi), ekosistem temelli risk
Promenadi 2010 sonrasi e azaltma
Nautical Pier  Constitucion, Deprem + tsunami Toplumsal yasami kiyiya geri
(Muelle Sili, sonrasi kentsel kiy1 kazandirma, risk bilinci ile
Nautico) 2010 sonrast alani mekansal diizenleme
Incremental Housing
Villa Verde Constitucion, 2010 depremi sonrasi modelinin gelistirilmis
Sosyal Konut Sili, 2009- ig¢i smifina yonelik versiyonu; ¢ekirdek ev +
Projesi 2013 konut ihtiyaci biiyiime potansiyeli; topluluk
katilim1 ve kalic1 konut iiretimi
Quinta . - Yoksul ve afet riski Ik yarim ev modeli;
Iquique, Sili, . esneklik, kullanici katilima;
Monroy altindaki kentte konut o L
Konut Proiesi 2004 o diisiik maliyetli ve
) '8 uyarlanabilir kalic1 ¢6ziim
. N Kentsel kirilganik Yogunluk ve erisilebilirligi
Lo Barnechea  Santiago, Sili asavan diisiik eelirli dengeleyen sosyal konut;
Konut Projesi 2008-2014 yasayan Cusuk & kirtlgan topluluklarin kentsel
gruplar i¢in konut . N
direncliligini artirma
Afet riski ytliksek Incremental Housing
Monterrey Monterrey, bolgelerde diisiik modelinin uluslararasi
Konut Projesi Meksika, 2010  gelirli topluluklar igin uyarlamasi; diisiik maliyetli,
konut esnek ve kalict konut ¢6ziimii
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5.SONUC

Aravena’nin projelerinde gelistirilen mekansal stratejiler, afet sonrasi
iyilesme siirecinde farkli Olgeklerde biitiinciil bir direnglilik modeli
sunmaktadir. Konut Olceginde Incremental Housing yaklasimiyla esnek,
biiyiiyebilir ve uzun Omiirlii konut tipolojileri gelistirilmektedir. Topluluk
Olceginde kullanict katilimima dayali {iretim siirecleri, kolektif dayanigsmay1
giiclendirirken aidiyet duygusunu pekistirmektedir. Kentsel dl¢ekte ise doga-
temelli risk azaltma yontemleri, ekosistemle uyumlu bir mekansal kurgunun
temelini olusturmaktadir. Constitucion orneginde oldugu gibi, kamusal
mekanlarin ve kiiltiirel altyapilarin afet sonrasi siireglerde toplumsal iyilesmeyi
destekleyen araclara donilismesi, Aravena’nin mimarligia biitliinciil bir
direnclilik karakteri kazandirmaktadir.

Bu ¢ok katmanli yaklasim, afet sonras1 yeniden yapilanmanin yalnizca
barinma ihtiyacina yanit vermekle sinirli olmadigini, ayn1 zamanda gelecege
doniik bir 6grenme, uyum ve doniisiim kapasitesi insa ettigini gdstermektedir.
Aravena’nin  mimarligr, mekan1 bir toplumsal {iretim alani olarak
konumlandirirken, kirilgan topluluklarin kendi yasam g¢evrelerini doniistiirme
potansiyelini aciga cikarir. Bu yaklasim, afet sonrasi yeniden yapilanma
stireclerini, digsal yardima bagimli bir iyilesme pratiginden ¢ikararak,
topluluklarin kendi kapasitelerini harekete gecirdigi bir ‘direnglilik iiretim
alani’na doniigtiirmektedir.

Ancak bu yaklasimin bazi smurhliklari bulunmaktadir. Ozellikle
kullanicilarin ekonomik olanaklarin simirli oldugu baglamlarda Incremental
Housing modelinin tamamlanma siireci uzamakta, bu da kisa vadede barinma
ihtiyacina yanit verme kapasitesini diisiirmektedir. Ayrica projelerin basarisi,
yerel yonetimlerin destegi ve topluluk katiliminin siirekliligi gibi digsal
faktorlere baglidir. Bu durum, Aravena’nin 6nerdigi modelin her baglamda
ayni etkiyi yaratamayabilecegini gostermektedir.

Sonug olarak, Aravena’nmn afet sonrasi projeleri, mimarhigin kriz
kosullarinda yalnizca mekéan {retmekle kalmayip, toplumsal direnglilik,
dayamisma  ve  adalet  kavramlarmi = da = mekéansal  diizlemde
somutlastirabilecegini gostermektedir. Onun pratigi, kentsel direnglilik
kavramina yeni bir anlam kazandirmakta; doga, toplum ve yapr 6l¢eklerini
entegre eden bir yeniden yapilanma paradigmast 6nermektedir. Bu paradigma,
gelecekteki afet sonrasi planlama politikalart i¢in disiplinlerarasi, katilimct ve
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ekolojik temelli bir yol haritas1 sunmaktadir. Ayrica Aravena’nin ortaya
koydugu bu yaklasim, farkli cografi, sosyal ve kiiltiirel baglamlarda
uyarlanabilir nitelikte olup; benzer afet sonrasi siireclerde uygulanabilecek
yontemlere ve gelecekteki akademik ve pratik c¢alismalara oOrnek teskil
etmektedir. Dolayistyla Aravena’nin yaklagimi, direngli kentlerin insasinda
mimarligin yalnizca bir tasarim araci degil, ayn1 zamanda sosyal doniisiimiin

aktorii oldugunu giiclii bicimde ortaya koymaktadir.
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1. GIRIS

Afetler, fiziki ¢evrede yikimlara yol agmanin 6tesinde milyonlarca insan
bir anda barinma hakkindan mahrum birakmakta ve mimarligin en temel
islevlerinden biri olan barmma olgusunu sinamaktadir. Depremler, savaslar, sel
ve tayfun gibi felaketlerin ardindan ortaya ¢ikan acil barinma ihtiyaci;
mimarlig1 hiz, ekonomi, dayaniklilik ve toplumsal iyilesme arasinda denge
kurmaya zorlamaktadir. Bu baglamda afet sonrasi barmnak tasarimlarinda
sadece gecici teknik ¢6ziim iiretilmemektedir. Bu tasarimlar siirdiiriilebilirlik,
ekolojik duyarlilik ve toplumsal iyilesme arayislariyla iliskili bir tasarim pratigi
olarak degerlendirilmelidir.

Tarihsel agidan bakildiginda, 6zellikle II. Diinya Savasi sonrasinda
Avrupa’da yikilan kentlerin yeniden insas1 ve miiltecilerin yerlestirilmesi i¢in
gelistirilen ¢6ziimler, modern mimarligin acil barinak konusunda deneysel bir
alan agmasina yol agmistir. Modernist mimarlar tarafindan {iretilen gegici konut
denemeleri; standartlagtirilmis elemanlar, prefabrikasyon ve hizli iiretim
teknikleriyle ¢oziimlenmistir. Ancak bu ¢dziimler ¢ogu zaman barinmanin
yalnizca fiziksel boyutuna odaklanmis, sosyal ve kiiltiirel ihtiyaclar1 geri planda
birakmistir. Malzemenin rolil bu noktada belirleyici hale gelmektedir. Diisiik
maliyetli, kolay erisilebilir ve yerel baglamda bulunabilir malzemeler afet
sonrast barinaklarin siirdiiriilebilirligini artirmaktadir. Ozellikle yeniden
kullanim, geri doniistiirme pratikleri ve atiklarin degerlendirilmesi karbon ayak
izinin azaltilmas1 ve topluluk katiliminin giliglendirilmesi agisindan kritik
oneme sahiptir. Boylece malzeme, teknik bir insaat girdisinin 6tesine gegerek
afet sonrasi toplumlarin yeniden ayaga kalkma siireclerinde ekolojik ve sosyal
bir aktor haline gelmektedir.

Bu cer¢evede, cagdas mimarlik i¢inde Shigeru Ban oOne c¢ikan bir
figlirdiir. Ban, oOzellikle kagit tipler kullanarak gelistirdigi barmak
sistemleriyle, afet sonrasi mimarlikta yenilik¢i bir yaklagim ortaya koymustur.
Shigeru Ban Architects’in resmi internet sitesinde ¢aligmalar farkli kategoriler
altinda smiflandirilmaktadir: Kagit Tiip Yapilar (Paper Tube Structure), Ahsap
ve Bambu Yapilar (Timber and Bamboo Structure), Evler ve Konutlar (Houses
and Housings), Kiiltiirel, Ticari, Akademik ve Digerleri (Cultural, Commercial,
Academic, Others), Sergi Tasarimlart (Exhibition Design), Yarismalar
(Competition), Gerceklesmemis Projeler (Unbuilt), Endiistriyel Tasarim
(Industrial Design) ve Afet Sonrast Yardim Tasarimlar1 (Disaster Relief
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Design). Bu siniflandirma, Ban’in mimarlik pratiginin genis yelpazesini
gostermektedir. Ancak bu kitap boliimiiniin amaci, Shigeru Ban’in 6zellikle
afet sonrast mimarlikta malzemenin yeniden kullanimina dayali yaklagimini
tartismak ve kagit tiiplerden gelistirdigi tasarimlarin-barimaklarin mimarlik
disiplini acisindan sundugu katkilar incelemektir.

