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OZET

DIJITAL ALTYAPI SISTEMLERINDE IKLIM ADAPTASYON ACIGININ
TERMODINAMIK ESIK KAVRAMI ILE FIYATLANDIRILMASI

Geleneksel iklim risk gerceveleri, Cevresel, Sosyal ve Yonetisim (ESG) derecelendirmeleri
ile Entegre Degerlendirme Modelleri (IAM'ler) gibi sistemler, altyap1 arizalarini yoneten dogrusal
olmayan fizik ilkelerini goz ardi ederek fiziksel riskleri sistematik olarak hafife almaktadir. Bu
ist-tist model yaklasimlari, iklim degisikligini yonetilebilir bir operasyonel maliyet olarak—
gelirler tizerindeki bir 'vergi—gorme egilimindedir ve boylece kiiresel sicakliklar arttik¢a sistem
giivenilirligini siirdiirebilmek igin gereken 6nemli sermaye yatirimlarini gizler. iklim etkisini nakit
akismin dogrusal bir asinmasi olarak ele alan mevcut degerlemeler, termal stresin felaketle

sonug¢lanan donanim bozulmasina yol actig1 'kirtlma noktalarini dikkate almamaktadir.

Bu tez, 'Uyum Ag¢igini nicelendirmek i¢in fizik dncelikli bir ¢ergceve onerir: bu, temel ariza
toleransini korumak veya giiglendirmek igin gereken ek yatirimi temsil eden, onceden hesaba
katilmamis Olgiilebilir bir sermaye yiikiimliiliigiidiir. Geleneksel metrikler tarihsel olasiliklara

dayanirken, bu metodoloji termodinamik kisitlamalari kullanarak yapisal kirilganligi 6ngoriir.

Belirli cografya ve varlik baglaminda, ampirik analizimiz, defter degeri ile iklim ayarli
gerceklik arasinda garpici bir fark oldugunu ortaya koymustur. Yeni ekipmanlar i¢in ariza
toleransini yeniden saglamak, %19,7 artisla sermaye harcamalarini (CapEx) gerektirmektedir. Bu
ihtiyag, ortalama hizmette olan varliklar icin Adaptasyon Agigini %28,7’ye yiikseltir, ¢iinkii
kiimiilatif termal yorgunluk mevcut dayanikliligr azaltir. Yaslanan altyapi i¢in, hizmet siirekliligini
saglamanin gergek maliyeti toplam varlik degerinin %25 ile %30'u arasinda potansiyel olarak

artabilir.
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Bu nicel bulgular bolgesel olsa da metodolojik ¢er¢eve—soyut ESG puanlamasindan
acikea iistiin olan—kiiresel uygulama i¢in tasarlanmistir. Termal veya mekanik kisitlamalara sahip
tiim altyap1 sektorlerinde adaptasyon agigini fiyatlandirmak icin 6lg¢eklenebilir bir plan sunar.
Sonug¢ olarak, bu arastirma belirsiz fiziksel riskleri somut ve denetlenebilir bir sermaye
yiktmluligiine doniistiirerek, kiiresel piyasalarda iklim ayarli degerleme i¢in yeni bir standart

belirler.

Anahtar Kelimeler; Fiziksel iklim Riski, Varlik Degerlemesi, Sermaye Harcamasi,
Basarisizlik Fizigi, Altyapt Dayaniklihgi, Dogrusal Olmayan Sistemler, ingaat Y®6netimi, Proje

Y 6netimi.
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ABSTACT

THE THERMODYNAMIC CLIiFF: PRICING THE CLIMATE ADAPTATION GAP iN
DIGITAL INFRASTRUCTURE

Conventional climate-risk frameworks, ranging from Environmental, Social, and
Governance (ESG) ratings to Integrated Assessment Models (IAMs), systematically underestimate
physical risks by overlooking the non-linear physics that govern infrastructure failure. These top-
down models frequently perceive climate change as a manageable operational expense—a "tax"
on earnings—thereby obscuring the substantial capital requirements necessary to sustain system
reliability as global temperatures escalate. By treating climate impact as a linear erosion of cash
flow, current valuations fail to account for the "tipping points" where thermal stress leads to

catastrophic hardware degradation.

This study proposes a physics-first framework to quantify the “Adaptation Gap™: a
measurable, previously unaccounted-for capital liability representing the additional investment
required to upgrade or harden assets to maintain baseline fault tolerance. Unlike traditional metrics
that rely on historical probability, this methodology utilizes thermodynamic constraints to predict

structural vulnerability.

Within this specific geographic and asset context, our empirical analysis reveals a stark
discrepancy between book value and climate-adjusted reality. It has been determined that restoring
fault tolerance for new equipment necessitates a 19.7% increase in capital expenditure (CapEx).
This requirement escalates the Adaptation Gap to 28.7% for typical in-service assets, as cumulative
thermal fatigue diminishes existing resilience. For aging infrastructure, the true cost of maintaining

service continuity potentially surges to between 25% and 30% of total asset value.
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While these quantitative findings are localized, the methodological framework—
demonstrably superior to abstract ESG scoring—is designed for global application. It offers a
scalable blueprint for pricing the Adaptation Gap across all infrastructure sectors with thermal or
mechanical constraints. Ultimately, this research transforms vague physical risks into a tangible,
auditable capital liability, establishing a new standard for climate-adjusted valuation in global

markets.

Keywords: Physical Climate Risk, Asset Valuation, Capital Expenditure (CapEx),
Physics-of-Failure, Infrastructure Resilience, Non-linear Systems, Construction management,

Project Management.
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