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1. Giris

Kentler; iklim degisikligi, hizl1 kentlesme, niifus artisi, teknolojik gelismeler
ve arazi kullanimindaki doniisiimler sebebiyle giderek daha karmasik cevresel
baskilarla kars1 karsiya kalmaktadir. Bu baskilar altinda ortaya ¢ikan asir1 kentsel
1sinma, kentsel planlama ve halk sagligi acgisindan 6nemli bir sorun haline
gelmistir (Tan et al., 2024; Sarda & Bahadure, 2023; Jha et al., 2024; Karaan et
al.,, 2024). Kentsel alanlar cevrelerindeki kirsal alanlara goére daha yiiksek
sicakliklara sahiplerdir. Bunun yami sira aymi kent icerisinde c¢ok yakin
mesafelerde bile 6nemli sicaklik farkliliklar1 ortaya ¢ikabilmektedir. Bu kentsel
1s1l farkliliklart; yap1 yogunlugu, bina yiiksekligi, sokak geometrisi, bitki Ortiisii,
ylizey malzemeleri, toprak nemi, su yiizeyleri ve antropojenik 1s1 kaynaklar1 gibi
cok sayida faktorle iligkilidir (Przezdziecki & Zawadzki, 2023; Ergin et al., 2026;
Alexandra & Philip, 2025; Liu et al., 2023).

Kentsel 1s1l ortamin mekansal olarak heterojen olmasi, geleneksel planlama
yaklagimlar1 acgisindan onemli bir sorun olusturmaktadir. Geleneksel planlama
yaklagimlari, arazi kullanimi, ulagim, yapilasma yogunlugu, yapilagsma kosullar
ve altyap1 hizmetleri gibi faktorleri dikkate alirken planlama kararlarinin yerel
iklim kosullar1 tizerindeki etkileri planlama siirecinin dogrudan bir bileseni olarak
ele alinmamaktadir (Unsal & Avci, 2023; Karakus & Kahraman, 2025; Han et
al., 2021; Raska et al., 2022). Bunun sonucunda, farkli arazi kullanimlar farkl
1s1l ortamlar olustururken, ayni arazi kullanim kararina sahip iki kentsel alan bile;
yap1 yogunlugu, bina yiiksekligi, sokak geometrisi, aga¢ Ortiisii veya ylizey
gecirgenligi agisindan farklilik gosterdiginde oldukea farkli 1s1l 6zelliklere sahip
olabilmektedir (Ardahanlioglu, 2023; Adigiizel et al., 2022; Ergin et al., 2026;
Shekanino et al., 2023).

Kentsel planlama c¢aligmalari, iklim degisikligine direncli kentler
gelistirilmesi adina kentsel form ile ¢evresel performans arasindaki iligkiyi daha
giilii bicimde kurmalidir. iklim uyumunu geleneksel planlama kararlarinin
ardindan uygulanan ek bir katman ya da ortaya ¢ikan bir soruna ¢éziim bulmak
olarak gérmek yerine, kentsel yapinin degerlendirilmesinin temel unsurlarindan
biri olarak ele almak gerekmektedir (Dincer & Yalginer Ercoskun, 2021; Bas &
Partigoe, 2022; Tu & Yu, 2023; Ahmed et al., 2022.

Yerel Iklim Bélgeleri yaklasimi bu biitiinlesmenin kurulabilmesi i¢in nemli
bir ¢ergeve sunmaktadir. LCZ sistemi; kentsel ve dogal alanlari, yiizey yapisi,
arazi Ortiisii ve yapilagsma 6zelliklerinin gérece homojen kombinasyonlarina gore
siniflandirmaktadir. Farkli LCZ smiflari; kompakt yiiksek katli ve orta katli
yapilagsmalardan agik diisiik katli yapilagsmalara, yogun agaclik alanlardan su
ylizeylerine ve ¢iplak yiizeylere kadar farkl kentsel ve dogal morfolojileri temsil
etmektedir (Akbari & Sharifi, 2024; Yan et al., 2021; Liu et al., 2025; Mushore
et al.,, 2022). Boylece LCZ'ler, kentsel iklimi etkileyen fiziksel ozelliklerle



dogrudan iliskili bir mekansal tanimlama saglamaktadir (Rahmani & Sharifi,
2024; Mushore et al., 2025; Zhao et al., 2020).

LCZ yaklagimimin kentsel iklim arastirmalarindaki kullanimi son yillarda
onemli Olgiide artmistir. YOntem; kentsel 1s1 adas1 aragtirmalari, yilizey sicakligi
analizleri, uzaktan algilama caligmalari, kentsel iklim modellemeleri ve farkli
kentlerin karsilastirilmasi gibi ¢ok cesitli alanlarda uygulanmaktadir (Han et al.,
2024; Milica et al., 2025; Yang et al., 2025). Bununla birlikte LCZ bilgisinin
cevresel tanilamanin yam sira iklim direngli planlama kararlarina aktarilmasi
konusunda héla 6nemli bir potansiyel bulunmaktadir (G4l et al., 2025).

Bu boliimde LCZ'lerin yalnizca bir siniflandirma sistemi olarak degil, kentsel
morfoloji ile iklim direnci arasinda baglant1 kurabilecek bir planlama arayiizii
olarak nasil degerlendirilmesi gerektigi aciklanmaktadir. Bu dogrultuda kentsel
morfolojinin LCZ'ler araciligiyla nasil tanimlanabilecegi, bu bilginin 1s1l
maruziyet ve kirilganlikla nasil iliskilendirilebilecegi ve farkli kentsel baglamlar
icin nasil planlama miidahalelerine doniistiiriilebilecegi tartisilmaktadir.

2. Kentsel Formun Yerel iklim Uzerindeki Etkisi
2.1. Kentin fiziksel yapisi

Kentsel iklim, biiyiik 6l¢iide yapilasmis ¢evrenin li¢ boyutlu 6zelliklerinden
etkilenmektedir. Binalar; giines radyasyonuna maruziyeti, uzun dalga radyasyon
aligverisini, hava akigini ve kentsel yiizeylerde 1smin depolanmasini ve yeniden
salinmasini degistirmektedir. Sokaklar ve acik alanlar ise golgelenme, gokyiizii
gorlis faktorii, havalandirma ve yiizey maruziyeti agisindan farkli kosullar
olusturmaktadir (Terjung & Louie, 1973; Topal & Tatar, 2023; Oguz & Ersoy
Tonyaloglu, 2024; Malcoti et al., 2023; Kumar & Sarkar, 2025). Bunun yani sira,
dogal yiizeylerin yapilasmis ve gecirimsiz  ylizeylerle degismesi
evapotranspirasyonu ve ylizey enerji dengesini degistirmektedir (Yeboah et al.,
2025; Jiang & Weng, 2017; Ramamurthy & Bou-Zeid, 2014).

Dolayisiyla bir kentsel alanin termal davranisi, yalnizca konut, ticaret, sanayi
veya rekreasyon alani olarak tanimlanan arazi kullanimiyla agiklanamaz. Ayni
arazi kullanim kategorisi i¢inde yer alan alanlar; bina ytiksekligi, bina taban alani,
yapilasma yogunlugu, sokak genisligi, agac Ortiisii ve ylizey gegirgenligi
bakimindan 6nemli farkliliklar gdsterebilmektedir. Bu morfolojik farkliliklar,
arazi kullanimi ayni olsa bile farkli mikroklimatik kosullarin ortaya ¢ikmasina
yol agabilmektedir (Zhang et al., 2022; Wang et al., 2025).

Bu durum kentsel planlama agisindan 6nem tasimaktadir; ¢iinkii geleneksel
arazi kullanim smiflari, yerel iklim kosullarini belirleyen fiziksel 6zelliklerin
tamamini dogrudan temsil etmemektedir (Wicki & Parlow, 2017).



2.2. Yap1 yogunlugu ve bina yiiksekligi

Yap1 yogunlugu, yapilasmis ve agik yiizeyler arasindaki dengeyi belirleyerek
kentsel termal kosullarin sekillenmesinde énemli bir rol oynamaktadir (Yalmer
& Begeg, 2025; Adyatma et al., 2022). Yiiksek yapilasma orani; agik toprak ve
bitki oOrtiisii alanlarinda azalmaya, gecirimsiz yiizeylerin artmasina ve kentsel
ylizeylerin 1s1 depolama kapasitesinde degisime yol acabilmektedir. Bununla
birlikte, yap1 yogunlugu ile hava ve yiizey sicakliklar1 arasindaki iliski dogrusal
degildir (Zhang et al., 2026; Feng et al., 2024).

Yogun yapilasmis alanlar, yaya seviyesinde daha fazla golgelenme
saglayabilmekte; ancak belirli morfolojik kosullarda uzun dalga radyasyon
kayiplarint sinirlandirarak gece sogumasini zayiflatabilmekte ve hava akigini
azaltabilmektedir. Buna karsilik, daha a¢ik yapilagsma diizenleri hava akigini
destekleyebilmekte, ancak dogrudan giines radyasyonuna maruz kalan ylizey ve
yaya alanlarini artirabilmektedir (Zhang et al., 2026; Feng et al., 2024).

Bina yiiksekligi de benzer sekilde tek basina degerlendirilmemelidir. Yiiksek
yapilar, kentsel dokunun ii¢ boyutlu yapisimi giiclendirerek riizgar akisini,
golgelenme siiresini ve radyasyon aligverisini etkileyebilmektedir. Bu nedenle
bina yiiksekligi; bina araliklari, yonlenme, sokak geometrisi ve ¢evredeki arazi
ortiisii ile birlikte biitlinciil bicimde ele alinmalidir (Ren et al., 2025; Yang &
Chen, 2019)

2.3. Sokak geometrisi ve kentsel havalandirma

Sokak kanyonlari, 6zellikle insan 6lgeginde kentsel iklimi belirleyen 6nemli
cevresel bilesenlerden biridir (Erdem et al., 2021). Binalarla ¢evrili dar sokaklar,
giindiiz saatlerinde yaya alanlarinda ve yiizeylerde belirgin bir golgelenme
saglayarak dogrudan giines radyasyonuna maruziyeti azaltabilmektedir. Bununla
birlikte, bu geometriler bazi kosullarda hava akigini kisitlayabilmekte, gokytiizii
goriis faktoriinii diislirerek uzun dalga radyasyon kayiplarini sinirlandirabilmekte
ve bu nedenle gece saatlerinde ylizeylerde depolanan isinin atmosfere salinmasini
zorlagtirabilmektedir. Daha genis ve agik sokak diizenleri ise hava akigini ve
ylizeylerin gece sogumasini destekleyebilmekte; ancak yiizey ve yaya alanlarinin
dogrudan gilines radyasyonuna maruz kalma siiresini ve siddetini
artirabilmektedir (Theeuwes et al., 2014; Migliari et al., 2025).

