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Summary

Global risk assessments underscore a critical paradigm shift: climate change has evolved from a distant
potentiality into an immediate and destructive certainty. Accordingly, the Global Risks Report (2025)
classifies extreme climate events as the second most severe risk within the short-term horizon. By
highlighting a transition from a warning phase to an active crisis, the report elucidates that the nonlinear
intensification of phenomena such as flash floods, heatwaves, and storms has surpassed normal
atmospheric variability, inflicting structural damage upon critical ecosystems and economic
infrastructure. Since climate change increasingly dictates the frequency and intensity of temperature
extremes, the present study evaluates these hazards within the context of Iran. We examined variations
in four extreme indices—TX90p, TN90p, TX10p, and TN10p—utilizing five primary configurations of
the EC-Earth3 modular Earth system model across four Shared Socioeconomic Pathways (SSPs).

Initially, a Multi-Model Ensemble (MME) was generated from the five EC-Earth3 configurations. The
analysis demonstrated that the MME provided superior performance by mitigating the errors inherent in
individual models. Findings reveal a pronounced heterogeneity in the changing patterns of temperature
extremes; specifically, a significant decline in the frequency of cold days and nights runs parallel to a
surge in warm events across the country. Under the SSP5-8.5 scenario, the warm days index (TX90p) in
Iran’s internal and desert regions is projected to exceed 65% by the end of the century, signaling a
fundamental transformation in the climate of these areas. The primary hotspots of these warm extremes
align largely with the central regions, the Dasht-e Lut, and the southeast. In these zones, positive
feedbacks driven by soil moisture deficits appear to exacerbate heatwaves and accelerate evaporation
trends. Conversely, northern regions and the Alborz highlands, while still exhibiting an upward trend,
experience a more gradual rate of change due to the moderating influences of topography and moisture
availability.

Furthermore, the stark divergence between scenarios SSP1-2.6 and SSP5-8.5 during the latter half of
the century underscores the critical imperative of emission reduction policies in curbing the severity of
extreme fluctuations. Thermodynamic land-atmosphere feedbacks are poised to play an increasingly
dominant role in amplifying future temperature extremes in Iran. Given the country’s arid and semi-arid
climate, soil moisture depletion acts as a critical limiting factor. Under conditions of soil moisture
scarcity, the contribution of latent heat flux (evaporative cooling) diminishes, shifting the energy balance
in favor of sensible heat flux; this mechanism directly drives an increase in air temperatures. This positive
feedback loop particularly under high-emission scenarios (SSP5-8.5) associated with intensified
aridification may precipitate ultra-severe warm extremes characterized by a synergy of heat accumulation
and profound surface desiccation.
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