2. AFET SONRASI BARINMA SORUNU VE MiMARIDE
MALZEMENIN YENIDEN KULLANIMI

Afet sonrasi barinma hem acil ihtiyaglarin karsilanmasi hem de uzun
vadeli siirdiiriilebilirlik agisindan mimarlik disiplininde 6nemli bir aragtirma
alanidir. Son yillarda bu alanda gegici barinma ¢éziimlerinde malzeme yeniden
kullanimi ve dongiisel ekonomi yaklagimlart 6ne ¢ikmaktadir. Literatiir,
stirdiiriilebilir gegici barimma i¢in dort temel tema etrafinda sekillenmektedir:
malzeme dongiiselligi, yerel ve geri doniistliriilmiis malzemelerin kullanimi,
tasarimda esneklik ve modiilerlik ile toplumsal katilm ve cevresel etki
(Kahvecioglu & Selguk, 2025; Karimi vd., 2023; Widyarko vd., 2021;
Montalbano & Santi, 2023; Celentano vd., 2019).

Tiirkiye’de ve diinyada yapilan arastirmalar, farkli malzemelerin yeniden
kullanimin1 ve modiiler sistemlerin entegrasyonunu giindeme getirmektedir.
Riizgar tiirbini kanatlarinin doniistiiriilmesi (Turhan vd., 2025), bambu ve ahsap
barinak kitleri (Dev & Das, 2021; Sulistiana vd., 2025), geri doniistiiriilmiis
plastik kullanimi (Moreno-Sierra vd., 2020) ve konteyner tabanli ¢oziimler
(Yildirim vd., 2025) bu baglamda 6ne ¢ikmaktadir. Tasarimlarda sokiilebilirlik
ve yeniden kullanim potansiyeli 6zellikle vurgulanan niteliklerdir (Arslan &
Cosgun, 2008). Bu yaklasimlar hem kaynak verimliligini artirmakta hem de
afet sonrasi barinaklarin kullanim émriinii uzatmaktadir.

Afet sonrasi barinma projelerinde malzeme yeniden kullaniminin
uygulanabilirligi her zaman sorunsuz degildir. Literatiirde bu baglamda
karsilagilan lojistik sorunlar, maliyet yiiksekligi, standartlarin eksikligi, yerel is
gilici  kapasitesinin yetersizligi ve tasarimda esneklik sorunlari sikca
tartisilmaktadir (Widyarko vd., 2021; Johnson, 2007; Atmaca & Atmaca,
2016). Ayrica bazi projelerde uzun vadeli siirdiiriilebilirlik ve geri doniistim
potansiyeli yeterince planlanmamus, gegici barinaklar kullanim siiresi sonunda
atik haline geldigi belirtilmistir (Arslan & Cosgun, 2008; Johnson, 2007). Bu
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durum, afet sonras1t mimarligin yalnizca hiz ve ekonomi degil, uzun siireli
stirdiiriilebilirlik ilkeleriyle birlikte ele alinmasi gerektigini gostermektedir. Bu
baglamda son yillarda yapilan caligmalar, gegici barinak tasarimlarinin
dongiisel ekonomi prensipleri c¢ergevesinde degerlendirilmesi gerektigini
ortaya koymaktadir. Malzeme dongtselligi, atik miktarin1 azaltmakta ve
cevresel etkiyi minimize etmektedir (Karimi vd., 2023; Pradhananga &
Elzomor, 2023; Friedman, 2025). Sokiilebilirlik ve yeniden kullanim, gegici
barmaklarm ikinci yasam senaryolarina imkan tamimakta ve kaynak
verimliligini artirmaktadir (Widyarko vd., 2021; Arslan & Cosgun, 2008).
Afet sonrast barinma yalnizca teknik ve malzeme odakli bir konu
degildir; sosyal ve kiiltiirel boyutlart da dikkate alimmalidir. Literatiir,
toplumsal katilim ve yerel bilginin tasarim siirecine dahil edilmesinin
barinaklarin kabuliinii ve siirdiiriilebilirligini  artirdigin1  gdstermektedir
(Montalbano & Santi, 2023; Pomponi vd., 2019; Félix vd., 2015).
Kullanicilarin insa siirecine katilimi, aidiyet duygusunu gii¢lendirmekte ve
barmaklarin yalmizca fiziksel degil, sosyal bir yeniden inga araci haline
gelmesini saglamaktadir. Ayrica kadin ve erkek uzmanlarin farkli 6nceliklere
sahip oldugu, sosyal ve ¢evresel gostergelere verilen dnemin degisebildigi de

yapilan ¢aligmalarda vurgulanmaktadir (Pomponi vd., 2019).

3. SHIGERU BAN’IN AFET SONRASI MiMARLIK
YAKLASIMI

Shigeru Ban, afet sonrasi mimarlik alaninda yenilik¢i, siirdiiriilebilir ve
insani ¢oziimleriyle dne ¢ikan bir mimardir. Mimarlik pratiginde pro-bono yani
kar amaci giitmeyen insani projelere 6zel bir dnem vermekte; 6zellikle geri
donistiiriilebilir ve yerel malzemelerle gelistirdigi gegici barinaklar araciligiyla
afetzedelerin acil barinma ihtiyaglarini karsilamaktadir.

2014 yilinda Shigeru Ban, mimarligin en prestijli ddiillerinden olan
Pritzker Mimarhik Odiili'ne layik goriilmiistiir. Jiiri gerekcesinde Ban’m,
afetler sonrasinda yoksun durumda kalan toplumlara yonelik {irettigi barinma
¢ozlimleri, yenilik¢i malzeme kullanimi ve mimarligin sosyal sorumluluguna
yaptig1 katk1 dzellikle vurgulanmistir (Url-1). Pritzker Odiilii genellikle estetik
basarilar veya ikonik projeler i¢in verilirken, Ban’mn ddiillendirilmesi bu

baglamda bir doniim noktasidir. Bu gelisme, mimarligin salt estetik bir disiplin
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olmanin G&tesinde, toplumsal krizlere yanit verme potansiyelini goriiniir
kilmistir. Dolayisiyla Ban’in yaklasimi, mimarlarin yalnizca “tasarimcr” degil
ayn1 zamanda insani krizlere miidahale edebilen aktorler olmasi gerektigini
hatirlatmaktadir.

Literatiirde Shigeru Ban’in mimarlik pratigi iic ana eksende ele
alimmaktadir:

e Insanal Mimarhk: Afet sonrasi barmnma ihtiyacina duyarli,

toplumsal fayday1 onceleyen tasarim anlayisi

e Gecicilik ve Sembolizm: Afet bolgelerinde yalnizca barinak degil,
ayni zamanda toplumsal dayanisma ve iyilesme mekanlar
yaratilmast.

e Malzeme Yenilikleri: Kagit tiipler gibi ucuz, erisilebilir ve
siirdiiriilebilir yap1 elemanlarinin gelistirilmesi.

Bu eksenler, Ban’in hem teorik hem de pratik diizeyde gelistirdigi

mimari yaklasimin ¢ercevesini olusturur.

3.1. Humanitarian Architecture (insancil Mimarhk) ve Sosyal
Sorumluluk

Shigeru Ban, modern mimarligin yalnizca estetik veya teknik
boyutlartyla degil, toplumsal ve insani sorumluluklariyla da ilgilenmesi
gerektigini savunan bir mimardir. Bulut & Giirani (2018), onun c¢evresel
duyarlilik ve insani sorumluluk arasindaki dengeyi kurma bi¢imini inceleyerek
Ban’m mimarlik pratigini  “gevreye duyarli tasarim” baglaminda
degerlendirmistir. Bu yaklasim, Ban’mn sik¢a vurguladigi “Humanitarian
Architecture” kavramiyla Ozetlenir. Bu anlayisa gore mimarlik, yalnizca
kentsel elitlerin ya da ekonomik imké&n1 olan kesimlerin hizmetine sunulan bir
liikks degil, en temel insani ihtiyaglardan biri olan barinmayi karsilamaya
yonelik evrensel bir aragtir. Ozellikle afet sonras1 kosullarda ortaya ¢ikan
barinma krizlerine verdigi ¢ozlimler, Ban’in bu felsefesinin somut
uygulamalaridir.

Naskova (2015), Ban’in Japon geleneklerinden —Zen Budizm ve Shinto
etkileriyle sekillenen— mimari anlayigindan beslendigini, bu gelenegi Bati
mimarlig1 ile harmanladigim ortaya koymustur. Ban’in afet sonrasi ¢oziimleri,
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bu baglamda, geleneksel Japon ahsap yap1 tekniklerini yenilik¢i malzemelerle
bulusturarak evrensel gecerlilik kazanmaktadir. Deriu (2007) ise Ban’in Alvar
Aalto’ya bakisini inceleyerek, onun modernist gelenekler ile insancil mimarlik
arasindaki bagi nasil kurdugunu vurgulamaktadir.