Sokak kanyonlarinin termal performansi yalnizca yiikseklik/genislik oraniyla
da aciklanamaz. Sokagin yonlenmesi, giin i¢indeki giineslenme agilari, hakim
rizgar yonii ve kanyon icindeki hava akigi birlikte degerlendirilmelidir
(Chatzidimitriou & Yannas, 2017; Lobaccaro et al., 2019). Ornegin, riizgara
paralel konumlanan sokaklar havalandirmay1 desteklerken, dik konumlanan
sokaklarda akis zayiflayabilmektedir. Benzer sekilde, farkli yonlenmelere sahip
sokaklarda golgelenme siiresi mevsime ve giiniin saatine gore 6nemli Slclide



degisebilmektedir. Yiizey malzemeleri, agag Ortiisii ve bina cephe 6zellikleri de
bu etkilesimi daha da karmagik hale getirmektedir.

Bu nedenle kentsel tasarim acisindan, her iklim ve her kentsel baglam igin
gecerli tek bir "ideal" sokak geometrisinden s6z etmek miimkiin degildir. Sokak
genisligi, bina yiiksekligi, yonlenme, hakim riizgarlar ve giineslenme kosullarinin
birlikte ele alinmasi gerekmektedir. Sicak ve nemli iklimlerde havalandirma,
sicak ve kurak iklimlerde golgelenme, 1liman iklimlerde ise mevsimsel dengeler
onceliklendirilebilir. Dolayisiyla etkili bir yaklasim, sabit geometrik standartlar
yerine yerel iklim kosullarina duyarli ve baglama 06zgii tasarim ilkeleri
gelistirmeyi gerektirmektedir.

2.4, Bitki ortiisii ve yiizey ozellikleri

Bitki ortiisii, kentsel termal stresin azaltilmasinda birden fazla mekanizma
iizerinden etkili olmaktadir. Agaclar, dogrudan golgelenme saglayarak
ylizeylerin ve yaya alanlarinin gilines radyasyonuna maruziyetini azaltirken,
evapotranspirasyon yoluyla yerel sogutmaya da katkida bulunmaktadir. Bitkisel
ylizeyler ayrica ylizey enerji dengesini, yani gelen radyasyonun duyulur 1s1, gizli
1s1 ve depolanan 1s1 arasindaki dagilimmi degistirmektedir. Bunun yani sira
yagmur suyunun yoOnetimi, hava kalitesinin iyilestirilmesi ve ekolojik
baglantililik gibi alanlarda da onemli islevler iistlenmektedir (Heisler, 1974;
Meili et al., 2020).

Bununla birlikte bitki ortiisiiniin termal etkisi sabit degildir; bitki tiirline, su
gereksinimine, ta¢ yapisina, konumuna, mekansal siirekliligine ve ¢evresindeki
yapilasma 6zelliklerine bagl olarak degismektedir (Yang et al., 2019). Ornegin
genis ve sik taclt agaclar golgelenme agisindan daha etkili olabilirken, su kisiti
yasayan tiirlerde evapotranspirasyon yoluyla saglanan sogutma simnirh
kalabilmektedir. Agaglarin sokak kanyonu igindeki konumu da énemlidir; yogun
tag Ortiisi giindiiz golgelenmesini artirirken, bazi kosullarda hava akisimi
azaltabilmekte ve gece sogumasini sinirlandirabilmektedir. Ayrica tek tek ve
birbirinden kopuk agaclarin sagladigi etki ile birbirine baglanan yesil alan
sistemlerinin sagladig1 cevresel katkilar ayni degildir. Mekansal olarak siirekli ve
baglantil1 yesil altyapi, daha genis 6l¢ekte serinleme etkisi yaratma potansiyeline
sahiptir (Pozoukidou, 2020; Nielsen et al., 2016).

Yiizey malzemeleri de benzer bigimde 6nem tagimaktadir. Koyu renkli ve
gecirimsiz yiizeyler giines enerjisinin dnemli bir bolimiini absorbe ederek 1s1
depolayabilmekte ve bu 1siy1 giin batimindan sonra yeniden salabilmektedir.
Gegirgen ve bitkisel yiizeyler ise ylizey enerji dengesi ile nem aligverisi tizerinde
farkli etkiler yaratmaktadir (Vujovic et al., 2021; Zhang et al., 2025). Yiizeyin
albedosu, termal kiitlesi ve nem igerigi; yiizey sicakligimin giin igindeki
degisimini belirleyen temel 6zelliklerdir. Bu nedenle malzeme se¢imi ve yiizey
gecirgenligi, iklim duyarli kentsel tasarimda yapi1 morfolojisiyle birlikte ele
alinmas1 gereken bilesenlerdir. Bitki Ortiisii, malzeme Ozellikleri ve kentsel
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geometrinin birlikte degerlendirilmesi, yalmizca tekil miidahalelere dayanan
yaklagimlara kiyasla daha biitlinciil ve baglama duyarli ¢oziimler sunmaktadir.

3. Yerel iklim Bolgeleri: Kentsel Formu Anlamak Icin Bir Cerceve

Yerel Iklim Bolgeleri (Local Climate Zones, LCZ) yaklasimi, kentsel ve dogal
peyzajlarnn fiziksel ve ylizey 6zelliklerine gore karakterize edilmesini saglayan
standartlastirilmis bir siniflandirma sistemidir. Sistem, farkli bina yogunluklarini,
bina yiiksekliklerini ve kentsel aciklik diizeylerini temsil eden on yapilasmis
sinifin yani sira, yedi bitkisel ve dogal yiizey sinifin1 da igcermektedir (Stewart &
Oke, 2012). Siflar; gokylizii goriis faktorl, bina ve gegirimsiz ylizey orani,
gecirgen yiizey orani, yapt yiksekligi, yiizey pirizliligii ve yiizey
malzemelerinin termal 6zellikleri gibi dlgiilebilir parametrelere dayanmaktadir.
Bu parametreler, her bolgenin yerel Olgekte benzer bir termal davranig
gostermesini beklenen homojen bir alan1 temsil etmesini saglamaktadir (Sekil 1).
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Yapu tipleri
Kompakt yuksek kath

1 i

Kompakt orta kath
g Yodun orta kath binalar (3-9 kat). Az veya hig
2 i SV agag yok. Arazi ortusii gogunlukla kaplamali.
Tag, tugla, kiremit ve beton yap: malzemeleri.

Kompakt algak katlh

Yogun yuksek katli binalar (onlarca kat). Az veya
hig agag yok. Arazi ortisii gogunlukla kaplamali.
Beton, gelik, tas ve cam yapi malzemeleri.

Yogun alcak katli binalar (1-3 kat). Az veya hig

W agag yok. Arazi ortisi gogunlukla kaplamal.
Tas, tugla, kiremit ve beton yapi malzemeleri.

Agik ytiksek kath i : S
f Yuksek kath binalarin (onlarca kat) agik duzeni.
Bol gegirgen arazi ortus (alcak bitkiler, agalar).
4 Beton, celik, tas ve cam yapi malzemeleri.

Agik orta katli Orta katli binalarin (3-9 kat) agik duzeni. Bol

gegirgen arazi ortusu (alcak bitkiler, seyrek
agaglar). Beton, celik, tas ve cam yapi
malzemeleri.

Arazi ortisii tipleri

Yogun agaglar

Yaprak doken ve/veya herdemyesil agaglarin

W yogun ormanlik manzarasi. Arazi ortiisi gogunlukla
gegirgen (alcak bitkiler). Bolge ilevi dogal orman,
agag yetistirme veya kent parki.

Seyrek agaglar

Cali, fundalk

. Yaprak doken ve/veya herdemyesil agaglarin
hafif ormanlik manzarasi. Arazi ortisu ogunlukla
gegirgen (alcak bitkiler). Bolge islevi dogal
orman, agag yetistirme veya kent parki.

Galilar, fundalar ve kisa odunsu agaglanin ak

y dizeni. Arazi o gunlukla gegirgen (ciplak
toprak veya kum). Bolge islevi dogal fundalik
veya tarim.

* Alak bitkiler

ozelliksiz manzara. Az veya hig agac yok.
Balge islevi dogal gayrr, tarim veya kent parki.

Gim veya Otsu bitkiler/bitkilerden olusan

Ciplak kaya veya kaplama

Kaya veya kaplama yiizeyinden olusan zelliksiz
E ’ manzara. Az veya hig agag/bitki yok. Bolge
islevi dogal ¢ol (kaya) veya kentsel ulagim.

Aokakakhﬂ- Algak kath binalarn (1-3 kat) agk dzen.
Bol gegirgen arazi drtisil (algak bitkiler,
seyrek #M Ahsap,tula o, Kierit ve
beton yapi malzemeleri.

Hafif alcak kath Tek la;l.;( binalarin yogun kan;ulv:L Ai veya‘ hig
¢ " agag yok. Arazi ortusii codunlukla sikigtinimis.
7 &%’z%«; Hafif yapi malzemeleri %g?:h;ap, san'?:n,
LN oluklu metal).

Biiyuk algak kath binalarin (1-3 kat) ak
duzeni. Az veya hig agag yok. Arazi ortisii
ogunlukla kaplamali. Celik, beton, metal ve
tas yapi malzemeleri.

Ciplak toprak veya kum

Toprak veya kum yiizeyinden olugan Gzelliksiz
manzara. Az veya hig agac/bitki yok. Bdlge
iglevi dogal ¢6l veya tanim.

Su
Denizler ve goller gibi biiyuk acik su ktleleri

G , veya nehirler, rezervuarlar ve lagiinler gibi

2 ik su kitleleri.

DEGISKEN ARAZI ORTUSD 6zmiKLEni
Sinooptik hava d , tanmsal uyg lar ve/veya
déngﬁllede onemli quude degisen de§|§ken veya gegici arazi ortlsii
Gzellikleri.

b.

yaprak doken agaglar (or. kiz). Artmig

Dogal ortamda kiigik veya orta boy binalarin
seyrek diizeni. Bol gegirgen arazi ortisii
(alcak bitkiler, seyrek agaglar).

Agir sanayi Alcak ve orta katli endistriyel yapilar (kuleler,

S, tanklar, bacalar). Az veya hic agag yok. Arazi
1 0 ortisti ogunlukla kaplamali veya stkagtinlmis.

Metal, celik ve beton yapi malzemeler.

yapraksiz agaglar
T:yum gorus faktorii. Azalmi albedo.

s. kar drtisi 10 cm'den derin kar ortisu. Disuk admittans.
Yiksek albedo.

d. kuru zemin Kavrulmus toprak. Diisiik admittans. Yiksek
Bowen orani. Artmig albedo.

w. islak zemin

Su basmug toprak. Yiiksek admittans. Diigik
Bowen orani. Azalmi albedo.

