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Table 1- Area and population of the studied area
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Table 2- Number of heat waves during different periods in 30 years(v:Y+-144+)
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Figure 3- The frequency of heat waves in different months during the period of 1990-2020
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Table 3- Monthly review of heat waves in the period of 30 years(Y:Y:-144+)
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Figure 5- The frequency of heat waves in different seasons during the period of 1990-2020
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Figure 4- The frequency of heat waves in different months in the western provinces
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Table 4. Seasonal survey of heat waves in the period of 30 years (Y« Y+-144+)
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Figure 6- The frequency of heat waves in different seasons in the western provinces
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Table 5. Annual survey of heat waves in the period of 30 years(Y«Y+:-V44.)
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Figure 7- The frequency of heat waves in different years in the western provinces
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Figure 8. Frequency of heat waves in different seasons during the period of 1990-2020
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Appendix 1- Determining study stations by clustering method
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Introduction

Heatwaves represent one of the most complex and destructive climatic hazards globally, exerting severe
pressures on public health, food security, water resources, and energy infrastructure. The inherent variability
of regional climates combined with the exacerbating effects of global climate change necessitates precise
monitoring and spatiotemporal analysis of these events. This study aims to provide a comprehensive
analysis of the frequency, duration, intensity, and spatial distribution of heatwaves across eleven provinces

in the western half of Iran over a 31-year period (1990-2020).

Data and Methodology

The study area encompasses the provinces of East Azerbaijan, West Azerbaijan, Zanjan, Kurdistan,
Kermanshah, Hamedan, llam, Lorestan, Kohgiluyeh and Boyer-Ahmad, Chaharmahal and Bakhtiari, and
Fars. Daily maximum temperature and relative humidity data were retrieved from 23 reliable synoptic
stations. To accurately identify heatwave episodes while accounting for local climatic thresholds and the
combined effect of temperature and humidity, composite percentile-based indices (exceeding the 95th
percentile) were employed. Identified heatwave events were categorized into five duration classes: 1-day, 2-
day, 3-day, 4-10 day, and >10-day events. Extreme value analysis was conducted using the Gumbel Type I
distribution to estimate return periods. Long-term temporal trends in heatwave frequency were assessed
using linear regression analysis and slope estimation. All statistical computations, spatial interpolation, and

hazard mapping were performed using MATLAB software.

Key Findings and Discussion

The analysis of heatwave persistence revealed a strong inverse relationship between duration and frequency.
Short-duration events (1-2 days) overwhelmingly dominated the recorded occurrences, with single-day
heatwaves accounting for over 3,500 events across the region. In stark contrast, long-lasting heatwaves
exceeding ten days were exceptionally rare, observed at only five stations, primarily in the foothills of the
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central Zagros Mountains. This pattern aligns with the dynamic and transient nature of synoptic systems in

the mid-latitudes.

Spatial distribution maps indicated significant heterogeneity in heatwave exposure across the western
provinces. The primary hotspots of high frequency and intensity were identified in the western parts of
Kermanshah Province (specifically Gilan-e Gharb station), llam Province, southern Zanjan Province, and
parts of Lorestan. These areas, due to their specific topography and orientation relative to prevailing
westerly flows, exhibited the highest cumulative heatwave days. Conversely, West Azerbaijan Province
(particularly the Maku region) and northeastern Fars Province experienced the lowest frequency and

intensity of heatwaves.

A notable and counter-intuitive finding pertains to the seasonal analysis. Contrary to the common perception
that heatwaves peak in summer, the results demonstrated that cold seasons (autumn and winter) recorded
significantly higher frequencies. The months of March, December, and January were identified as the peak
months for heatwave occurrence over the 31-year study period. Synoptic climatology investigations suggest
that this wintertime warming anomaly is driven by the persistent establishment of the Arabian Subtropical
High and deep mid-tropospheric ridges, which effectively block the southward penetration of cold polar air

masses into the Iranian Plateau, thereby inducing positive temperature anomalies.

Finally, the annual trend analysis revealed a statistically significant positive slope in heatwave frequency
from 1990 to 2020. The highest cumulative annual frequencies were recorded in 2010 and 2018, indicating
an intensification of thermal hazards in recent decades consistent with global warming patterns.

Conclusion

This research demonstrates that heatwaves in western Iran are not exclusively a summer phenomenon but
rather a critical and escalating threat during the cold seasons. The provinces of Kermanshah, llam, and
Zanjan have been identified as critical hotspots requiring the urgent development of comprehensive crisis
management plans, revision of agricultural calendars, and implementation of early warning systems. The
observed upward trend in both the frequency and intensity of these events over the past three decades serves
as a clear warning for policymakers to adopt climate adaptation strategies in this vulnerable region.

Keywords: Heatwave, Western Iran, Spatiotemporal Analysis, Climate Trend, Synoptic Patterns.
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