3.2. Gegicilik ve Toplumsal Iyilesme

Ban, mimarlig1 toplumun en kirillgan kesimlerine ulastirma cabasinda,
gecicilik, stirdiiriilebilirlik ve toplumsal katilim ilkelerini 6n planda
tutmaktadir. tatka & Morales-Beltran (2023) Ban’in c¢aligmalarindaki
“gecicilik” kavramin irdelemis; bu geciciligin sadece teknik degil, ayni
zamanda sosyal bir strateji olduguna dikkat gekmistir. Bu baglamda Ozcan,
Giiler & Korkmaz (2021), “gecici barinak” kavramimi Ban’in pratigi iizerinden
detayli bigimde ele almis ve onun projelerinin &zellikle afet sonrasi kriz
bolgelerinde barinma ihtiyacini karsilama siirecindeki roliinii vurgulamistir.
Benzer sekilde Johung (2011), mekanmn “yerinden edilme” ve “yeniden
yerlestirilme” baglamlarini tartisarak Ban’in afet sonrasi ¢oziimlerini kiiltiirel
yerlesim dinamikleri agisindan incelemistir. Bu perspektife goére Ban’in
yapilari, afetzedelerin kimlik ve aidiyet duygularini korumalarina yardimei
olan gecici ama anlamli mekanlar liretmektedir. Barrie (2014) ve Daniell
(2014), Ban’in “Cardboard Cathedral” projesini analiz ederek afet sonrasi
sembolik ve toplumsal iyilestirici roliine dikkat cekmistir. Bu yapinin yalnizca
gecici bir ibadethane degil, ayn1 zamanda toplumsal hafizay1 yeniden kuran ve
toplumsal iyilesmeyi destekleyen sembolik bir mekdn oldugu ortaya
konmustur. Dolayisiyla onun tasarimlari toplumsal dayanismay1 giiglendiren
insani miidahaleler olarak olduk¢a dikkat ¢ekicidir.

3.3. Malzeme Yenilikleri: Kagit Tiipler

Ban’in en 0zgilin katkilarindan biri, basit goriinen ancak yiiksek
mithendislik kabiliyetine sahip bir malzeme olan geri doniistiiriilmiis kagit
tiiplerin (paper tubes) mimarlikta yapi elemani olarak kullanilmasidir. Kagit
tipler, geri donigtiiriilmils kagittan tretilen, diisiik maliyetli, hafif fakat
oldukca dayanikli elemanlardir. Ik kez 1980’lerin sonunda sergi ve gegici
yapilar i¢in deneyen Ban, kisa siirede bu malzemenin &zellikle afet sonrasi

mimarlikta 6nemli bir potansiyele sahip oldugunu fark etmistir.
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Bu malzemenin farkli aragtirmalarda da vurgulandigi gibi, afet sonrasi
barinma ¢6ziimlerinde 6ne ¢ikmasinin nedeni yalnizca ekonomik olmasi degil,
ayn1 zamanda dayaniklilig1 ve ¢evresel siirdiiriilebilirligidir. Ornegin Carbonari
& Librelotto (2017), geri doniistiiriilmiis kagit tiiplerden {iretilen gecici
barinaklarin yapisal oOzelliklerini incelemekte, O6zellikle hiz, maliyet ve
stirdiiriilebilirlik agisindan bu malzemenin afet sonrasi igin uygunlugunu
vurgulamaktadir. Dhivya & Yogapriya (2021) ise Ban’in kagidi yap1
malzemesi olarak kullanma yontemini ¢evresel siirdiiriilebilirlik baglaminda
ele almakta ve kaynak verimliligi ile ekolojik mimarlik agisindan &nemine
dikkat cekmektedir. Benzer sekilde Ustiin (2008) kagidin ¢ati ve cephe
sistemlerinde kullanimini, Ban’1in deneysel tasarimlari tizerinden tartismakta ve
siirdiiriilebilir mimarlik kapsamindaki potansiyeline deginmektedir.

Kagit tiiplerin afet sonrast mimarlikta tercih edilmesinin ardinda birkag
temel avantaj bulunmaktadir. Oncelikle, maliyet ve erisilebilirlik agisindan
yerel Olgekte kolaylikla tiretilebilmeleri, afet bolgelerinde hizli ¢oziimler
iiretilmesini saglamaktadir. Ikinci olarak, dayamklilik agisindan dogru
mihendislik  hesaplartyla  ¢elik  kadar giiglii  tasiyict  elemanlara
doniisebilmektedirler. Bunun yani sira, siirdiiriilebilirlik acisindan geri
donistiiriilebilir olmalari1 ve gevresel etkilerinin diisiikk olmasi, bu malzemeyi
ekolojik agidan cazip kilmaktadir. Son olarak, hizli iiretim ve montaj imkanu,
afet sonrasinda ortaya c¢ikan acil barinma ihtiyaglarina dogrudan cevap
verebilme potansiyeli sunmaktadir.

4. SHIGERU BAN’IN AFET SONRASI YARDIM
PROJELERINDE MALZEMENIN YENIDEN KULLANIMI

Shigeru Ban’mn afet sonrasi yardim projeleri malzemenin yeniden
kullanim ilkesini temel alan 6zgilin ¢6zlimler sunmaktadir. Ban, kimi zaman
afet bolgelerinde mevcut malzeme artiklarini (6rnegin yikilmis binalardan
¢ikan tugla, tas veya kiremitleri), kimi zaman da kolayca sokiiliip yeniden
kurulabilen modiiler sistemleri projelerine entegre etmistir.

Bu yaklagim, hem lojistik acidan avantajlar saglamis hem de afet sonrasi
kaynak yetersizligi kosullarinda pratik ¢oziimler sunmustur. Ban’in
projelerinde goriilen bu strateji, gegici yapilarin yalmzca “tek kullanimlik”
degil, yeniden degerlendirilebilir ve tasmabilir birer sistem olarak
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tasarlanabilecegini gostermektedir. Boylelikle malzemenin dongiisel kullanimi,
afet sonras1t mimarlikta hem ekonomik hem de ekolojik agidan siirdiiriilebilir
bir yaklagim haline gelmistir.

Shigeru Ban’in resmi web sitesinde yer alan Afet Sonras1 Yardim
(Disaster Relief) kategorisinde, 1995 yilinda Kobe Depremi ile baslayan
projelerden gilinlimiize uzanan genis bir arsiv bulunmaktadir (Url-2). 1995-
2025 yillar1 arasim1 kapsayan bu donemde Ban, Asya’dan Amerika’ya,
Avrupa’dan Afrika’ya kadar ¢ok farkli cografyalarda afet sonrasi yardim
projeleri gelistirmistir. Listeye gore yaklagik 60’tan fazla proje bu kategori
altinda yer almakta; bunlar arasinda gecici okullar, toplum merkezleri ve acil
barmaklar gibi farkli 6lgek ve islevlerde uygulamalar bulunmaktadir. Bu
projeler hem mimarlik pratiginde yenilik¢i ¢oziimler hem de afet bolgelerinde
insancil miidahaleler olarak 6nemli bir birikim ortaya koymaktadir.

Shigeru Ban’in afet sonrast yardim projeleri, malzemenin yeniden
kullanimina dayali ¢ok katmanli stratejiler gelistirmektedir (Tablo 1). Bu
stratejiler birkag baslik altinda toplanabilir:

e Modiiler ve Sok-Tak Sistemler:

Ban’in en bilinen ¢6ziimleri arasinda yer alan Paper Log House ve Paper
Partition System (PPS), yapt elemanlarmin kolaylikla monte edilip
sokiilebilmesi ve farkli afet bolgelerinde tekrar kurulabilmesi esasina
dayanmaktadir. Bu yaklasim, yapilarin yalnizca tek seferlik degil, dongiisel
olarak kullanilabilmesini miimkiin kilmaktadir.

e Yikinti/ Artik Malzemelerinin Entegrasyonu:

Ornegin Nepal’deki projelerinde yikilmis yapilardan elde edilen tas,
ahsap ya da kiremit gibi malzemeler yeniden islenerek yeni yapilarda
kullanilmistir. Bu hem atik yonetimini kolaylastirmis hem de yerel malzeme

kimligini korumustur.

o Geri Doniistiiriilebilir Malzemeler:

Ban’in en 6zgiin katkisi olan kagit tiipler, kullanim 6mrii sonunda geri

donistiiriilebilme 6zelligiyle 6ne ¢ikmaktadir. Bu tiiplerin tagiyici sistem, duvar
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ya da bolme olarak ¢ok islevli bigimde kullanilmasi, siirdiiriilebilirligin

pratikteki karsiligidir.

e Mevcut Yapilara Entegre Edilen Sistemler:

Paper Partition System (PPS) gibi gecici bdlme sistemlerini igeren
¢cozlimler, spor salonu, okul veya toplum merkezi gibi mevcut yapilara
eklenerek afetzedelerin mahremiyetini saglamaktadir. Bu sistem, yeni ingaat
yerine mevcut mekani islevsel hale getirerek malzeme kullanimini minimumda
tutmaktadir. Ayrica insanlarin uyuma, dinlenme ve kisisel yagam i¢in sinirli da
olsa bagimsiz bir mekan saglayarak, kendi alanlarini olusturmalarina imkan

tanimaktadir.

e Tasmabilirlik ve Yeniden Kurulum:

Takatori Paper Church gibi yapilar, sokiiliip baska bir iilkeye tasinarak
yeniden kurulmustur. Bu hem malzemenin yeniden kullanimini hem de yapinin

sembolik degerinin korunmasini saglamistir.