WUDAPT

Sekil 1. LCZ classification scheme (Demuzere at al., 2021)

LCZ yaklagimmin onemli avantajlarindan biri, farkli kentsel alanlarin
karsilastirilmasina olanak taniyan ortak bir mekansal dil olusturmasidir.
Geleneksel arazi kullanim siniflarinin aksine LCZ'ler, dogrudan kentsel iklim
stiregleriyle iligkili fiziksel 6zellikleri one ¢ikarmaktadir. Bu nedenle farkli
kentlerde ve iklim kusaklarinda yiiriitiilen c¢aligmalarin aymi terminoloji
iizerinden birbiriyle kiyaslanmasit miimkiin olmaktadir. Ayn1 zamanda LCZ'ler,
kentsel morfoloji ile ¢evresel performans arasindaki iligkinin kurulmasinda
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kullanilabilecek Gnemli bir ara¢ niteligi tasimaktadir (Bechtel et al., 2015;
Stewart & Oke, 2014).

Ornegin kompakt yapilasma ile acik yapilasma bicimlerinin birbirinden
ayrilabilmesi ve yogun agaclik alanlarin, diisiik bitki ortiisiine sahip agik alanlarin
ya da su yiizeylerinin yapilagmig alanlardan ayri olarak tanimlanabilmesi, kentsel
termal ortamin yorumlanmasina 6nemli katki saglamaktadir. Bu ayrim, 6rnegin
yliksek yapilagma yogunluguna sahip iki alanin arazi kullanimi bakimindan ayn
kategoride yer almasina ragmen, bina yiiksekligi veya yesil alan oran1 nedeniyle
farkli termal davranis sergilemesini agiklamaya yardimci olmaktadir.

Bu agidan LCZ'ler, iki farkli alan arasinda bir ara yiiz gorevi gorebilmektedir
(Sekil 2):

iklim amalizi
I iﬂq

Isil performans

( \
A 0- =
’ H *.Kentsel morfoloji 5 LCZ tanimlamasi
i A Fiziksel girdiler Standart siniflandirma

HEH Bina ytiiksekligi LCZ 1-10: yapilasmis & Yiizey sicakhigi (LST)
g Bina taban alani orani @ LCZ A-G: dogal orti %” Hava sicakhgi dlgimi
gg Gékyiizii gériis faktori o{, WUDAPT yéntemi O Ist adasi siddeti (UHI)
/E\ Sokak geometrisi (H/W) Q Uydu gériintdileri gc Termal konfor (UTCI)
ﬂ Gegirimsiz ylizey orani g CBS ve bina verisi & Mikroklima similasyonu
@ Bitki ve agag ortiisii CO:} Dogruluk analizi Giindiiz-gece farki

l

Planlama kararlari
Yogunluk, yikseklik, yesil altyap:

Sekil 2. LCZ c¢ercevesinin kentsel morfoloji ile iklim degerlendirmesi arasindaki ara
yiiz islevi

Bu ara yiiz 6zelligi, LCZ'lerin yalnizca bilimsel aragtirmalarda degil, planlama
pratiginde de kullanilabilmesine yonelik 6nemli bir potansiyel olusturmaktadir.
LCZ haritalari, imar plani kararlari, yogunluk ve yiikseklik diizenlemeleri, yesil
altyapt planlamasi ve kentsel donilisiim alanlarinin Onceliklendirilmesi gibi
siireglerde, kentin termal agidan kritik bolgelerinin belirlenmesine ve miidahale
stratejilerinin gelistirilmesine destek saglayabilir.
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4. LCZ Smiflandirmasindan iklim Direncli Planlamaya
4.1. Smiflandirmanin 6tesine gecmek

LCZ yaklagiminin kentsel iklim aragtirmalarinda yayginlasmasi, kentlerin
fiziksel yapisina iligkin Onemli miktarda mekansal bilgi dretmistir.
Standartlagtirilmis simiflar sayesinde farkli kentlerdeki yapilasma bicimleri,
yogunluk diizeyleri ve yiizey Ozellikleri ortak bir dil {izerinden
tanimlanabilmekte, bu da karsilastirmali calismalarin 6niinii agmaktadir (Lehnert
et al., 2021; Stewart & Oke, 2012). Ancak bir alanin LCZ sinifinin belirlenmesi,
tek basma bir planlama miidahalesi anlamina gelmemektedir. LCZ haritasi,
kentin fiziksel yapisini tanimlayan bir envanter niteligi tagimakta; bu envanterin
hangi alanlarda, hangi nedenlerle ve kimler i¢in bir sorun olusturdugunu
kendiliginden ortaya koymamaktadir (Han et al., 2024; Siit¢iioglu & Kalayeci,
2025). Buradaki temel soru, LCZ bilgisinin planlama kararlarina nasil
doniistiiriilebilecegidir.

Lcz Termal iyet |, Kirlganlik . Planlama
Fiziksel yapi - emllél‘l kr;ir\'tflye | Etl:\'\-{engeabr\lh: ik - midahalesi .
Baglama gore karar

LCZ haritasi Yizey sicakligi Yash niifus Yogunluk karari
Yap! yogunlugu Hava sicaklig Cocuk niifus Yesil altyapi
Bina yiikseklig Isi adasi siddeti Gelir diizeyi Sokak geometrisi
Gokyuizi gorusu Termal konfor Konut kalitesi Yiizey malzemesi
Yiizey gegirgenligi Giindiiz-gece farki Saglk durumu Golgeleme
Yesil rti Asin sicak glinler Serin alan erisimi Dondsum onceligi

l

Iklim direngli planlama

Yuksek maruziyet ve kirlganlik ncelikli

Sekil 3. LCZ'den planlama miidahalesine kavramsal siireg

Bu yaklagimda (Sekil 3) LCZ, alanin fiziksel yapisini tanimlamaktadir. Bina
yiiksekligi, yapilasma yogunlugu, gokylizii goriis faktori, ylizey gecirgenligi ve
bitki Ortiisii gibi Ozellikler, ilgili alamin termal davramiginin zeminini
olusturmaktadir. Termal maruziyet degerlendirmesi ise bu fiziksel yapimin
iklimsel kosullarla nasil etkilestigini ortaya koymaktadir. Bu asamada yiizey ve
hava sicakligi, giindiiz ve gece sicaklik farklari, 1s1 adasi siddeti veya termal
konfor gostergeleri gibi 6l¢iitler kullanilarak, hangi alanlarin asir1 sicakliga daha
fazla maruz kaldig1 belirlenebilir. Ayn1 LCZ simifinda yer alan alanlarin bile
bolgesel iklim kosullari, topografya veya su yiizeylerine yakinlik gibi etkenlere
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bagli olarak farkli maruziyet diizeyleri gosterebilecegi g6z Oniinde
bulundurulmalidir.

Kirlganlik analizi ise ortaya c¢ikan cevresel kosullardan hangi niifus
gruplarinin, faaliyetlerin veya altyapilarin daha fazla etkilenebilecegini
degerlendirmektedir. Ayn1 diizeyde 1siya maruz kalan iki alanda etkiler, niifusun
yas yapisi, gelir diizeyi, saglik durumu, konut kalitesi veya sogutma ve golge
alanlarma  erisim gibi  etkenlere baglhi olarak belirgin  bigimde
farklilasabilmektedir. Ornegin yash niifusun yogun oldugu, yesil alana erisimin
sinirli oldugu ve konut kalitesinin diisiik oldugu bir mahalle, ayni termal kosullara
sahip bagska bir alana kiyasla ¢ok daha yiiksek bir risk tasiyabilir. Bu nedenle
maruziyet ve kirilganlik birlikte ele alindiginda, miidahale 6nceliginin yalnizca
en sicak alanlara degil, 1s1 stresinin insan ve altyapi iizerindeki etkisinin en
yiiksek oldugu alanlara yonelmesi miimkiin olmaktadir.

Son agsamada planlama miidahaleleri, kentsel baglama gore belirlenmektedir.
Miidahale segenekleri; yogunluk ve yiikseklik diizenlemeleri, yesil altyapinin
giiclendirilmesi, sokak geometrisi ve yonlenme kararlari, yiizey malzemesi
secimi, goOlgelenme  stratejileri ve  kentsel doniisim  alanlarinin
onceliklendirilmesi gibi genis bir yelpazeyi kapsayabilir. Hangi miidahalenin
uygun oldugu ise alamin LCZ smifina, termal maruziyetin niteligine ve
kirilganlhigin kaynagina baglhdir.

Boyle bir yaklasim, biitiin kentsel alanlarin ayni 1s1 azaltma stratejisine ihtiyag
duydugu varsayimindan uzaklagsmayi saglamaktadir. Kompakt ve yiiksek
yogunluklu bir alanda oncelik gece sogumasmi destekleyen havalandirma
koridorlar1 ve yesil altyapi olabilirken, acik ve diisiik yogunluklu bir alanda
golgelenmeyi artiran agag Ortiisii ve yiizey malzemesi iyilestirmeleri daha etkili
olabilir. LCZ, bu nedenle tek basina bir ¢éziim degil, baglama duyarli miidahale
stratejilerinin gelistirilmesine olanak taniyan bir baglangi¢ noktasidir.

4.2. LCZ temelli miidahale stratejileri

Farkli LCZ 6zellikleri, farkli planlama onceliklerinin ortaya ¢ikmasina neden
olabilir. Her LCZ simifi, yapilagma yogunlugu, bina yiiksekligi, yiizey 6zellikleri
ve bitki Ortiisii bakimindan farkli bir termal davranis profili sergiledigi i¢in, aym
miidahale her smifta ayni etkiyi yaratmayabilir. Bu nedenle stratejiler, sinifin
fiziksel ozellikleri ve bu o&zelliklerin 1s1 stresine katki bi¢imi g6z oniinde
bulundurularak belirlenmelidir (Tablo 1). Bu stratejilerin dncelik sirasi, ilgili
alandaki niifusun ve yap1 stokunun kirilganlik diizeyine gore de farklilagabilir.

Yogun ve kompakt yapilasmis alanlarda (LCZ 1-3) golgeleme, hava
hareketinin desteklenmesi, kamusal alan tasarimi ve yiizey oOzelliklerinin
iyilestirilmesi 6n plana ¢ikabilir. Bu alanlarda sinirh agik alan ve diisiik gokyiizii
goriis faktori, giindiiz gdlgelenmesini artirirken gece sogumasini giiclendirmeyi
zorlagtirabilmektedir. Dolayisiyla havalandirma koridorlarinin korunmasi, agik
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alanlarin yesil altyapiyla desteklenmesi ve yiiksek albedolu veya diisiik 1s1
depolama kapasiteli yiizey malzemelerinin kullanilmasi oncelikli segenekler
arasinda yer alabilir.

