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The interaction between dry-bulb temperature atative humidity, exacerbated by
global warming, profoundly impairs human thermodagon by restricting latent
heat dissipation. This study provides a comprelvensivaluation of heat stress
dynamics across Iran using a bias-corrected CMIBBi-model ensemble under the
SSP2-4.5 and SSP5-8.5 scenarios to calculate th@AN@eat Index (NOAA-HI).
Analysis of the ensemble outputs reveals substasgiatial heterogeneity in the
climatological distribution of the NOAA-HI. High teperature and_humidity levels
are already triggering severe thermal stress, mosibly algng Ikan’s northern
coastlines and throughout its southern territorlasthes hﬁa@p ct zones, the
combined effects of solar radiation ﬁi/a bie ?Q' ignpush the index beyond 30

oC, placing these environments\fir in estab#d danger classifications.
Conversely, the northwestér mouritainous regiomrently remain within the
caution categWr t igh-emission SSP5sBemario, anticipated shifts in
Wcli@a@: regime will systematically alter ethfrequency of heat stress
esholds, leading to an acute intensificatiothefmal stress along the eastern and

southern coasts. Quantitatively, the proportiondafs categorized as “danger” is
projected to surge from a historical baseline dPdto 12.8% in the far future. This
escalation is accompanied by a massive expansiothef “extreme caution”
category, projected to dominate 42.8 of the yekaval of prolonged exposure that
will severely erode the adaptive capacity of |dmalogical systems. Ultimately, the
progression of the NOAA-HI beyond safe physiologitaesholds (>26.2C) into
critical territory represents an existential thretat outdoor survivability and
habitability across Iran’s lower latitudes and lamdl plains. These findings
underscore the urgent need for targeted mitigado adaptation policies in
vulnerable regions, providing a vital strategicnfiework for regional policymakers

and environmental managers.
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EXTENDED ABSTRACT

INTRODUCTION

Driven by the accelerating pace of global warmitige Earth’s climate system has undergone
profound transformations. The fallout from thesdtsmow poses an unprecedented threat to public
health, delicate ecosystems, and critical socisw@coc infrastructure. Drawing on comprehensive
assessments conducted by the Intergovernmentall Ban€limate Change (IPCC), global mean
surface temperatures climbed by a substantial @9&vith an uncertainty range spanning 6G8o
1.17°C) between the years 1880 and 2012. In the walsaicti climate disruptions, the dynamics of
extreme thermal events have fundamentally altéFags emerging pattern stands in stark contrast to
historical norms; whereas in the distant past, egeld snaps were widely recognized as the primary
driver of climate-related mortality.

Situated within the global arid belt, Iran a dewihg nation faces an exceptionally high risk of
extreme heat events. This inherent vulnerabilitylasgely driven by the physical reality that

landmasses are warming at a significantly steept than oceans. Socio-demographically, the
country’s structural susceptibility to heatwavesc@mpounding exponentially. A densely packed
population, acting in tandem with an alarminglyidapging demographic, fundamentally exacerbates
this risk in a non-linear fashion. Physiologicallfhe anticipated co-occurrence of elevated
temperatures and high atmospheric moisture threatendisrupt vital human thermoregulatory

mechanisms, particularly the body’'s capacity foapmrative cooling. Such physiological stress
inevitably paves the way for severe public heatthes, characterized by sharp spikes in heat-cklate
morbidity and mortality. Despite the profound sétyerof these projections, a comprehensive
understanding of this multifaceted threat remainsiee across the country. This critical knowledge
gap stems primarily from a conspicuous scarcityegional-scale studies utilizing composite metrics,

such as the NOAA-HI. Consequently, from a stratmdpowsent h represents an

absolute imperative. It provides the essential ecgi foun atgaWrQ uited”to formulate robust
national climate adaptation policies and to safedjube “R)ﬂ& esilience of Iran’s healthcare
infrastructure. . J

AR
DATA AND METHODOLOGY, =

Accurately asse SM ed tlf{érmo—hygrometr&sstthrough General Circulation Model (GCM)
outputs inherently.relies on a robust observatifraahework across diverse climate regions. To build
this empirical foundation, daily air temperaturel aelative humidity records were extracted from 10
meteorological stations representing Iran’s vaibohate zones. These selected stations comprising
Mashhad, Shiraz, Babolsar, Bandar Abbas, Tabrizn,BZahedan, Kermanshah, Isfahan, and
Sanandaj provided the necessary ground-truth degatbhe historical period of 1990 to 2014. Using
these two primary variables, we computed the NOMAat the station. The core validation strategy
of this study then hinged on correlating thesellped observational values with outputs from a inult
model ensemble (MME), the specific mechanics ofcwhare detailed in the subsequent section.
Statistical evaluations revealed a strong alignnibetiveen the ground-based data and the ensemble
estimates. Specifically, the observed correlatioafficients ranged from a minimum of 0.71at the
Sanandaj station to a peak of 0.84 in Bandar AbBagh robust statistical agreement firmly
substantiates the capability of the CMIP6-MME fravoek to reliably reproduce historical NOAA-HI
patterns.