Tablo 1. Shigeru Ban’in Afet Sonrasi Yardim Projelerindeki Yeniden Kullanim

Stratejileri
Kategori Aciklama Ornek Yaklasim / Projeler
Paper Log House ve Paper
Yapi elemanlarinin kolayca Partition  System  (PPS),
Modiiler / S6k-Tak monte edilebilmesi, modiiler tiipler ve destek
Sistemler sokiilmesi ve baska bir sistemleri sayesinde farkl afet
konuma taginabilmesi. bolgelerinde yeniden
kurulabilmistir.
Omegin Nepal projelerinde,
Afet sonrasi alanda yikilmig  bina  elemanlart
Yikinti / Artik . .
. kullanilan yap1 artiklarinin toplanip  yeniden islenerek
Malzemelerin . ) . . .
(tugla, tas, kiremit, ahsap) yeni yapilarda infill ya da
Entegrasyonu . - .. . :
yeniden degerlendirilmesi. dolgu  malzemesi  olarak
kullanilmistir.
. Yap1 elemanlarinin kullanom
Geri L . Kagit tiipler, karton elemanlar
o e omri bitince ya da proje sona
Doniistiiriilebilir . gibi malzemeler bu boyuta

erdiginde geri
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Kategori Aciklama Ornek Yaklasim / Projeler
Malzeme doniistiiriilebilecek bigimde girmistir; sokiiliip yeniden
Kullanimi tasarlanmasi. doniistiiriilmeye uygundur.

Mevcut yap1 ya da altyapiya Paper Partition System (PPS)

L. yeni modiiller eklenerek gibi sistemler, spor salonu,
Eklemeli Sistem /°~ . . . o

miidahale edilmesi, mevcut okul binasi gibi mevcut
Mevcut Yapiya

yapilarin degistirilmeden yapilara ek olarak
Entegrasyon . g ..

kullanilabilir hale yerlestirilebilir modiiller

getirilmesi. igermistir.

Projelerin tasarimi, Ornegin Paper Church
Tasmabilirlik & clemanlarin taginabilir projesinde  Kobe’de  insa
Yeniden Kurulum olmasini ve farkli edilen yapi sokiilmiis ve bagka
Stratejileri cografyalarda yeniden bir bolgede (Tayvan) yeniden

kurulumunu goze alir. kurulmustur.

Bir elemanin farkl

. Bazi projelerde kagit tiipler
. . gorevlerde (duvar, tavan,
Cok Islevli / Esnek . . . hem tasiyici eleman olarak
¢at1, bolme) kullanilabilmesi, .
Eleman Kullanim oo ~ hem bolme elemani olarak
kullanim ihtiyaglarina gore
) . kullanilmistir.
adaptasyon yapabilmesi.

Ban’m afet sonrast mimarlik pratiginde malzeme yeniden kullanimina
dayali stratejiler yalnizca teorik bir yaklagim degil, farkli cografyalarda ve
donemlerde somut orneklerle hayata gegirilmistir. Onun projeleri, kimi zaman
yikintt malzemelerinin yeniden degerlendirilmesi, kimi zaman da modiiler ve
sokiiliip tasinabilir sistemler araciligiyla yeniden kullanim ilkelerini
gostermektedir. Bu yaklagimin farkli donemlerdeki uygulamalarini gérmek
amaciyla, asagidaki tabloda Shigeru Ban’in 6ne ¢ikan afet sonrasi projeleri ve
bu projelerdeki yeniden kullanim &zellikleri kronolojik olarak &zetlenmistir
(Tablo 2).
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Tablo 2. Shigeru Ban’m Afet Sonrasi Yardim Projelerinde Malzemenin Yeniden

Kullanimi

Ulke / Yer Proje Ad1 Yeniden Kullanim Ozelligi
Takatori Paper 2005°te sokiiliip Tayvan’a tasindi; yapi

1995 Japonya, Kobe P u}lp T ¥ yap
Church elemanlar1 yeniden kullanilmistir.

Temelde bira kasalari ve kum torbalari
1995 Japonya, Kobe Paper Log House kullanilmig;  tim  malzemeler  tekrar
kullanilabilir niteliktedir.

Yerel kosullarda kagit tiipler ve modiiller;
. Paper Log House - . .
2000 Tirkiye Turk yeniden montaj ve tekrar kullanim
rke
ey prensibiyle insa edilmistir.

Kagit tiipler ve modiiler bilesenler sokiiliip

. Paper Temporary . .- .

2008 Cin, Chengdu School bagka yerde yeniden kurulabilir sekilde

choo
tasarlanmugtir.
.. Karton tliplerden yapilan modiiller

Paper Partition

2011 Japonya, Tohoku depolanarak farkli afetlerde tekrar tekrar
System (PPS)

kullanilmagtir.

Ahsap ve celik bilesenler sokiiliip yeniden
. . Temporary Concert = _ . . .
2011 Italya, L’Aquila Hall degerlendirilebilecek bir sistemle
a
tasarlanmugtir.

i Kagit tiipler, polikarbonat ve gelikle birlikte
Yeni Zelanda, L o
2013 Christchurch Cardboard Cathedral kullanilmis; modiiler 6geler uzun siireli ve
ristchurc
yeniden degerlendirilebilir niteliktedir.

Yikilmis yapilardan toplanan moloz tugla ve
ahsap elemanlar yeniden islenerek yeni

2015 Nepal Nepal House ) .
yapilarda infill ya da dolgu malzemesi olarak
kullanilmistir.

Kagt tiipler yerel malzemelerle
Ecuador Paper _ . ) e
2016 Ekvador birlestirilmis; geri doniistiirilebilir ve

Temporary House . e
yeniden kullanilabilir sistem uygulanmustir.

. PPS sistemi ile yeniden kullanilabilir
Relief for Turkey and

2023- Tiirkiye & Suriye Svri modiiller gelistirilmis; mevcut yapilara
ria
y entegre edilebilmistir.

2024 Japonya, Noto Earthquake Disaster Yikilan evlerden c¢ati kiremitleri, kolon ve

" Peninsula Relief Project kirigler toplanarak yeniden kullanilmustir.
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5. SHIGERU BAN - AFET SONRASI KAGIT TUP
PROJELERI

Shigeru Ban’in mimarlik pratiginde en dikkat ¢ekici malzeme yeniligi,
kagit tiiplerin (paper tubes) afet sonrasi mimarlikta etkin bir bigcimde
kullanilmasidir. Baslangigta sergi (Alvaro Aalto Sergisi, 1986-Japonya) ve
gecici pavyonlar (Paper Arbor, 1986- Japonya) i¢in denedigi bu malzeme, 1995
Kobe Depremi sonrast Paper Log House ile insani yardim mimarliginin

sembolik bir 6gesine donligmiistiir.

Sekil 1. 1989 Tasarim Fuart i¢in tasarlanan Paper Arbor ve Kobe Depremi magdurlari
icin tasarlanan Paper Log House — Kobe

Kagit tlipler; diisiik maliyetleri, hafiflikleri, yiiksek tasima kapasiteleri,
geri doniistiiriilebilirlikleri ve modiiler kullanima uygun olmalar1 sayesinde afet
sonrasi barinma i¢in ideal bir ¢6ziim sunmaktadir. Ancak bu malzeme yalnizca
gecici konutlarda degil, okul, ibadethane, toplum merkezi ve bolme sistemleri
gibi farkl islevlerde de uygulanmistir.

Shigeru Ban’1n afet sonrasi projelerinde kagit tiipler ¢ok farkli islevlerde
kullanilmistir (Tablo 4). Oncelikle gegici konutlar insa etmekte (Paper Log
House — Kobe, Hindistan, Maui, Marigha) tastyici eleman olarak islev gérmiis;
diisiik maliyetli ve hizli kurulum imkani1 sunmustur.

Sekil 2. Paper Log House — Kobe, Hindistan, Maui, Marigha

Topluluk mekanlar1 ve ibadethanelerde (Takatori Paper Church,
Cardboard Cathedral) kagit tiipler, sadece barmma degil, ayn1 zamanda
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afetzedelerin toplumsal birliktelik ve iyilesme ihtiyaglarina yanit vermistir.
Egitim yapilarinda (Paper Temporary School — Chengdu, Paper Nursery School
— Cin) cocuklarin giivenli bir ortamda egitime devam edebilmeleri icin
striiktiire] malzeme olarak kullanilmistir.

=

Sekil 3. Takatori Paper Church, Cardboard Cathedral

Acil barmak g¢oziimlerinde (Paper Emergency Shelters — Haiti, Paper
Temporary Shelter — Filipinler) kagit tiipler, hizli kurulabilen iskelet sistemleri
olusturmustur.