Agik ve diisik yogunluklu yapilasma alanlarinda (LCZ 4-6 ve LCZ 9) ise
mevcut bitki ortiisiiniin korunmasi, yeni yesil alanlarin olusturulmasi ve gegirgen
ylizeylerin artirilmasi daha uygulanabilir stratejiler olabilir. Bu alanlar genellikle
daha fazla a¢ik toprak ve bitki ortiisii potansiyeli tasidigi i¢in, gdlgeleme saglayan
aga¢ Ortlislinlin gliclendirilmesi ve yiizey gecirgenliginin korunmasi, ek
yapilagma baskist altinda bile termal kosullarin dengelenmesine katki
saglayabilir.

Hafif yapili algak yapilari bulundugu alanlarda (LCZ 7) ise bina malzemesi
ve yalitim kosullar1 belirleyici olabilir. Diisiik 1s1l kiitleye sahip hafif malzemeler,
giin iginde hizli 1Istnmaya ve i¢ mekanlarda 1s1 stresine yol agabilmektedir. Bu tiir
alanlar, bir¢ok baglamda diisiik gelirli ve konut kalitesi sinirh niifusla iligkili
olabildiginden, termal maruziyetin kirilganlikla birlestigi alanlar arasinda yer
alabilir. Sogutma ekipmanina veya yalitimli konut kosullara erisimin sinirl
oldugu durumlarda, ayn1 diizeyde 1s1ya maruz kalan niifusun yasayacagi etki daha
yiiksek olabilmektedir. Bu nedenle yansitici ¢ati ve cephe kaplamalari, malzeme
ve yalitim iyilestirmeleri ile golgeleme ve yesillendirme uygulamalari, bu
alanlarda oncelikli miidahaleler arasinda degerlendirilebilir.

Genis gecirimsiz yiizeylere sahip sanayi veya ticaret alanlarinda (LCZ 8 ve
LCZ 10) serin ylizey uygulamalar1, agaclandirma, yesil tamponlar ve golgeleme
elemanlar1 6ne ¢ikabilir. Biiyiik c¢ati alanlar1 ve genis otopark veya servis
ylizeyleri, 1s1 depolama ve yiizey sicakligi agisindan 6nemli bir potansiyel tasidigi
icin, yiiksek yansiticiliga sahip cati ve yiizey kaplamalar ile bitkilendirilmis
tamponlar yiiksek etkili miidahale alanlar1 sunabilir.

Dogal ortii siniflart (LCZ A—G) ise miidahale agisindan farkli bir rol
iistlenmektedir. Yogun agaglik alanlar, bitki ortiisii ve su yiizeyleri, kentin termal
dengesine katki saglayan unsurlar olarak korunmaya ve miimkiin oldugunca
birbirine baglanmaya deger alanlardir. Bu simiflar i¢in temel strateji, yeni
miidahaleler gelistirmekten ¢ok mevcut serinletici islevin yapilasma baskisina
kars1 korunmasidir.
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Tablo 1. LCZ gruplarina gore dncelikli miidahale stratejileri

LCZ grubu Temel termal sorun Oncelikli stratejiler

Yogun ve Sinirlt havalandirma, diisitk  Havalandirma koridorlarinin
kompakt gokyiizii goriis faktorii korunmasi, agik alanlarm yesil
yapilasmis alanlar nedeniyle zayiflayan gece  altyapiyla desteklenmesi,
(LCZ 1-3) sogumast, sinirlt agik ve golgeleme, kamusal alan

yesil alan

tasarimyi, yiiksek albedolu veya
diistik 1s1 depolamali yiizeyler

Acik ve diisiik
yogunluklu
alanlar (LCZ 4-6,
9)

Dogrudan giines
radyasyonuna maruz
ylizeyler, ek yapilasma
baskisi altinda bitki Ortiisii
ve acik toprak kaybi

Mevecut bitki ortiisiiniin
korunmasi, yeni yesil alanlarin
ve agag Ortiisliniin olugturulmasi,
gegirgen yiizeylerin artirilmasi

Hafif yapih alcak
yapilar (LCZ 7)

Diistik 1s11 kiitleli,
cogunlukla hafif ¢at1 ve
duvar malzemeleriyle
yapilmis binalarda yiiksek
1s1 kazanci ve smirli i¢
mekan serinleme olanagi

Yansitici ¢at1 ve cephe
kaplamalari, yapt malzemesi ve
yalitim iyilestirmeleri,
golgeleme, bina gevresinde
agaclandirma ve yesillendirme

Genis gecirimsiz
yiizeyli sanayi ve
ticaret alanlar:

Biiyiik cat1 ve otopark
yiizeylerinde yiiksek 1s1
depolama ve yiizey

Serin cat1 ve ylizey uygulamalari,
agaclandirma, yesil tamponlar,
golgeleme elemanlart

(LCZ8,10) sicakligi

Dogal ortii Yapilagma baskisi altinda Mevcut islevin korunmasi,
siniflar1 (LCZ A-  serinletici islevin kayb1 pargali alanlarin birbirine

G) baglanmasi, su ylizeylerinin ve

agaclik alanlarin korunmasi

Kaynak: Yazar tarafindan hazirlanmustir.

Bu stratejilerin planlama siirecinde uygulanabilmesi, imar planmi kararlari,
yapilagsma kosullari, yesil alan ve acik alan diizenlemeleri ve tasarim rehberleri
gibi planlama araglariyla iliskilendirilmesini gerektirmektedir. LCZ temelli
analiz, bu araglarin hangi alanlarda ve hangi onceliklerle kullanilacagma dair
mekansal bir yonlendirme saglayabilir.

Ancak bu iliskiler kesin ve degismez kurallar olarak degerlendirilmemelidir.
Aym LCZ smifi farkli iklim bdlgelerinde, farkli topografik kosullarda veya farkli
sosyoekonomik yapilarda farkli ¢evresel sonuglar ortaya ¢ikarabilir. Bu nedenle
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LCZ'ler yerel ¢evresel degerlendirmelerin yerine gecen degil, bu
degerlendirmeleri yapilandiran ve yonlendiren bir ¢ergeve olarak ele alinmalidir.

5. Yesil Altyapr ve Cok Olgekli Kentsel Tasarim
5.1. Yesil Altyapimin LCZ ile Biitiinlestirilmesi

Yesil altyapi, kentsel 1s1ya uyum konusunda en fazla tartigilan yaklagimlardan
biridir. LCZ tabanli planlamanin yesil altyapr acisindan ©6nemi, bitkisel
miidahalelerin ¢evresindeki kentsel morfolojiyle birlikte degerlendirilmesine
olanak  saglamasidir. Bitki  Ortlisiiniin ~ termal  etkisi;  golgelenme,
evapotranspirasyon ve hava akisi iizerindeki etkilerin yapilasmis cevreyle
etkilesimine bagli oldugundan, aym: miidahale farkli morfolojik baglamlarda
farkli sonuglar dogurabilmektedir.

Bu nedenle yalnizca toplam yesil alan miktarinin artirilmasi yerine, bitki
oOrtlistiniin kentin hangi boliimlerinde bulundugu, yaya seviyesinde golgeleme
saglaylp saglamadigi, yesil alanlarin birbirleriyle ve yaya giizergahlariyla
baglantili olup olmadig1, mevcut olgun agaglarin korunup korunamayacagi, bitki
oOrtiistiniin, ¢evresindeki yapilagmis alanlarin morfolojisiyle nasil etkilestigi, su
kaynaklarinin sinirh oldugu bolgelerde bitkilendirme stratejilerinin siirdiiriilebilir
olup olmadig1 gibi faktorlerin dikkate alinmasi daha uygundur.

LCZ haritalari, hangi kentsel morfolojilerin baskin oldugunu ve yesil
altyapinin hangi bi¢imlerde biitiinlestirilebilecegini anlamaya yardimci olabilir.
Yogun yapilasmig alanlarda biiylik yeni parklar olusturmak fiziksel olarak
miimkiin olmayabilir; bu durumlarda sokak agaglari, cep parklar, yesil avlular,
golgeli yaya baglantilari, yesil ¢atilar ve dikey bitkilendirme gibi kiiciik dl¢ekli
miidahaleler birlikte degerlendirilebilir. Daha diisiik yogunluklu alanlarda ise
mevcut bitki Ortiisiiniin ve gegirgen yiizeylerin korunmasi, yeni yesil alan
olusturmaktan daha 6nemli bir planlama hedefi olabilir. Bu nedenle planlama
sorusu "Kentte ne kadar yesil alan var?" seklinde degil, "Yesil altyap1 nerede ve
hangi bigimde kentsel iklim kosullarini iyilestirebilir?" seklinde ele alinmalidir.

5.2. Cok Olgekli Planlama Yaklasim

Kentsel planlama farkli mekansal Olg¢eklerde gerceklesmektedir. LCZ'ler
ozellikle kent ve mahalle 6l¢eginde kentsel morfolojinin anlagilmasi agisindan
yararli olmakla birlikte, elde edilen bilgiler parsel, sokak ve kamusal alan
Olceklerindeki kentsel tasarim kararlarim1 da destekleyebilir. Kent ve mahalle
Olceginde LCZ bilgisi benzer morfolojik 0zelliklere sahip alanlarin
belirlenmesini saglarken, sokak ve kamusal alan 6lgeginde gblgeleme, gokyiizii
goriis faktori, riizgar maruziyeti, yilizey sicakligi ve bitki ortiisii gibi daha ayrintili
bilgiler miidahale kararlarinin temelini olusturabilir (Tablo 2).
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Tablo 2. Planlama 6l¢eklerine gére LCZ'nin roli

Planlama LCZ'nin rolii ve kullanilan Ornek miidahaleler

olcegi veri

Kent dl¢egi Baskin LCZ oériintiilerinin ve Kent geneli yesil altyap1 ve
kentsel termal risk yapisinin havalandirma koridoru
belirlenmesi. Kullanilan veri: kurgusu, oncelikli miidahale
LCZ haritast, ylizey sicakligi alanlarmin belirlenmesi, nazim
(LST), niifus ve arazi kullanim1  plan diizeyinde yogunluk ve
verileri. yiikseklik kararlart

Mahalle 6l¢egi  Benzer morfolojik 6zelliklere LCZ grubuna uygun yogunluk
sahip alanlarin gruplanmasi ve ve yapilasma kosullart, yesil
iklim uyumuna yonelik alan ve agik alan
onceliklerin belirlenmesi. diizenlemeleri, kentsel
Kullanilan veri: LCZ haritasi, doniisiim alanlarimin
bina ve parsel verileri, onceliklendirilmesi
sosyoekonomik gostergeler.