Simulation of the NOAA-HI index relied on outputof 16 General Circulation Models (GCMs)
participating in the Coupled Model Intercompariseroject Phase 6 (CMIP6). The selected suite
comprised ACCESS-CM2, ACCESS-ESM1-5, CanESM5, E@HBaEC-Earth3-Veg, FGOALS-g3,
GFDL-CM4, GFDL-ESM4, INM-CM4-8, INM-CM5-0, KIOST-EM, MPI-ESM1-2-HR, MPI-
ESM1-2-LR, MRI-ESM2-0, NorESM2-LM, and NorESM2-MMBecause the native horizontal
resolutions of these models vary considerably dihect execution of downstream procedures such as
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multi-model ensemble analyses is inherently problemWe resolved this structural heterogeneity by
employing a bilinear interpolation algorithm.

RESULTS AND DISCUSSION

Ensemble outputs from CMIP6 project pervasive wagracross the entirety of Iran’s geographical
landscape. When evaluated against the historicaling of 1990—2014, anticipated anomalies for the
NOAA-HI heat index register positive shifts rangifngm 1.36 to 7.4C. This distinctively non-linear
behavior in the NOAA-HI emerges from a synergisiiterplay between atmospheric dry-bulb
temperature and relative humidity. Governed by @heusius-Clapeyron relation, the atmosphere’s
enhanced capacity to retain water vapor fundanigntiidrupts human thermoregulatory sweating.
Consequently, apparent temperature is driven upafaat exponential rate.

During the near-future timeline, the inherent thalrimertia of the ocean-atmosphere system masks
any significant divergence between distinct rad@atiorcing pathways. Anomaly fluctuations thus

remain confined to a narrow band of 1.5 to “Z5under both evaluated scenarios. However, profound
thermodynamic divergence materializes by the midrRiperiod. While the climate system’s response
under the SSP2-4.5 stabilizes within a boundar§ tf 4-C, the SSP5-8.5 triggers acute shifts. This

high-emission pathway severely amplifies thermaésst across the thermodynamically sensitive
southern and eastern halves of the country, ulélpgiushing index anomalies tp extreme values

between 4 and &C.
) o3\
}5

CONCLUSION )F=

Bias-corrected multi-model ensemble outputs fromh@/l eﬁpal that the spatial distribution of the
NOAA-HI across Iran is dlrectly govel?n db %rgmﬁe physiographic and latitudinal forcings.
Ranging between 12.3 and 186 @l e %%ros and Alborz mountain, the indstaldishes a
stark thermodynamic r@as@@en compared to tumtey’s lower latitudes. Over the historical
(1990-2014), rgistic interplay of shortwaeadiation (sensible heat) and the continuous
advection of moaisture flux (latent heat) from therdfan Gulf and the Sea of Oman propelled index
values in Khuzestan and the southern coastal isitgpa critical domain of 30 to 34.8C. Falling
squarely within the extreme caution classificat{pB82.2C), these low-lying regions underscore the
systemic vulnerability of southern Iran to compoimgcheat and humidity stresses.

Projected shifts in the NOAA-HI under various Shikh&ocioeconomic Pathways (SSPs) point toward
a non-linear, escalating thermal burden on the blimate system, a direct manifestation of the
Clausius-Clapeyron relation. As the atmosphere’sewgapor holding capacity increases, natural
human thermoregulation via sweating becomes sgvemhpromised. By the end of the century,
assuming the SSP5-8.5 scenario, anomalies in titbesm and coastal strips are projected to surge to
unprecedented levels, shifting by 6 to G Breaching the 46C threshold will thrust these coastal
lowlands unequivocally into the danger categoryn@osely, despite enduring localized warming of 4
to 5 oC, the elevated mountainous zones are expectedféty gemain below the 26.9C hazard
benchmark.
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