Sekil 4. Paper Emergency Shelters — Haiti, Paper Temporary Shelter — Filipinler

Son olarak, biiylik olcekli gecici barinma merkezlerinde mahremiyet
saglayan bdlme sistemleri (Paper Partition System -PPS- Kumamoto, Italya,
Hokkaido, Hagibis, Giliney Kyushu, Tiirkiye-Suriye, Orman Yangimi Los
Angeles) i¢in kullanilarak toplu yasam alanlarin1 yasanabilir kilmistir.
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Sekil 5. Paper Partition System -PPS- Kumamoto, italya, Hokkaido, Hagibis, Giiney
Kyushu, Tiirkiye-Suriye, Orman Yangini1 Los Angeles

Tablo 3. Shigeru Ban’m Afet Sonrasi Kagit Tiip Projelerinin Islevlerine Gore

Kategorizasyonu
Paper Log House — Kobe (Japonya, 1995)
Paper Log House — Hindistan (2001)
Paper Log House — Maui (ABD — Hawaii, 2023)
Paper Log House — Marigha (Fas, 2025)
Prototype of Paper Temporary House — Korea (Giiney
Kore, 2023)
Gegici Barmaklar Paper Emergency Shelters — I.LI.ai.ti (2010)
(Acil Durum) Paper Temporary Shelter - Flll.pln.ler (2015).
Relief for Turkey and Syria (Tiirkiye & Suriye, 2023-)
Topluluk Takatori Paper Church (Japonya, 1995 —2005’te
Mekénlar: / Tayvan’a tagindi)
ibadethaneler Cardboard Cathedral (Yeni Zelanda, 2013)

Paper Temporary School — Chengdu (Cin, 2008)
Paper Nursery School (Cin, 2014)
PPS Kumamoto (Japonya, 2016)
PPS italya (2017)
PPS Hokkaido (Japonya, 2018)
PPS Tayfun Hagibis (Japonya, 2019)
PPS Giiney Kyushu Su Baskin1 (Japonya, 2020)
PPS Orman Yangini — Los Angeles (ABD, 2025)

Gegici Konut

Egitim Yapilari

Gecici Bolme
Sistemleri (PPS)

Asagidaki tabloda, Shigeru Ban’in farkli cografyalarda gergeklestirdigi
baslica kagit tiip projeleri, islevleri ve yeniden kullanim 6&zellikleri
Ozetlenmigtir (Tablo 3).
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Tablo 4. Shigeru Ban — Afet Sonras1 Kagit Tiip Projeleri
islev / One Cikan Yeniden Kullanim

Program Ozellikler Ozelligi

Paper  Log Gegici Kagit tiipler + bira Modiiler, sokdiliip
House — 1995  Japonya . o
konut kasalar1, hizli kurulum yeniden kullanilabilir
Kobe
Takatori ibadet  / 58 ket tipten 2005’te sokiiliip
Paper 1995  Japonya topluluk riikti g P Tayvan’da  yeniden
Church merkezi SHUKHT kuruldu
.. . Modiiler, kolay
+
Paper Log 2001 Hindistan Gegici Kagit tipler + yerel taginabilir ve tekrar
House konut malzeme kullanimi .
— kurulabilir
Paper < .
Temporar Deprem sonras1 Kagit tiipler tasinip
Schol())l y /2008 Cin Okul cocuklar i¢in egitim bagka yerde tekrar
Chengdu mekant kurulabiliyor
E?rln):: enc 2010 Depremi sonrast Geri donistiiriilebilir
EENCY 2010  Haiti Barmak kagit tliplerden acil ve sokiiliip yeniden
Shelters - .
9N barmaklar kurulabilir
Haiti
Cardboard . Yeni Eatli‘;ffl‘j / gi“yul;m,"lifﬁeﬁ‘ lfliﬁ‘; Modiller  tekrar
Cathedral Zelanda ¥ wp St ’ degerlendirilebilir
yapist Omiirlii
Paper Kagt tiiplerle Yapi bilesenleri
Nursery 2014  Cin Okul tasarlanmis okul sokiiliip bagka yerde
School oncesi mekan tekrar kullanilabilir
Paper Gegici Deprem/tayfun Kagit tiipler modiiler.
Temporary 2015  Filipinler ¢ P v St Wprel Fodu eh,
barinma sonrast hizli kurulum geri doniistiiriilebilir
Shelter
PPS Gegici Kagt tiiplerden PPS modiilleri farkli
2016  Japonya Bolme mahremiyet saglayan afetlerde tekrar tekrar
Kumamoto . . .
Sistemi bdlme kullanildi

Gegici 2016 Orta Italya Sokiiliip yeniden
PPS italya 2017  italya Bolme depremi sonrast PPS kurulabilir, defalarca
Sistemi uygulamasi kullanilabilir


https://shigerubanarchitects.com/works/paper-tubes/paper-log-house-india/
https://shigerubanarchitects.com/works/paper-tubes/paper-log-house-india/
https://shigerubanarchitects.com/sb_location/haiti/
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islev / One Cikan Yeniden Kullanim
Program Ozellikler Ozelligi
PPS G?QICI 2018 . Hokkaido PPS tekrar tekrar
. 2018  Japonya Bolme depremi sonrasi spor o
Hokkaido . . kullanilabilir
Sistemi salonlarinda PPS
PPS Tayfun G?(;ICI 2019 Hagibis tayfunu Modiiller farkll
Hagibis 2019  Japonya Bolme sonrasi barmak afetlerde tekrar
g Sistemi alanlarinda PPS kullanilabilir
PPS G?q1c1 Sel sonrasi toplu PPS sistemleri tekrar
. Bolme yasam alanlarinda Kullanilabili
Giiney 2020  Japonya  Sistemi  PPS kurulumu HHanabIr
Kyushu Su
Baskim
- T
Paper Log ABD Gegici Yangin _ sonrasl Kagit tiip hafif
House —2023 .. barmma  ihtiyacina malzeme, tekrar
R (Hawaii) konut - P
Maui ¢Oziim kurulabilir
Prototype of
Paper . < R
Gliney Konut Afet sonrasi barinma Kagit tiipler sokiiliip
Temporary 2023 . .. . -
Kore prototipi  igin deneysel model  yeniden kullanilabilir
House -
Korea
Relief for 2023 . Gegici . . . PPS modiilleri farkli
+
Turkey and (devam ;lllz(lze & barmma ve s[i:tilrtnl;?ip bglme afetlerde tekrar
Syria ediyor) Y PPS kullanilabiliyor
ABD Gegici Yangin sonrast Kagit tiip + hafif
PPS Orman . o
Yanemn 2025 (Los Bolme barmma  ihtiyacina malzeme, tekrar
g Angeles) Sistemi ¢Oziim kurulabilir
Paper Log .. < .
Gegici Deprem sonras1 Kagit tiipler modiiler,
House 2025  Fas - -
. barinma barinma ¢6ziimii tekrar kullanilabilir
Marigha

Incelenen projelerde malzemenin yeniden kullanimi baglaminda kagit
tiiplerin afet sonrasi durumlarda sagladigi avantajlar {i¢ ana baslik altinda

toplanabilir:
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e Hiz ve Ekonomi:

Kagit tiipler diisiik maliyetleri ve kolay bulunabilirlikleri sayesinde afet
sonrasi barinma ihtiyacina hizli ¢oziimler sunmaktadir. Kobe’deki Paper Log
House birkag giinde inga edilebilirken, Haiti depreminde de ayn1 yontemle kisa

stirede acil barmaklar kurulabilmistir.

o Tasinabilirlik ve Tekrar Kullamilabilirlik:

Projeler modiiler olarak tasarlandigindan sokiiliip farkl afet bolgelerinde
yeniden kullanilabilmektedir. PPS (Paper Partition System) Orneklerinde
goriildiigii gibi, depolanan bolme elemanlar1 farkli krizlerde tekrar tekrar islev
gormiistlir. Benzer sekilde, Takatori Paper Church 2005°te Tayvan’a tasinarak
yeniden kurulmustur.

e Siirdiiriilebilirlik ve Hibrit Kullanim:

Kagit tiiplerin geri doniistiiriilebilir yapisi, onlar1 ekolojik agidan cazip
hale getirmektedir. Bunun yani sira bir¢cok projede (Hindistan, Ekvador, Fas)
kagit tiipler, yerel tas, ahsap veya hafif dolgu elemanlariyla birlestirilerek hibrit
bir yap1 sistemi olusturulmustur. Bu yaklasim hem malzeme dongiiselligini
giiclendirmis hem de yerel kaynaklarin kullanilmasim saglamistir.

6. SONUC

Shigeru Ban, afet sonrast mimarlik alaninda gelistirdigi yapilarinda
strdiiriilebilirlik  ilkesini, dogal malzemelerin yenilik¢i kullanimiyla
biitiinlestirerek takilip sokiilebilen striiktiirel sistemler, kagit tiip temelli hafif
konstriiksiyonlar, 1s18in mekansal deneyimdeki rolii ve esnek kullanim
olanaklart {izerine odaklanmistir. Mimarlik pratiginde yenilik¢i malzeme
teknolojilerini geleneksel yapi anlayisiyla sentezleyen Ban, tasarimlarinda
yerel kiiltiirel baglami, kullanicit gereksinimlerine duyarliligit ve sosyal
sorumluluk bilincini bir arada ele alarak afet sonrasi barinma mimarisine 6zgiin
ve doniistiiriicii bir yaklasim kazandirmigtr.