Sokak ve LCZ bilgisinin ayrintili Sokak agaclar1 ve golgeli yaya

kamusal alan
olcegi

analizlerle tamamlanarak
miidahale kararlarina zemin
olusturmasi. Kullanilan veri:
gokylizii goriis faktori,
golgelenme, riizgar maruziyeti,
ylizey sicaklig, bitki ortiisii.

baglantilari, ylizey malzemesi
sec¢imi, cep parklar,
havalandirmay1 destekleyen
sokak diizenleri

Kaynak: Yazar tarafindan hazirlanmistir.

Bu olgeklerin birbirleriyle iliskilendirilmesi onemlidir; ¢linkii insanlarin
deneyimledigi termal kosullar, kentsel morfoloji, atmosferik kosullar ve insan
faaliyetlerinin etkilesimi sonucunda ortaya ¢ikmaktadir.

6. Gelisen Teknolojiler ve Planlamaya Katkilar

Teknolojik gelismeler, LCZ yaklasiminin daha dinamik ve ayrintili iklim
duyarli planlama sistemlerine entegre edilmesi i¢in yeni olanaklar sunmaktadir.
Bu boliimde teknolojiler, kentsel izleme sistemlerinin teknik ayrintisindan ¢ok,
planlama kararlarina sagladiklar1 katki agisindan ele alinmaktadir. LCZ tabanli
kentsel iklim izleme sistemlerinin sistematik bir degerlendirmesi ve entegre bir
izleme gercevesi ayr1 bir ¢calismada sunulmustur (Siitglioglu, 2026).

Uydu ve hava kaynakli uzaktan algilama ile CBS, arazi ortiisii, bitki oOrtiisi,
yiizey sicakligi ve kentsel morfoloji hakkinda giderek daha ayrintili mekénsal
bilgi saglamakta; bu bilgi LCZ haritalarinin iiretimini ve termal kosullarin
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mekansal olarak degerlendirilmesini miimkiin kilmaktadir. Insansiz hava araclari
(IHA) ise termal, multispektral ve LiDAR sensorleriyle sokak ve yapi
Olcegindeki kiiciik mekansal farkliliklarin belirlenmesine olanak vererek,
LCZnin genel simflandirmasim daha ayrintili miidahale kararlariyla
tamamlayabilmektedir. Diisiik maliyetli sensor aglar da yiizey kosullarina iliskin
anlik goriintiileri glin i¢i ve mevsimsel degisimle tamamlayarak, uygulanan
miidahalelerin etkisinin izlenmesine zemin hazirlayabilir.

Yapay zeka ve makine dgrenmesi yontemleri, LCZ'lerden, uzaktan algilama
verilerinden ve bina geometrilerinden tiiretilen degiskenleri kullanarak kentsel
morfoloji ile gevresel performans arasindaki karmasik iligkilerin belirlenmesini
destekleyebilir. Kentsel dijital ikizler ise alternatif planlama senaryolarinin
fiziksel olarak uygulanmadan once test edilmesine olanak saglayan bir ortam
sunmakta; bu sistemlerde LCZ'ler, morfoloji ile ¢evresel performans arasindaki
baglantiy1 kuran temel mekansal katmanlardan biri olarak kullanilabilmektedir.
Bu teknolojilerin planlama baglamindaki asil degeri, haritalamadan senaryo
testlerine uzanan bilgi akisinin, baglama 6zgii iklim duyarh planlama kararlarini
bilgilendirmesidir.

7. Sinirhiliklar ve Biitiinlesik Kavramsal Cerceve
7.1. LCZ Tabanh Yaklasimlarin Sinirhiliklar:

LCZ yaklagiminin 6nemli potansiyeline ragmen, iklim direngli planlamada tek
basina kullanilmasi bazi simirliliklar icermektedir. ilk olarak LCZ'ler morfolojik
ozelliklerin genellestirilmis bir temsilini sundugundan, ayni siniftaki iki alan agag
ortiisii, ylizey malzemeleri, bina yonlenmesi veya yerel hava hareketleri agisindan
onemli farkliliklar gosterebilir. Ikinci olarak mekansal simiflandirma gérece sabit
kalirken sicaklik ve diger mikroklimatik degiskenler giin i¢inde ve mevsimler
arasinda belirgin bi¢imde degismektedir. Ugiincii olarak iklimsel baglam biiyiik
Oonem tagir; bir iklim bdlgesinde olumlu sonug veren strateji bagka bir bolgede
ayni sonucu vermeyebilir, dolayisiyla LCZ tabanli planlama yerel gézlem ve
modellemelerle desteklenmelidir. Dordiincii olarak LCZ haritalarinin dogrulugu
girdi verisinin ¢oziiniirliigiine ve kullanilan liretim yontemine baglidir.

Son olarak sosyal kirilganlik LCZ sistemi tarafindan dogrudan temsil
edilmemektedir. Iklim direnci yalmzca fiziksel cevrenin degil; niifus
Ozelliklerinin, ag¢ik alan kullaniminin, serinleme olanaklarina erisimin,
sosyoekonomik kosullarin ve kritik altyapilarin da dikkate alinmasini gerektirir.
Dolayistyla LCZ'ler eksiksiz bir iklim riski degerlendirme sistemi olarak degil,
cevresel ve sosyal bilgilerin lizerine entegre edilebilecegi morfoloji temelli bir
baslangi¢ ¢ercevesi olarak degerlendirilmelidir.

7.2. Biitiinlesik Kavramsal Cergeve

Yukaridaki tartismalar dogrultusunda LCZ tabanli iklim direngli planlama
yaklasimi, bes asamali bir ¢ergeve olarak ele alinabilir (Sekil 4). Ik dort asama,
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4.1'de sunulan LCZ'den planlama miidahalesine uzanan siireci (Sekil 3)
izlemekte; besinci agama ise bu siirece, miidahalelerin sonuglarini degerlendiren
bir izleme ve uyarlama boyutu eklemektedir.

Cergevede kentsel morfolojinin tanimlanmasi, sonraki agamalarin mekansal
temelini olusturmaktadir. Bu temel {izerinde termal maruziyet ve kirilganlik
birlikte degerlendirilerek miidahalenin nerede ve kimin icin dncelikli oldugu
belirlenmekte, miidahale stratejileri ise bu degerlendirmenin sonucuna ve alanin
morfolojik ozelliklerine gore gelistirilmektedir. Cercevenin ayirt edici yoni,
stirecin tek yonlii bir akis olarak degil, dongiisel bir yap1 olarak kurgulanmasidir.
Uygulanan miidahalelerin etkileri, cevresel gozlemler ve performans gostergeleri
aracilifiyla izlenmekte; elde edilen bulgular termal maruziyet degerlendirmesine
geri beslenerek planlama kararlarinin zaman iginde gilincellenmesini miimkiin
kilmaktadir.

1. Kentsel morfolojinin tanimlanmasi

LCZ siniflandirmasi: uzaktan algilama, CBS, morfolojik veri

l

2. Termal maruziyet

Yiizey ve hava sicakligi, radyasyon, riizgar, bitki 6rtisu

l

3. Kirllganlik degerlendirmesi

Nifus, hassas gruplar, altyapi ve arazi kullanimi
l ’ Geri bildirim
ve glncelleme

4. Baglama 6zgu mudahale

Morfolojik ve gevresel ézelliklere gére strateji

l

5. izleme ve uyarlanabilir yénetim

Performans gostergeleri ve cevresel gézlemler

Sekil 4. LCZ tabanli iklim direngli planlama i¢in bes asamali kavramsal ¢erceve
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Bu yaklasimda LCZ, iklim direngli planlamanin nihai ¢iktisi degildir; kentsel
fiziksel yapi ile iklim uyumu arasindaki iligkinin kurulmasinm saglayan baslangig
katmamdir.

8. Sonuc¢

Iklim degisikligi, kentsel formun yerel gevresel kosullar iizerindeki etkisinin
daha ayrintili anlasilmasini gerekli kilmaktadir. Geleneksel arazi kullanim
siniflandirmalar1 planlama agisindan 6nemli bilgiler saglamakla birlikte, kentsel
iklimi etkileyen morfolojik ozelliklerin tamamini temsil etmeyebilir. LCZ
yaklagimi, kentsel form ve arazi Ortiisiinii iklim siirecleriyle dogrudan iliskili
ozellikler tizerinden tanimlayarak bu boslugun doldurulmasina katki saglayabilir.

Bu bolimde LCZ'lerin yalnizca bir siniflandirma araci olmadigi, termal
maruziyet, kirilganlik, yesil altyapt ve c¢ok Olgekli tasarim kararlariyla
biitiinlestirildiginde planlama siirecinde yapilandirici bir rol iistlenebilecegi
tartisilmistir. Buradaki temel yaklasim, her LCZ sinifina 6nceden belirlenmis tek
bir miidahalenin atanmasi degil, LCZ'lerin baglama 6zgii uyum stratejilerinin
gelistirilmesi i¢in bir mekansal gereve olarak kullanilmasidir. Onerilen bes
asamali cergeve, bu yaklasimi morfolojinin tanimlanmasindan miidahalelerin
izlenmesine uzanan dongiisel bir siire¢ olarak yapilandirmaktadir.

Gelecekteki ¢caligmalar igin, 6zellikle planlama pratigine yonelik dort alan 6ne
cikmaktadir. ilk olarak, LCZ tabanl analizlerin imar plani kademeleri, yapilasma
kosullart1 ve tasarim rehberleri gibi mevcut planlama araglarina nasil
donistiiriilebilecegi, bu donilisiimiin mevzuat ve kurumsal kosullarla iligkisi
arastirilmalidir. Ikinci olarak, LCZ simiflar1 arasindaki doniisiimlerin (6r. agik
diisiik yogunluklu bir alanin kompakt yapilagmaya ge¢mesi) termal etkilerinin
degerlendirilmesi, yogunluk ve yiikseklik kararlarinin uygulanmadan once
sinanmasina olanak saglayabilir. Ugiincii olarak, LCZ bilgisinin kent ve mahalle
Olceginden sokak ve kamusal alan 6lgegindeki tasarim kararlarina taginmasinda
kullanilacak yontemler gelistirilmelidir. Dordiincii  olarak, yesil altyap:
miidahalelerinin farkli LCZ baglamlarindaki performansi; bitki tiirdi, su
gereksinimi  ve mekéansal siireklilik acisindan  karsilagtirmali  olarak
incelenmelidir. LCZ tabanli kentsel iklim izleme sistemlerinin teknik boyutu ise
ayr1 bir calismada ele alinmistir (Siitgiioglu, 2026).

