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Introduction

The Subtropical High-Pressure (STHP) is a cornerstone of the Northern Hemisphere’s
warm-season atmospheric circulation, exerting dominant control over stability, precipitation
suppression, heatwave genesis, and aridification across mid- and subtropical latitudes. Iran’s
geographic position within the global dry belt renders it exceptionally susceptible to the
spatial and temporal modulation of the STHP, particularly at the 500-hPa level, where it
governs large-scale subsidence and thermal structure. Recent evidence including IPCC AR6
assessments and observational studies indicates a poleward expansion and intensification of
subtropical highs under global warming, with profound regional climatic consequences such
as prolonged droughts and intensified heat stress. While prior research (e.g., Zarrin et al.,
2010; Alijani, 1384) has confirmed the existence of a quasi-permanent, independent Iranian
STHP core influenced by plateau-scale heating and orography, a critical knowledge gap
persists regarding its fine-scale spatiotemporal dynamics: specifically, the identification and
evolution of statistically significant hotspots localized, high-intensity clusters of geopotential
height anomaly that act as nuclei for extreme events. To address this, we employ advanced
spatial statistics to move beyond climatological composites and EOF-based synoptic typing,
aiming to pinpoint where and when the STHP exhibits anomalous intensification across
boreal summer (June—August).

Material and Methods

This study utilizes the ERAS reanalysis dataset (ECMWF, 1980-2020), selected for its high
spatial resolution (~31 km), daily temporal granularity, and well-documented reliability in
representing large-scale circulation features, especially over data-sparse regions like the
Iranian Plateau. The domain spans 25°-40°N and 45°-64°E (~2,488 grid cells),
encompassing Iran and its immediate atmospheric context. The primary variable is 500-hPa
geopotential height (Z500), a robust proxy for anticyclonic strength and subsidence. Hotspot
analysis is performed using the Getis-Ord Gi* statistic, a widely validated spatial clustering
method that identifies locations where high (or low) Z500 values are surrounded by similarly
high (or low) neighbors i.e., statistically significant sot (Gi* > 0, p <0.01) or cold (Gi* <0,
p<0.01) spots. Spatial weights (wy) are defined via binary contiguity within a 500-km search
radius, ensuring regional relevance. Gi* scores are standardized to Z-scores; values > +2.58
(99% confidence) denote hotspots, < —2.58 denote coldspots. Data processing, Gi*
computation, and mapping were conducted in MATLAB and ArcGIS.

Results and Discussion

The analysis reveals a pronounced monthly evolution of hotspot patterns, highlighting the
dynamical lability of the Iranian STHP:

— July marks the peak statistical intensification: a robust hotspot (Z-score up to +4.1, 99%
CL) anchors over SW Iran (27°-32°N, 48°-60°E), signifying the strongest positive Z500
anomaly. This coincides with maximum surface heating and reflects the mature phase of the
anticyclone. Conversely, an intense coldspot (Z-score down to —10.2) dominates NW Iran
(W. Azerbaijan, Kurdistan), the lowest value in the 41-year record driven by Zagros—Alborz
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orographic lifting and residual mid-latitude trough activity. The Z-score histogram for July
is distinctly bimodal, with high frequencies in [+2.5, +4.1] and [-10.2, —2.5] and a deep
trough near zero, confirming sharp spatial segregation between dynamical regimes.
— June exhibits a similar NW—SE dipole but with weaker intensity (max Z-score +3.5) and a
more southerly hotspot center.

— August shows a critical shift: while absolute Z500 exceeds 5890 m (higher than July), the
hotspot Z-score declines to +4.0, and the cluster shifts northwestward and inland, now
covering central and S/SE Iran (28°-34°N, 47°-56°E). Simultaneously, a new coldspot
emerges in eastern Iran (~60°—63°E), absent in June—July likely linked to Indian Ocean
surface forcing or transient Rossby wave activity. Crucially, the central/eastern plateau
consistently lacks significant clusters across all months, identifying it as a dynamic transition
zone where subtropical and mid-latitude circulations compete. The shift from a strong N—S
gradient in June—July to an enhanced E-W gradient in August underscores the seasonal
migration of the STHP’s core.

Conclusion

This study demonstrates that the Iranian subtropical high is not a static feature but a
dynamically evolving system with month-specific hotspot configurations. Its dynamical
peak (max anomalous intensity) lags the thermal peak (max surface heat) by one month
occurring in July, not August highlighting the role of atmospheric feedbacks beyond surface
forcing. The northwestward migration and intensification by August suggest an amplified
westward extension, consistent with global trends of subtropical expansion under climate
change. These findings have critical implications: (1) the expanding hotspot into central Iran
portends increased heatwave and drought risk in previously less-affected regions, threatening
water and food security; (2) the eastern coldspot signals complex ocean—atmosphere
interactions needing further study; (3) the persistent central transition zone reveals
limitations in current regional climate models that oversimplify pressure gradients.
Ultimately, this hotspot framework provides a quantitatively rigorous, operational tool for
early-warning systems and climate adaptation planning enabling targeted forecasting of
high-impact summer extremes across Iran’s diverse climatic zones.
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