Endiistriyel {iretim siirecleriyle birlikte artan gevresel sorunlara karsi
ekolojik duyarliliga sahip bir alternatif sunan Shigeru Ban’in kagit tiip projeleri,
geri donistiiriilebilir malzemelerden {retilmeleri sayesinde gelecegin

stirdiiriilebilir tasarim anlayisina onciililk eden bir model niteliginde olmustur.
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Takalip sokiilebilir sistemleri ve hafif striiktiirel kurgusu ile bu yapilar, 6zellikle
afet sonrasi gegici barinma c¢oziimlerinde yenilik¢i bir yaklagim ortaya
koymustur. Sonug olarak, Shigeru Ban’in kagit tiip projeleri, mimarlik alaninda
siirdiiriilebilirlik, dogallik, esneklik ve toplumsal sorumluluk bilinci agisindan
ornek teskil etmenin yaninda; afet sonrasi mimarlikta yalnizca fiziksel
¢Oziimler sunmakla kalmayip, ayni zamanda etik ve sosyal bir durusun
mekansal ifadesi haline gelmistir.
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INTRODUCTION

For a building material to be “fire resistant”, its structural integrity must
be maintained 253ithout being compromised or with only minimal deformation
throughout the duration of the fire. This is only possible if the building material
is non-combustible, thereby preventing the spread of fire.

In terms of fire resistance, each building material exhibits different
performance depending on its unique structure, type and raw material. In
addition to the material itself, installation techniques such as insulation,
cladding, and fire protection can also affect the ignition and spread time of a
fire (Akbas & Caligkan, 2025).

Within the scope of our study, we first discussed what fire resistance is
and how the fire resistance of materials can be increased. Subsequently, the
fire-resistant building materials were discussed, and the resistance and
structural properties they offer against a potential fire were presented as
advantages and disadvantages. Finally, flame-retardant materials were
discussed and the results obtained from the study were presented.

WHAT IS FIRE RESISTANCE?

Fire resistance is the process of making a material or structure resistant
to fire. This process is achieved by applying materials such as mortar, cement
or fire-resistant paint. It is generally used to provide additional fire protection
for materials such as steel structures and concrete (Erdogan, 2005; Kilig, 2008).

There are two main types of spray-applied fire-resistant paints:

1. Intumescent fire resistance: When exposed to heat, it expands and

forms an insulating layer that protects the material from fire.
2. Cement-based fire resistance: It creates a fire-resistant barrier using
cement-based materials (Eren & Mayuk, 2013).
Some examples of fire resistance are as follows:

* Spray coating application on steel or concrete surfaces: This is done by
spraying low-density fibre or cement-based compounds, known today
as spray-applied fire-resistant material (SFRM) (Kilig, 2008).
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Figure 1. Spray coating application

Source: https://www.ippmagazine.com/fireproof-paint/fireproofing/ (URL 1)

» Sealing gaps and openings: Fire-resistant sealants, fire stoppers or fire

barriers are used. This application is technically referred to as fire
stopping.

% i
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Figure 2. Fireproof-painting for fire stopping.
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Source: https://www.ippmagazine.com/fireproof-paint/fireproofing/ (URL 1)

» Use of fire-resistant building materials: These materials are designed
to provide extra protection against fire. Fire-resistant building
materials are also known as ‘fireproofing’ (Yildirim, 2025).

Figure 3. Fire testing of fire-resistant building materials.

Source: https://www.ekoyapidergisi.org/yangina-dayanikli-yapi-malzemeleri-nelerdir
(URL 2)

FIRE-RESISTANT  (FIRE-RETARDANT) BUILDING
MATERIALS

Fire-resistant materials are generally naturally non-combustible and
exhibit high resistance to burning when exposed to flames. A material is
considered fire-resistant if, under specified conditions of time and standard heat
intensity, it does not structurally collapse, does not allow heat transfer, and does
not exceed the specified temperature limit on the side away from the fire.

Naturally fire-resistant materials are generally classified as Class A fire
rating. This class indicates that the material has a low flame spread index (0—
25) and a low smoke development index (0—450). Buildings constructed with
fire-resistant materials are extremely important in terms of providing building
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occupants with the necessary time to evacuate in the event of a fire. Buildings
constructed with fire-resistant materials are extremely important in terms of
providing building occupants with the necessary time to evacuate in the event
of a fire (Camusoglu, 2024).

The most important fire-resistant building materials are as follows:
Terracotta, flame-treated natural materials, fire-resistant glass, concrete, brick,
plaster, gypsum and rock wool.

Terakota

Terracotta is a natural, clay-based ceramic material that has been used
throughout history in both artistic and architectural applications as a fire-
resistant material. It is commonly preferred for roof tiles, floor tiles and
cladding tiles; it is also used to provide additional fire protection in steel
structural components. Terracotta, which is hardened by firing at high
temperatures, is naturally non-combustible and can act as an effective barrier
against fire (Camusoglu, 2024).

Advantages:

It has a Class A fire rating. It can be used in fire-prone areas, for wall and
roof installations.

Disadvantages:

One of the main disadvantages of this material is its porous structure. As
terracotta is a porous material, it easily absorbs a lot of dirt. Glazed terracotta
should be preferred to avoid pores.
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Figure 4. Terracotta

Source: https://www.ekoyapidergisi.org/yangina-dayanikli-yapi-malzemeleri-nelerdir
(URL?2)

Natural Materials Treated with Flame
Flame-treated natural materials are natural materials such as wood or

cotton that exhibit very low resistance but have been treated with chemicals to
make them more resistant (O'Shaughnessy, 2023).
Advantages:
The main advantage of using flame-treated natural materials is that they
are generally cheaper than other options.
Disadvantages:
They are not as effective as other options in terms of fire resistance.
Fire-Resistant Glass

Fire-resistant glass is a type of glass designed to withstand high
temperatures without breaking.

Advantages:

The main advantage of fire-resistant glass is that it can form a strong

barrier against flames.
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Disadvantages:

The disadvantage is that fire-resistant glass is more expensive than most
other types of glass (O'Shaughnessy, 2023).

Figure 5. Fire-resistant glass
Source: https://www.toughglaze.com/the-evolution-of-fire-resistant-glass (URL 3)

Concrete

Concrete is a highly popular choice among fire-resistant building
materials, standing out for its strength and durability. Produced from cement,
water and aggregates, concrete is naturally non-combustible and does not
produce toxic fumes. Furthermore, structures built using the ICF (Insulated
Concrete Forms) system provide additional protection against fire (Kilig, 2008;
Akbas, et al., 2025).

Advantages:

Concrete can exhibit high resistance to fire up to 2,000°F. It is cost-
effective and provides thermal insulation and energy efficiency (Akbas, et al.,
2025).

Disadvantages:

It is a heavy and difficult material to process. It may offer limited design
possibilities from an aesthetic point of view (Camusoglu, 2024).
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Figure 6. Concrete

Source: https://www.ekoyapidergisi.org/yangina-dayanikli-yapi-malzemeleri-nelerdir
(URL 2)

Brick

Brick is a clay-based building material obtained by firing at high
temperatures and is naturally fire-resistant and durable. Bricks fired at
approximately 2,000°F have a Class A fire rating. This feature makes brick one
of the most reliable materials in terms of fire resistance. Although the durability
of bricks is slightly reduced when they are joined with mortar to form walls,
they retain their high level of protection to a large extent (Celik et al., 2014).

Advantages:

It is fire-resistant and protects against debris carried by the wind. It has
high resistance to environmental impacts.

Disadvantages:

Bricks are relatively more expensive than other materials, very heavy,
and not very good at insulation. Furthermore, brick structures are not very
energy efficient (Camusoglu, 2024).
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Figure 7. Brick

Source: https://www.ekoyapidergisi.org/yangina-dayanikli-yapi-malzemeleri-nelerdir
(URL?2)

Plaster

When applied correctly, a plaster layer one inch thick can provide fire
resistance for up to approximately one hour.

However, its use is limited in humid areas, as plaster can absorb moisture
and lead to mould growth. It can also become brittle in cold climates; therefore,
its use is ideal in warm and dry regions. Plaster enhances the fire resistance of
buildings in warm climates while also supporting energy efficiency
(O'Shaughnessy, 2023).

Advantages:

It can be applied as a fire-resistant coating to almost any type of building
material. Therefore, plaster is a versatile building material with good fire
resistance and a wide range of applications.
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Disadvantages:

The only disadvantage of plaster is that it is usually slightly more
expensive than other fire-resistant materials (Camusoglu, 2024).

Gypsum

Gypsum is one of the most commonly used natural rock types among
fire-resistant building materials. Gypsum, obtained from this mineral
containing calcium, sulphate, oxygen and water, is widely used, particularly in
plasterboard and wall plastering. Plasterboard is a prefabricated material
consisting of a plaster core sandwiched between two thin paper layers and is
generally preferred for partition walls.