Sonug olarak iklim direngli kentlere gegis, yalnizca arazi kullanimlarinin
nerede bulundugunu belirlemekten oteye gegerek, kentsel fiziksel yapinin
cevresel kosullar ve insan yagsamini nasil etkiledigini anlamay1 gerektirmektedir.
Bu doniisimde LCZ yaklasimi; kentsel morfoloji, kentsel iklim bilimi ve
planlama pratigi arasinda ortak bir dil olusturma potansiyeline sahiptir.
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1. INTRODUCTION

In the first quarter of the 21st century, the world population is urbanizing at
an unprecedented rate in history. According to United Nations reports, it is
projected that 68% of the world population will live in cities by 2050. This
demographic pressure brings along multi-layered crises such as the depletion of
limited natural resources, uncontrolled energy consumption, the rise of carbon
emissions, and the inadequacy of infrastructure systems. Traditional urban
planning methods and static architectural approaches are no longer sufficient to
resolve these complex and dynamic problems. In this context, architecture and
urban planning disciplines have sought a new paradigm that integrates the
physical world with the limitless possibilities offered by digital technologies.

Modern architecture and urban planning have today evolved beyond physical
forms and aesthetic concerns into a data-driven discipline supported by Building
Information Modeling (BIM), the Internet of Things (IoT), and Artificial
Intelligence (AI). While "data" is characterized as the new oil of modern cities,
processing this data and transforming it into meaningful information is of vital
importance (Suyabatmaz & Sever, 2024). Urban Digital Twins and the
Metaverse, which are the most advanced and comprehensive outcomes of this
transformation, constitute the cornerstone of smart city strategies.

Digital twin technology incorporates simulation and analysis capabilities into
urban management processes by creating virtual replicas of physical entities with
real-time data. This technology treats the city as a "living organism" and monitors
its pulse through instant data flows. The Metaverse, on the other hand, transforms
these technical models from a laboratory used solely by engineers into interactive,
social, and immersive platforms open to the active participation of citizens,
artists, and administrators.

Leading metropolises worldwide, such as Helsinki, Seoul, Singapore, and
Dubai, are bringing the "Smart Green City" vision to life by integrating these
technologies. This study aims to discuss how digital urban twins and Metaverse
technologies can be utilized as strategic tools not only as technological
innovations, but also in combating ecological crises and enhancing social welfare.

2. DIGITAL URBAN TWINS AND METAVERSE IN
ARCHITECTURAL DESIGN

2.1. The Digital Evolution of Architecture and Design

Architectural production has been a reflection of tools and technologies used
throughout human history. In ancient times and the classical period, architecture
relied on the manual shaping of local materials such as stone, wood, and clay, and
the principles of Euclidean geometry. Although the Industrial Revolution moved
this process to an industrial dimension through the use of steel and concrete, the
true digital breakthrough in architecture occurred in the second half of the 20th
century.
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The Computer-Aided Design (CAD) era, which began in the 1960s, liberated
architecture from the constraints of paper and pencil, carrying it into digital
precision. However, CAD was fundamentally limited to the digitization of
traditional drafting. With the rise of Parametric Design in the 1990s and 2000s,
architects such as Zaha Hadid and Frank Gehry made fluid forms and complex
geometries constructible. This period represented a digitalization focused on
"Form."

Today, the "Industry 4.0" and "Society 5.0" era in which we find ourselves
has evolved architecture beyond formal pursuits into an "Information"-focused
structure. Building Information Modeling (BIM) offers a multi-dimensional
database containing not only the geometry of a structure, but also its material
information, cost, energy performance, and timeline.

2.1.1. The Transformative Role of Digital Environments in Design
Processes

Digital platforms have ceased to be passive drafting tools for designers today,
becoming active partners (co-designers) in the creative process. Generative
Design algorithms can produce thousands of different design variations within
seconds under constraints (site, wind, sun, etc.) determined by the architect. This
transforms the architect's role from a "drafter" to a "curator and selector."

Furthermore, the integration of physical spaces with digital screens and
interactive surfaces has birthed the concept of "Media Architecture." As seen in
Lars Spuybroek’s projects, static walls are replaced by continuously changing
dynamic surfaces sensitive to user movements, sound, and light. Space is no
longer a static container, but an interface communicating with the user.

2.1.2. The Impact of Virtual Models on Designs and Application
Processes

Virtual Reality (VR) and Augmented Reality (AR) technologies minimize
uncertainties in the architectural process by allowing designs to be experienced
before construction begins. While in traditional methods the interior quality or
lighting conditions of a building can only be fully understood after construction
is complete, today hyper-realistic virtual models allow clients and architects to
walk inside the building and experience material and lighting simulations
firsthand. This ensures that erroneous decisions are caught at an early stage,
offering significant savings in construction costs and preventing waste
generation.

2.2. The Concept of Digital Urban Twins and Its Technological
Foundations

A Digital Twin is a dynamic, living virtual replica of a physical entity, process,
or system powered by real-time data. The fundamental difference that
distinguishes this concept from a simple 3D model is its real-time data
connection. A 3D model is static and reflects the state at the moment of its
creation; a digital twin is continuously updated with sensor data, living, aging,
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and changing alongside its physical counterpart (Grieves & Vickers, 2017)
(Figure 1)

DIJITAL KOPYA
(ANALIZ)

FiZIKSEL SEHIR
(EYLEM/MUDAHALE)

Figure 1. Working Principle and Data Cycle of Digital Urban Twins (Source: Generated
with AI).

Applied at the city scale, "Urban Digital Twins" combine a city's complex
systems (transportation, energy, water, waste, population mobility) into a single
digital cockpit. This system serves as a powerful decision-support mechanism
used to manage the present by analyzing past data and to simulate the future using
current data.

2.2.1. Elements and Data Sources of Digital Urban Twins

Digital urban twins are built upon four fundamental components that
transform physical reality into a virtual simulation: physical assets, advanced
modeling, data integration, and decision-support mechanisms. The foundational
physical components—concrete elements such as structures, transportation
networks, and energy lines—are transferred to the digital universe through
continuous monitoring via sensors, [oT devices, and geographic information
systems (Peldon et al., 2024, p. 111). In this process, BIM systems provide
detailed digital representations of buildings, while smart sensors supply real-time
dynamic data such as traffic density and air quality (Sariay, 2024, p. 20).

During the modeling and simulation phase, urban scenarios are tested using
geographic information systems and high-precision 3D technologies. The impact
of green space expansion on pollution or the outcomes of traffic regulations can
be analyzed in these digital laboratories prior to physical implementation (Luo et
al., 2025, p. 156; Abdelfattah, 2024, p. 22). The data integration component
combines information from diverse sources with the aid of big data analytics and
artificial intelligence, establishing a predictive link between the present and the
future. These analytical processes enable the generation of crisis scenarios and
strategic plans across numerous domains, ranging from disaster management to
energy efficiency (Diaz-Sarachaga, 2024, p. 156).
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The effectiveness of the system depends on the diversity of the data sources
feeding it. While [oT devices measure instant urban parameters, satellite imagery
and UAV data offer high-resolution visual infrastructure for spatial analyses
(Peldon et al., 2024, p. 111; Abdelfattah, 2024, p. 25). Public statistics and
feedback provided by citizens through social media and mobile applications
allow urban management processes to become more participatory and responsive
to public demands (Diaz-Sarachaga, 2024, p. 156).

2.2.2. Technological Infrastructure: IoT, Al, and Big Data

The brain of digital twins is Artificial Intelligence (AI), and their nervous
system is Internet of Things (IoT) technology. loT devices gather terabytes of
data every second from every corner of the city. However, this massive data stack
(Big Data) remains meaningless unless processed. Al and machine learning
algorithms detect patterns within these complex datasets. For instance, by
learning the days and hours of the week when traffic density peaks at an
intersection, traffic light timings are automatically optimized.

System speed and response time (latency) have dropped to the millisecond
level with 5G technology. This speed is of vital importance, particularly for
autonomous vehicle management and emergency interventions. Furthermore,
"Edge Computing," which ensures that data is processed where it is produced
rather than on centralized servers, is another critical technology enhancing system
efficiency.

2.2.3. Data Security, Ethics, and Cyber Resilience

With the widespread adoption of digital twins, the concept of "Cyber City
Security" has emerged. Managing a city's electricity grid, dam gates, or traffic
signaling via a digital interface makes these systems direct targets for
cyberattacks. It is mandatory to develop "Cyber Resilience" strategies against
such attacks that could trigger chaos in the physical world (Al-Shareeda et al.,
2025).

Additionally, the continuous monitoring of citizens' instant location data and
consumption habits brings forth debates on "Privacy" and the "Surveillance
Society." For digital twins to gain social acceptance, data must be anonymized,
full compliance with legal frameworks such as GDPR and KVKK must be
ensured, and data integrity must be transparently protected using Blockchain
technology.

2.3. Strategic Roles of Digital Urban Twins in Smart Green Cities

Digital urban twins are defined as dynamic, living, and interactive reflections
of physical cities in the digital realm. This advanced technology increases
efficiency in urban planning and architectural production processes by combining
real-time data streams, 3D modeling, and analytical prediction methods (Diaz-
Sarachaga, 2024, p. 156). Digital urban twin systems offer significant solutions
in developing sustainable models in urban design, optimizing infrastructure
networks, and enhancing urban resilience (Abdelfattah, 2024, p. 33).
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There are three core elements improving the decision-making mechanisms of
the system:

1. Data collection systems that monitor urban mobility and environmental
changes in real-time (Luo et al., 2025, p. 156).

2. Simulation tools that integrate geographic information system
technologies to allow scenario testing on the virtual copy of the city.

3. Forecasting systems modeled by artificial intelligence algorithms
regarding the future development trajectory of the city (Sai et al., 2024, pp. 1-3).

At the architectural scale, digital urban twins are critical for optimizing
building performance. Environmental factors such as energy consumption,
natural lighting, and ventilation are simulated during the design phase, enabling
the construction of sustainable buildings (Osama, 2024, pp. 2-4). Smart building
systems supported by IoT sensors manage energy efficiency by predicting
maintenance processes beforehand, while damage analyses in the restoration of
historical buildings are conducted on a digital plane, adding precision to
conservation projects (Allam et al., 2022, p. 773).

In terms of cultural heritage preservation, digital twins act not only as physical
documentation tools, but also as digital sustainability tools safeguarding the
cultural and natural heritage of regions under the threat of climate crisis within a
digital environment. These digital archives constitute fundamental data sources
for future restoration and reconstruction processes (Babaoglu & Memis, 2024, p.
30).

From an urban planning perspective, digital twins offer comprehensive data
analysis ranging from the optimization of transportation networks to the efficient
distribution of green areas (Abdelfattah, 2024, p. 24). Long-term impacts of
climate change and issues like urban heat islands are simulated on these models
to increase the environmental resilience of cities (Wang et al., 2025, pp. 2-3;
Peldon et al., 2024, p. 3). In disaster management, determining evacuation routes
during crises such as earthquakes, floods, or fires, and managing intervention
plans with real-time data reduce loss of life and property while accelerating
recovery processes (Cubukgu et al., 2024, p. 10; Doruk, 2022, p. 33).