Advantages:

The chemical composition of plaster makes it highly fire resistant. The
calcium sulphate and bound water molecules in its content absorb heat during
a fire and slow down heat transfer by evaporating (Camusoglu, 2024).

This allows plasterboard to delay the spread of fire and provide a safer
evacuation time for people in the building (O'Shaughnessy, 2023).

Brett Fleury from USG explains this as follows: ‘Plasterboard chemically
contains two water molecules. This water absorbs heat at high temperatures and
acts like a heat battery in fire tests’. Standard plasterboard panels can withstand
fire for up to approximately one hour, while specially manufactured panels can
withstand fire for up to two hours (Fleury et al., 2009).

Figure 8. Gypsum plaster

Source: https://www.ippmagazine.com/fireproof-paint/fireproofing/ (URL 1)
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Stone Wool

Stone wool is a non-combustible building material commonly used for
thermal and acoustic insulation. Also known as mineral or rock wool, this
material consists of fibrous strands obtained by melting volcanic rocks (basalt,
bauxite, dolomite, etc.) or slag. Thanks to its inorganic structure, it is naturally
non-combustible and provides high fire safety (Camusoglu, 2024).

Advantages:

According to Brendan Knapman, ROCKWOOL Product Management
Director: “Stone wool has been tested in accordance with the ASTM E136
standard and is resistant to temperatures up to 2,150°F (1,177°C).” Stone wool
limits the spread of fire, slows heat transfer and does not contribute to smoke
formation. It also offers unlimited insulation thicknesses to suit different
projects.

ROCKWOOL meets the most stringent fire standards with a range of
batt, slab and loose-fill solutions that comply with fire regulations. This energy-

efficient material combines excellent insulation properties with fire resistance.

Figure 9. Stone wool (rockwool) application on steel.
Source: https://www.ekoyapidergisi.org/yangina-dayanikli-yapi-malzemeleri-nelerdir
(URL 2)
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FLAME RETARDANT MATERIALS

Even if the material has high fire resistance, it may be necessary to
provide the material with additional resistance under certain construction
conditions.

Fire-resistant materials are resistant to flames due to their natural
chemical structure. Flame-retardant materials are typically applied to
combustible materials using chemical processes involving bromine, increasing
their resistance to fire. These materials are used particularly in naturally
combustible products and enhance their self-extinguishing capacity during a
fire (Camusoglu, 2024).

There are seven flame retardant substances. These are: chlorine, synergy,
nitrogen, antimony, bromide, boron and aluminium.

Flame-retardant materials are designed to be thermally stable; they
reduce the likelihood of ignition and slow the spread of fire; these properties
make them important in reducing risks during events such as short circuits or
accidental ignition. For a plastic to be classified as flame retardant, it must pass
a combustion test, the most widely recognised of which is UL 94 certification.
This test involves extinguishing the flame within a specified time frame or
before the amount of burning material exceeds the permitted value. To ensure
compliance with the required UL 94 standards, it is critical to select the correct
material and thickness in accordance with the specific fire safety requirements
for each application (Yildirim et al., 2014).
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Figure 10. Flame resistance test standard UL94 HB and UL94 V0O V1 V2
Source: https://sositarmould.com/ul94-v0/ (URL 4);
https://xometry.pro/tr/makaleler/alev-geciktirici-malzemeler-ul-94/ (URL 5)

The flame-retardant material is obtained by immersing the material in
chemicals containing flame-retardant substances such as chlorine, synergists,
nitrogen, antimony, bromide, boron, and aluminium. During this process,
endothermic reactions occur that absorb heat and reduce the temperature of the
material, delaying ignition and the spread of flames. Additionally, char
formation occurs, which acts as a protective barrier against further burning
(Kracklauer, 1978).

The most common base materials for flame retardants include
engineering-grade thermoplastics such as PA, ABS, PC, and certain TPUs. PC-
ABS is most suitable for electronic devices. 3D printing filaments such as PPS
and PVDF also possess flame-retardant properties.

CONCLUSION AND RECOMMENDATION

In recent years, increasing fire disasters have led to greater awareness in
this area across all sectors. Particularly in today's construction industry, new
standards in fire safety are being established through the selection of
appropriate materials, strict quality control and the implementation of digital
design applications. It is emphasised that architectural projects must be
prepared with the support and consultation of fire experts who are
knowledgeable in this field.

As experts, the main points to consider are as follows:


https://sositarmould.com/ul94-v0/
https://xometry.pro/tr/makaleler/alev-geciktirici-malzemeler-ul-94/
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Detailed Regulation Review: Full compliance with the local fire
regulations of the country where the projects will be implemented and
with international standards must be ensured.

» Testing Material Performance: All structural elements must be

classified and documented according to their performance during a

fire.

L]

Controlled Management of Production Processes: Production and
assembly processes carried out in the factory environment must be
conducted with meticulous care to minimise risks.

*  Maximum Use of Digital Integration: BIM and similar digital tools
should provide comprehensive fire safety management from the
design stage to implementation.

. Continuous Training and Inspection: Staff training, regular
inspections and keeping up to date with the latest technical
information enable the establishment of a fire safety culture.

Consequently, concrete is among the best fire-resistant materials when
all construction conditions and fire requirements are met, and is generally used
in situations requiring structural integrity (Akbas, et al., 2025).

Lightweight materials such as 10 mm x 2 plasterboard can provide
approximately 60 minutes of fire resistance and are generally preferred for
ceilings and walls in areas where fire is highly likely, such as nursing homes,
hotels and hospitals, as well as kitchens, laundries, storage rooms and areas
where gas cylinders are located (Akbas & Caligkan, 2025).

Safe building designs will also successfully fulfil the duty of protecting
human life and our valuable assets. Making the most effective use of the
opportunities offered by technology and engineering will not only reduce
existing risks in fire safety, but will also form the basis for sustainable and

reliable construction practices.
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INTRODUCTION

Prefabrication or prefabricated materials are building elements and
materials that are manufactured in advance in factories (Asikoglu, 2024). Fire
resistance is the process of making a material or structure resistant to fire. Fire-
resistant building materials are also known as ‘fireproof” (Kilig, 2008; Y1ildirim,
2025).

Prefabricated modular construction, which is constantly evolving, stands
out as a method that minimises production errors and enhances quality by
carrying out production in the controlled environment of a factory.

Prefabrication applications in architectural design offer the alternative of
spanning large openings in the load-bearing system and creating uninterrupted
spaces. Factory production offers a wide range of surface qualities and the
ability to use specific shapes and aggregates. For fagades: it provides form,
texture and colour richness, and offers the possibility of textured, washconcrete,
acid-washed, polished concrete, panel, sandblasted or joint-filled fagade
elements. Furthermore, prefabricated production is carried out in a closed
environment at normal room temperature, unaffected by adverse weather
conditions (Akbas, et al., 2025).

This system is preferred not only for its time and cost efficiency but also
because it offers rapid solutions tailored to complex project requirements.
However, no matter how perfect the process may be, fire safety elements must
be integrated into the project. This is because these elements determine the
performance of structures during a fire (Asikoglu, 2024; Akbas, et al., 2025).

Prefabricated building materials are generally produced based on three
primary raw materials: steel, wood, and concrete. In this study, the fire
resistance of all three prefabricated materials was compared and the results
were presented. Firstly, the fire performance of steel, which is one of the most
commonly used prefabricated materials in architectural structures, was

examined:
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STEEL PREFABRICATION MATERIALS

Steel is a construction material that effectively utilises the possibilities
offered by the latest technological and engineering innovations and is highly
popular today.

Designed to meet the needs and demands of a rapidly growing population
and urbanisation, steel construction systems, which are the main load-bearing
material in multi-storey buildings, also form the basis for sustainable design
models (Zaimoglu, 2009; Akbas & Caligkan, 2025).

The advantages and disadvantages of the material as a building structure
in building design and field applications are as follows:

Advantages:

* Steel is not a combustible material; it does not burn directly. In this

respect, its ‘contribution’ to fire is lower.

* Steel is highly advantageous in terms of prefabrication: it can be
manufactured in the factory with high precision and assembled on site,
resulting in high assembly speed (Of & Oztiirk, 2022).

Disadvantages:

* When exposed to high temperatures, steel rapidly loses its load-bearing
capacity; particularly when temperatures exceed ~500-600°C, steel
may undergo shape changes such as bending or buckling.

In the event of a fire, the sudden collapse of steel structures poses a

significant risk to both life safety and structural integrity (Kosatepe, 2020).