Given that urban areas account for 75% of global greenhouse gas emissions,
the construction of smart and resilient cities is mandatory in line with the Paris
Agreement and United Nations 2030 Sustainable Development Goals (Bibri,
2021, p. 16). Digital twins and the metaverse play a significant role in achieving
decarbonization targets (Allam et al., 2022, p. 775). Processes such as renewable
energy system integration, carbon footprint tracking, and resource efficiency are
managed more realistically through digital urban twin-based analyses (Yikici,
2023, p. 141).

From a public administration perspective, digital twins support a transparent
and data-driven governance model. Optimizing material consumption and labor
planning in construction processes through simulations reduces costs while
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increasing operational efficiency (Tao et al., 2018, p. 3566). Thanks to load
forecasting and equipment monitoring in energy distribution networks, outages
are prevented, contributing to the urban economy (Madubuike et al., 2022, p.
150).

Digital urban twins lie at the intersection of environmental, economic, and
social sustainability. This technology produces innovative solutions to the
complex challenges of urban life while ensuring the creation of inclusive and
livable cities that better analyze citizens' needs (Semanjski, 2023, p. 227; Gokkus
& Keten, 2022, p. 143).

2.4. Integration of Digital Urban Twins and the Metaverse

The architectural design process has evolved throughout its historical
development beyond aesthetics and functionality into a multi-layered structure
where technology, social dynamics, and environmental data are integrated.
Integration represents a foundational principle representing the holistic
relationship a structure establishes with its physical environment as well as its
technological infrastructure and social context (Emmitt, 2012, p. 22). In the
digital age, this concept has encompassed new parameters such as building
information modeling, smart systems, and user-centric design. In particular,
building information modeling technology enables systems such as energy use,
acoustics, and ventilation to be managed together by combining data from
different disciplines into a common platform (Moneta, 2020, p. 39).

The social dimension of integration involves aligning design with the needs
of local communities and encouraging participatory processes (Giresun Erdogan
& Kutsal, 2024, p. 183). The emergence of the Metaverse has carried this
integration requirement to the boundary between physical and virtual worlds.
Virtual and augmented reality applications have initiated a feedback-oriented
design process by allowing structures to be experienced before they are built
(Diizenli & Perdahg1, 2023, p. 168). Today, architectural production is redefined
with this holistic understanding in light of smart city goals, digital twins, and
sustainability principles (Yorulmaz, 2023, p. 34).

Zaheer Allam (2022) addresses the relationship between the metaverse and
digital urban twins as the future of urban planning and urban governance. While
digital urban twins create virtual reflections of cities, the metaverse transforms
these models into interactive, real-time platforms open to user experience (Allam
et al., 2022, p. 774). While traditional digital twins are generally passive analysis
tools used by engineers, the metaverse makes models dynamic by enabling the
active participation of citizens and administrators (Arvas, 2022, p. 56). This
integration offers immersive simulations for disaster management, traffic
optimization, and infrastructure planning. It creates new digital opportunities in
areas such as resource management, real estate, tourism, and combating climate
change. The relationship that urban infrastructure systems will establish with new
structures is analyzed using digital twin models (Allam et al., 2022, pp. 775-776).
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Governments worldwide are framing the metaverse ecosystem as a platform
for delivering urban services. The Shanghai Municipal Government announced a
five-year metaverse development plan supported by smart sensors and blockchain
in 2021. South Korea’s Metaverse Seoul project stands out as one of the most
ambitious initiatives in this field. Implemented with a $3.3 million investment,
this platform allows citizens to use virtual municipal offices, participate in
festivals, and experience tourist areas in a digital environment (Squires, 2021).
Similarly, Santa Monica offers a social metaverse experience supporting the local
economy through the FlickPlay application (Donato, 2021).

The integration of the metaverse and digital urban twins is built upon four
fundamental technical stages shaping the future of urban governance. In this
process, data management covering the transfer of geographic information
system, building information modeling, and IoT data to cloud systems via
standard protocols such as IFC and CityGML; synchronization enabling instant
reflection of interactions in the virtual world onto physical systems; immersive
visualization constructed with VR, AR, and mixed reality; and artificial
intelligence analytics optimizing participatory planning processes come together.
This synthesis constitutes a turning point in the development of smart cities,
enabling a more transparent, data-driven, and sustainable planning paradigm. In
the future, thanks to interdisciplinary collaborations and rigorous technological
adaptation processes, producing much more inclusive and resilient urban
solutions is foreseen by protecting data security, privacy, and ethical principles
(Allam et al., 2022, p. 777, Damar, 2021, p. 38).

2.4.1. The Concept and Evolution of the Metaverse

The Metaverse refers to a fictional and digital world positioned beyond the
physical universe, where virtuality and reality are experienced simultaneously.
Proposed Turkish equivalents submitted to the Turkish Language Association,
such as Gte evren, birlesik evrenler, or iist gerceklik, reflect the multi-dimensional
and complex structure of this concept (Terzi, 2022). Although the concept's origin
dates back to Neal Stephenson’s 1992 novel "Snow Crash,”" today it has
transformed into a real technological ecosystem driven by infrastructural
advancements such as 5G cloud technologies and the internet of things
(Mystakidis, 2022, p. 489; Giiven & Giiven, 2022, p. 1795).

The Metaverse is built upon the "Spatial Computing" principle, where users
remain in constant connection with digital objects. While platforms like Roblox,
Decentraland, and Sandbox constitute the initial building blocks of this world,
tech giants like AWS, Azure, and Nvidia develop tools to support this universe
(Cheng, 2023, p. 775). In particular, blockchain technology plays an important
role in establishing trust among stakeholders by securing digital ownership
through NFTs and offering alternative payment methods (Wang et al., 2022, p.
324).

From a cultural and social perspective, the Metaverse has evolved beyond a
simple gaming platform—as seen in the example of Fortnite—into virtual
concerts and social interaction spaces attended by millions of avatars (Giiven &
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Giliven, 2022, p. 1795). Described as a "world twin" by Leon Ng and an
"experience ecosystem" by Matthew Ball, this structure offers a wide range of
activities from education to marketing, virtual museum tours to business meetings
(Kara, 2024, p. 36). Characterized as the next-generation three-dimensional
internet, the Metaverse, although still in its development stage, requires an
accessible and powerful technological infrastructure to become an integral part
of daily life in the future (Gadekallu et al., 2022, pp. 2-4).

2.4.2. Metaverse and Digital City Simulations

The Metaverse frees architectural design processes from the rigid constraints
of the physical world, carrying them into an experimental plane where scientific
data and freedom intersect. While traditional architecture is shaped by physical
constraints such as form, material, and gravity, the Metaverse reinterprets these
elements with digital flexibility, confronting designers with a more dynamic and
interactive process (Schumacher, 2022, pp. 1-3).

When integrated with digital urban twins, Metaverse platforms transform into
living simulation laboratories based on real-world data. Powered by sensors,
satellite imagery, and geographic information system data, these models offer
decision-makers strong predictive capabilities in areas such as traffic
management, infrastructure projects, and environmental analyses (Tao et al.,
2018, p. 3566). While traffic flow simulations determine road expansion needs,
air pollution models can pre-test the ecological impacts of green space expansion
(Alam & El Saddik, 2017, p. 2054; Zheng et al., 2019, p. 1145).

The metaverse undertakes an important role particularly in modeling disaster
management and crisis scenarios. In metropolises like Tokyo and San Francisco,
structural risks and evacuation routes during earthquakes are optimized through
these simulations (Ahn et al., 2020, p. 22). Meanwhile, Singapore’s "Virtual
Singapore" project analyzes future growth scenarios in a virtual environment by
determining construction areas dependent on population growth (Tao et al., 2018,
p. 3567). In the preservation of historical heritage, digital simulations offer
interactive, timeless experiences to researchers and tourists in cities like Florence
and Paris (Diaz-Sarachaga, 2024, p. 4).

The Metaverse grants architects unlimited creative freedom independent of
physical obstacles such as gravity and material durability. Practices like Zaha
Hadid Architects have brought fluid and experimental forms to life in this
environment, transforming space into a user experience platform (Giresun
Erdogan & Kutsal, 2024, p. 181). Testing designs with VR/AR technologies
before they are built ensures the optimization of elements like energy efficiency
and ergonomics, thereby providing resource savings in the physical world
(Giresun Erdogan & Kutsal, 2024, p. 181).

The fundamental contributions offered by the Metaverse to the architectural
process can be summarized under three main headings: digital spatiality, where
the concept of space transforms from a physical context into a virtual experience
platform; interactive design, which allows users to participate directly in the
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design process to provide feedback and personalize the space; and sustainability,
where physical resource usage is reduced through digital prototypes (Rawat &
Alami, 2023, p. 15; Schumacher, 2022, pp. 4-6). As a result of this technological
transformation, Metaverse architects transition from the traditional space
designer identity to interdisciplinary experience designers. This hybrid future
where physical and digital worlds intertwine encourages a much more inclusive,
participatory, and user-centric urbanism understanding, redefining the boundaries
of architectural production (Gaafar, 2021, pp. 69-70).

2.4.3. Integration of Virtual and Physical Cities

As a digital ecosystem where physical and virtual reality intertwine, the
Metaverse constructs a new paradigm in urban transformation processes.
Traditional urban planning methods have gained a multi-dimensional structure
by combining with the flexibility and simulation capacity offered by the
Metaverse. This environment grants designers the opportunity to test urban
projects on a digital plane before bringing them to life, deepen feasibility
analyses, and regulate resource utilization. Modeling a new transportation
network ensures that traffic dynamics, energy consumption, and ecological
impacts are comprehensively analyzed before reaching the construction stage
(Schumacher, 2022, pp. 6-7).

The Metaverse enables real-time monitoring of environmental data such as
carbon emissions and water management by offering a robust technological
infrastructure supporting the smart eco-city vision (Giresun Erdogan & Kutsal,
2024, p. 183). Hybrid city spaces emerging from the synthesis of physical and
digital domains carry social interaction beyond physical constraints via virtual
parks and digital squares. These platforms empower participatory governance and
inclusiveness by enabling citizens to experience projects in a virtual environment
and provide feedback (Diizenli & Perdahg¢i, 2023, p. 168).

Driverless vehicle routes tested in the virtual world or digital modeling aimed
at preserving cultural heritage contribute to producing applicable and sustainable
outputs in the physical world. The success of this integration depends on
observing ethical, accessible, and egalitarian design principles beyond
technological infrastructure. When addressed with appropriate governance
strategies, the Metaverse constitutes the foundation of a hybrid future that makes
urban decision-making processes more transparent and creative (Schumacher,
2022, pp. 8-10).

3. GLOBAL CASE STUDIES OF DIGITAL URBAN TWINS

This section examines the practical applications of the technologies whose
theoretical frameworks have been outlined across different geographies and
visions.

3.1. Helsinki City Digital Twin Application

The Helsinki city digital twin project serves as a global reference point for the
integration of digital technologies into urban planning, environmental
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sustainability, and civic participation processes. This high-resolution model
covering the entire city exhibits full alignment with the environmental awareness
and energy saving criteria of Zaheer Allam and Matthew Ball through its energy
efficiency and resource management strategies. The Helsinki digital twin
establishes a connection between the physical urban fabric and the digital
universe. Built with high-resolution Lidar scans and aerial photographs, the
model maps transport networks, infrastructure systems, and building stocks in
detail. Integrated with IoT devices, the system can simulate dynamic variables
such as energy consumption and traffic density in real-time. This connectivity
capacity strengthens Helsinki’s digitalization vision (Hdmaél&dinen, 2021, p. 204).

Region Infoshare, 2018).

One of the project's most striking aspects is its contribution to carbon-
neutrality targets. Building energy performances are analyzed via the digital twin,
and renewable energy-oriented policies are developed for low-efficiency
buildings. Ecological optimization is achieved by simulating the carbon
sequestration capacities of urban green areas. Helsinki has assumed a pioneering
role in eco-friendly planning through these practices (Riaz et al., 2023, p. 2659).

The fundamental difference distinguishing the Helsinki digital twin from
many projects is its open data philosophy. The platform being open to all users
allows citizens to simulate projects in their neighborhoods and provide direct
feedback. This supports Allam's participatory mechanisms and Ball's user
experience criteria. Researchers and students produce new energy policies and
academic projects through this model, interacting directly with city management
(Hamaldinen, 2021, p. 206).

Helsinki’s digital infrastructure also offers flexibility in crisis management
processes such as flood risk analysis and urban transformation scenarios. While
public transport routes are optimized through the analysis of transportation data,
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the construction sector evaluates the environmental impacts of new projects via
this model. The project also provides data for cultural heritage preservation and
sensitive restoration processes through digital twins of symbolic locations such
as Helsinki Cathedral (Riaz et al., 2023, p. 2661).

Despite being an open platform, the Helsinki digital twin applies strict
standards regarding data security and individual privacy. Movement and
consumption data are processed anonymously. Thus, urban optimization can be
performed without harming individuals' privacy. This ethical approach increases
the legal and social reliability of the project. The Helsinki digital twin project has
proven that digital urban twins can be not only a technical model, but also a
participatory management tool producing social and environmental benefits. Its
success in civic participation and energy efficiency serves as a concrete roadmap
for other local governments (Hamaéldinen, 2021, p. 207).

3.2. Seoul City Digital Twin Application

Seoul’s city digital twin is a pioneering project developed under South
Korea’s strategic smart city vision, modernizing urban governance through
digitalization. Blending planning, sustainability, and public services into a single
digital melting pot, this system displays a high level of alignment with the energy
efficiency, environmental consciousness, and technological connectivity criteria
emphasized by Zaheer Allam and Matthew Ball (Arslan, 2022, p. 293).

The fundamental strength of the project is the seamless data flow established
thanks to IoT devices, sensor networks, and big data infrastructure. The city’s
energy grid, transportation lines, and water infrastructure are monitored in real-
time. Potential malfunctions are intervened immediately. In particular,
optimizing traffic flow with analytical models increases the city's operational
efficiency, carrying the project to a strategic position in terms of connectivity
(Arslan, 2022, p. 294).

Seoul uses the digital twin as an active tool in combating environmental crises.
Spatial analysis of air pollution levels, distribution of renewable energy sources,
and carbon emission management are optimized through simulations on the
system. Preparing evacuation plans targeting flood and earthquake scenarios
within the scope of disaster management and pre-testing the environmental
impacts of new transportation lines prove the flexible and visionary structure of
the project (Aksu & Ercoskun, 2022, p. 109).

The most unique aspect distinguishing Seoul's project from other models is its
widespread promotion of citizen participation through augmented reality (AR)
and virtual reality (VR) technologies. Citizens can examine urban transformation
projects in their neighborhoods in three dimensions via mobile applications and
establish direct interaction with local government to offer suggestions. As seen
in Figure 3, the ""Metaverse 120 Center" developed by the Seoul Metropolitan
Government allows citizens to communicate with public officials in a virtual
office setting via avatars without requiring physical travel (The Korea Times,
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2023). This democratic planning approach increases social participation and user
experience value (Aksu & Ercoskun, 2022, p. 110).

Figure 3. Avatar-Based Virtual Public Service Interface on the Seoul Metaverse Platform
(Metaverse 120 Center). (Source: The Korea Times, 2023).

Regarding the preservation of urban identity, Seoul has precisely integrated
UNESCO heritage areas such as Jongmyo Shrine and traditional neighborhood
fabrics into the digital model. Consequently, restoration processes are conducted
more technically and authentically. Although there are areas open to
improvement regarding the strengthening of social ties and virtual education
solutions, the project's performance in virtual events and digital culture creation
successfully meets academic criteria (Arslan, 2022, p. 295).

In big data management, Seoul protects data privacy at the highest level
through anonymization techniques and cybersecurity protocols. The fact that user
data is used only for aggregate analyses demonstrates commitment to digital
property rights and ethical design principles. These security standards have
ensured the construction of a reliable digital space overlapping with Allam and
Ball’s privacy criteria (Aksu & Ercoskun, 2022, p. 111).

Seoul's city digital twin is an international example successfully combining
technological infrastructure with a grassroots-integrated urban governance
model. Particularly its immersive technologies increasing civic participation and
its vision of preserving local cultural identity present an important roadmap for
future smart cities (Arslan, 2022, p. 296).

3.3. Dubai City Digital Twin Application

As one of the leading global hubs of digital transformation, Dubai has
positioned digital twin technology as a strategic tool in urban management
processes. Integrating physical infrastructure, energy grids, and transportation
systems into a virtual model, this project delivers a data-driven, sustainable, and
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efficient urban planning approach. Integrated with the smart city ecosystem,
Dubai's city digital twin aims to increase operational efficiency as well as raise
the living standards of city residents (Farsi et al., 2020).

Dubai's project demonstrates high performance in energy efficiency and
carbon footprint reduction. The integration of renewable energy sources into the
urban system and smart infrastructure solutions validate the project’s alignment
with ecological sustainability criteria. Simulations developed to reduce carbon
emissions play an important role in helping the city achieve its environmental
targets (Mishra, 2024, p. 10).

Involving city residents in decision-making mechanisms is among the primary
priorities of Dubai's city digital twin. Thanks to user experience-oriented
feedback channels and cross-platform accessibility, citizens can interact with city
services in a virtual environment. In particular, inclusive interfaces developed for
disadvantaged groups such as the elderly and individuals with disabilities spread
the right to digital access to the societal grassroots (Manickam et al., 2023, p.
617).

Dubai targets global leadership in the digital economy through metaverse-
based business models, blockchain integration, and virtual ownership systems.
The digital twin model offers innovative economic opportunities such as virtual
trade, digital art galleries, and Expo organizations conducted via the Metaverse.
In this process, artificial intelligence-backed security systems both ensure the
privacy of user data and legally secure digital property rights (Al-Shareeda et al.,
2025, p. 22).

Infrastructure supported by augmented reality and virtual reality technologies
forms a strong analysis foundation for smart traffic management and urban
transformation scenarios. Traffic flow optimization and energy consumption
analyses make the physical growth of the city controllable in a digital
environment. Virtual learning platforms and augmented reality-supported
professional development programs offered in the field of education increase
Dubai's technological capacity and social development capacity (Mishra, 2024,
pp. 11-12).

The project is equipped with advanced cybersecurity protocols regarding data
ownership and the protection of digital rights. Ethical use standards and legal
infrastructure studies secure users' properties and data in the digital universe,
establishing trust in the system. Dubai's urban digital twin is a holistic model
combining  sustainability, technological innovation, and economic
transformation. With its real-time simulation capacity and Metaverse integration,
Dubai constitutes a global example redefining digital urbanism standards (Al-
Shareeda et al., 2025, pp. 23-24).

4. CONCLUSION AND DISCUSSION

This study reveals that digital urban twins and Metaverse technologies create
a radical break in modern urbanism, transforming cities from "static concrete
piles" into "data-generating dynamic ecosystems."
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In light of the findings, the following core conclusions have been reached:

1.  Environmental Impact: Digital twins play a pivotal role in achieving
Paris Agreement targets. As seen in the Helsinki example, energy modeling and
carbon footprint tracking provide concrete data for emission reduction. Green
cities are no longer built merely by planting trees, but through data-driven
resource optimization.

2. Governance Model: The Metaverse breaks down barriers between local
government and citizens, as observed in Seoul. Participatory planning processes
ensure the digitalization and grassroots expansion of democracy.

3. Economic Transformation: The Dubai example demonstrates that digital
twins are not merely an expense item, but a significant economic revenue driver
thanks to productivity gains and new virtual economy models (virtual tourism,
digital real estate).

4. Risks and Responsibilities: Alongside these opportunities, cyber security
vulnerabilities and data privacy violations are major threat vectors. The ethical
and legal framework must be strengthened just as much as the technological
infrastructure.

In conclusion, future cities will be neither entirely physical nor entirely virtual.
The future lies in hybrid cities where these two worlds intertwine, remaining
human-centric, harmonious with nature, and technologically resilient.

5.  RECOMMENDATIONS

To enable local governments in Tiirkiye and worldwide to successfully
manage this technological transformation, the following strategic roadmap is
recommended:

1. Determination of National Data Standards: Open-source and
international data standards such as CityGML should be adopted as a national
policy to ensure interoperability among city digital twins.

2. Simulation as a Legal Mandate: Prior to the approval of large-scale urban
transformation, infrastructure, and transportation projects, it should be made a
legal obligation for their environmental and traffic impacts to be simulated in a
digital twin environment and meet success criteria.

3. Cyber Security Protocols: Smart city infrastructures should be evaluated
under "Critical National Infrastructure" status and protected with blockchain-
based encryption and domestic cybersecurity solutions.

4. Digital Literacy and Inclusivity: As transitioning to metaverse-based
public services occurs, physical support points should be established for citizens
with limited access to technology, and educational programs should be organized
to increase society's digital literacy level.

5. Circular Economy Integration: Digital twins should be integrated with
"Material Passport" applications in the construction sector, ensuring that waste
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generated during urban transformation processes is incorporated into recycling
chains.

6. Digital Archiving of Cultural Heritage: Against potential earthquake and
disaster risks, millimeter-precision digital copies (Digital Heritage Twins) of
historical buildings and museums should be created to safeguard cultural
memory.
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