273 | KENTSEL DIRENGLILIK: AFETLER, IKLIM VE MEKANSAL STRATEJILER

() Full-scale steel portal frame (b) Plane steel frame (c) Large-scale steel portal frame

(36m*12mx5.4m, wood crib fire) [12] (9.1mx2.77m, electrical heat) [11] (36mx 12mx6.6m, wood crib fire) [18]
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(d) Single-story cold-formed steel building (e) cold formed steel
(10m*8mx3.158m, wood crib fire) [13] (7.2mx7.2mx*3m, wood crib firc) [19
T Le

(g) Steel truss roof structure
(diameter: 8m; height: 4.02 m, diesel oil
and wood crib fire) [10]

(h) Cylindrical aluminum shell structure
(24mx*8mx8.5m, wood crib fire) [15]

(f) Full-scale steel frame with slab
(18mx11mx7.2m, natural gas fire) [14)

(i) Steel stiffened plate structures
(7mx4.8m, liquefied petroleum gas
heat) [8,9]

(j) Single-span steel portal frame (k) Full-scale frame under traveling fire
(Tm»3mx2.1m, n-heptane fire) [16] (33.6mx12.6m=6.3m, wood crib fire) [17]

Figure 1. Fire resistance of steel
Source: https://ars.els-cdn.com/content/image/1-s2.0-S0143974X23002122-gr1.jpg
(URL 1)

* Although stone (rock) wool, which is used between lightweight steel
panels, is a fire-resistant material, certain installation details such as
welded-screw connections, fire connections and the design of fire
compartments are critical factors in terms of the material's overall fire

resistance (Eren, 2018).
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Figure 2. Stone wool using between lightweight steel panels
Source: https://www.mdpi.com/buildings/buildings-12-
01582/article deploy/html/images/buildings-12-01582-g001.png (URL 2)

In conclusion, steel material can be a safe option when appropriate fire
protection measures are in place, but its performance is significantly reduced at
high temperatures, particularly above 600°C, when unprotected and in its raw
state (Eren & Mayuk, 2013).

WOODEN PREFABRICATION MATERIALS

Wood is a traditional building material that has been widely used in
structural elements and load-bearing systems from the past to the present day.
It is highly preferred due to its natural and sustainable properties and modern
types of wood, especially 'mass/laminate wood', are widely used as
prefabricated materials.

In new timber prefabrication, fire resistance is better ensured than in
previous years with the help of technological and chemical applications.
However, for timber to be the safest and most fire-resistant prefabricated
material, all requirements, such as the correct construction technique and
details, must be met without exception (Kiigiikosmanoglu, 1993; Ulusoy &
Peker, 2019).
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Figure 3. Mass Timber Fire Testing
Source:https://www.nist.gov/sites/default/files/styles/480 x 480 limit/public
/images/2017/11/15/img_0509.jpg?itok=Un7SpHtd (URL 3)

Advantages:

* Thick-section timber, such as mass timber, can form a ‘char’ layer on
its surface during a fire; this layer can only protect the underlying
sound timber for a short period.

* Timber structural elements are lightweight, offering advantages in
terms of transport and installation, and timber is a material suitable
for prefabrication.

* The fact that timber is a natural material increases its importance in

terms of sustainability and contributes to ecological balance (Ersahin,
2022).

Disadvantages:
* Wood has a risk of burning; it burns directly. However, the ignition
time of wood; the load-bearing time during a fire, the cross-section of

the material, and protective measures (coatings, fire protection) are
factors that influence this.
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Figure 4. Grey Gum (Left), Tasmanian Oak/Victorian Ash (Middle) & Radiata Pine
(Right) MASSLAM components after undergoing a 120 minute ‘loaded’ beam fire

test.
Source: https://ash.com.au/blog/understanding-the-fire-safety-of-mass-timber-
construction/ (URL 4)

* In modern architectural applications and high-rise buildings, the use of
wood may require costly special measures in terms of fire regulations
(Ozdek, 2022).
Consequently, even with prefabrication, systematic measures must be
taken for wooden materials, such as assembly details, joint areas, and fire
compartmentation.

PRECAST CONCRETE MATERIALS

Precast concrete, produced from locally abundant natural raw materials
(stones, gravel, sand, cement), is both an ecological product and creates a
structure that is sustainable for many years. Especially, precast panels and
precast concrete elements are widely used as prefabricated materials.


https://ash.com.au/blog/understanding-the-fire-safety-of-mass-timber-construction/
https://ash.com.au/blog/understanding-the-fire-safety-of-mass-timber-construction/
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Low waste and the recycling of production waste enable recycling rates
of almost 100% in the factory environment. The fact that concrete can be
recycled at the end of its life and the reduction in material usage (e.g. through
high-strength concrete and better design) result in the creation of long-lasting
structures (Demirel & Simsek, 2015; Tekin, 2021).

Concrete is a material with Al fire safety classification. Concrete's non-
combustibility under heat (non-flammable when exposed to heat) prevents fire
from spreading from one building to another (Akbas & Caliskan, 2025).

dn: il
!ﬂgiiﬂ!ij (A

:

Figure 5. Table regarding the thickness of the concrete panel in terms of fire resistance
Source: https://deltaprecast.com/wp-content/uploads/Fig-10.5.1-table.png (URL 5)

Advantages:

* Concrete generally exhibits excellent fire resistance: it is a non-
combustible material and conducts heat more slowly than other
materials, which can delay damage to structural elements from heat.

* Precast concrete panels can be produced in modular systems and are
advantageous materials in terms of fire resistance.

* Structural elements made from concrete can remain standing even after
a fire if they are constructed using good building techniques in
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accordance with the building design conditions (Bas & Vural, 2019;
Akbas, et al., 2025).

" FIRE RESISTANCE CONCRETE "

Figure 6. Fire resistance of concrete
Source:https:/cloudfrontgharpediabucket.gharpedia.com/uploads/2019/03/Fire-
Resistance-of-Concrete-01-0406050001.jpg (URL 6)

Disadvantages:

* When concrete is exposed to fire, damage such as spalling of surface
fragments may occur due to the effects of evaporation and moisture,
particularly at high temperatures.

* Concrete structural elements can be more challenging in terms of
logistics and foundations prior to transportation and installation, as
they are heavy materials.

* Furthermore, in precast concrete systems, it is crucial to pay attention
to additional insulation or connection details.

* Concrete is not a flexible or easily shaped material, and this
characteristic limits all design decisions that can be made (Uzbas,
2014).

In conclusion, the use of precast concrete materials in building or

structure design can be considered one of the most ‘invincible’ options,
particularly in terms of fire resistance and fire retardancy. However, as a


https://cloudfrontgharpediabucket.gharpedia.com/uploads/2019/03/Fire-Resistance-of-Concrete-01-0406050001.jpg
https://cloudfrontgharpediabucket.gharpedia.com/uploads/2019/03/Fire-Resistance-of-Concrete-01-0406050001.jpg
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precaution against a possible fire, all details such as insulation, connections,
and installation standards must be very well designed, and the structure must
be constructed using a robust building technique.

COMPARISON AND CONCLUSION

Although fire-resistant prefabricated building designs have emerged
today, the biggest disadvantage of prefabricated buildings, despite their many
advantages, is still their fire resistance. Even if the outer coatings of the panels
used are betopan or fibre cement, materials such as EPS, XPS, polyurethane
foam, and styrofoam are generally used inside (between the coatings). The fire
resistance of these materials is quite weak, and they melt significantly under
high temperatures (Kosatepe, 2020; Glimiistas, 2021).

Furthermore, even though those classified as B1-B2 generally have a low
flame spread index (0—25) and are non-flammable, they can easily ignite and,
when melted, can drip and produce smoke. Class A insulation materials, such
as rock wool and glass wool, which are particularly used for sound and heat
insulation, have much higher fire resistance (Camusoglu, 2024).

However, these materials are more expensive than other insulation
materials and have very low resistance to weight and water. When they come
into contact with water, they lose all their insulation properties. For this reason,
fire precautions need to be slightly better in prefabricated structures than in
other structures.

Generally speaking, each of the three prefabricated materials compared
to each other:

* If the criterion of ‘preserving the load-bearing capacity of the
structure's critical elements for as long as possible once a fire starts’
is taken as the basis, concrete emerges as a very strong option.

* Steel is also a good option against fire, but the performance of directly
unprotected steel elements can rapidly decline in the high-
temperature phase of a fire; therefore, steel prefabricated materials
require special additional fire protection, such as spray-applied fire-
resistant material (SFRM), the use of fire barriers to seal gaps, or fire
insulation (Kilig, 2008).

* Timber, especially large-section, fire-treated types such as ‘mass

timber,” can be quite durable on its own and is used in many projects
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today; however, compared to traditional light timber frame systems,
more fire protection measures are required for thin-section timber
(Kiigiikosmanoglu, 1993).

* Considering the ignition time of timber, the melting of unprotected

steel is likely to occur much more rapidly.

Therefore, it is generally possible to say that the highest natural
resistance to fire in prefabricated buildings can be achieved with concrete
material, but the combination of ‘material + detail + protective measures’ is
always very important. Even if decisions regarding architectural design such as
how many storeys the prefabricated structure will have, which materials will be
used in its construction, and what construction technique will be employed are
not specifically defined, then regardless of where in the world it is located, “fire
safety” should be an important guiding factor in the design, alongside climate
conditions, robustness, and earthquake resistance (Giimiistas, 2021; Akbas &
Caligkan, 2025).
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	Bölüm 2
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	Bölüm 10
	Bölüm 11
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