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Heatwaves are among the most critical climate-edldiazards, posing serious risks
to human societies and ecosystems. The accelergicg of global warming
highlights the need for detailed investigationstlué phenomenon. In this study,
daily maximum and minimum temperature data for 8arg (1995-2024) were used
to identify local heatwave thresholds based onQ8#h percentile and probability
density functions. Five major heatwave characiesshumber of events, number of
heatwave days, magnitude, amplitude, and longestitidn were extracted across
Iran. Their spatial distribution and hotspot regiomnere identified, and temporal
trends were assessed using the Mann—Kendall tdsSam's slope estimator. Results
show that, in addition to arid and southeasterrioreg(e.g., Lut Desert, Central
Plateau, Southern Baluchestan, Hamun basins), dlighde areas of the Zagros
Mountains—particularly the Tashk—Bakhtegan basineaighly exposed in terms
of heatwave frequency and duration. In the lowlgtains of the southwest and
southeast (e.g., Khuzestan, Lut Desert, Hamun,dBektan), heatwave intensity has
in some years exceeded 50 °C (maximum) and 40 ‘@irtmm). Trend analysis
revealed statistically significant increases intahtwave characteristics, especially
in the number of events and days, with averageeslab ~0.24 events and 1.2 days
per year across most regions. While northern antheon coastal areas (e.g., Persian
Gulf coast) have remained relatively unaffectedpeysistent daytime heatwaves,
nighttime events show a clear increasing trend. ddeer, the highest long-term
averages for all characteristics occurred during st eight years of the study
period, particularly in 2024.

How to Cite: Shakiba,

A., Esfandiari, N. , Mirbagheri, B. antiaAgholipour, E. (2026). Identification and Analy®f Heatwave

Characteristics in Iran Based on Multiple Indicdsurnal of Natural Environmental Hazardk5 (49), 175-202.

@Ok

BY NC

© The Author/Authors
DOI: 10.22111/jneh.2025.52604.2125

Publisher: University of Sistan and Baluchestan




176 Journal of Natural Environmental Hazards, Vol 15, 1ss 49, September 2026

EXTENDED ABSTRACT

INTRODUCTION

Heatwaves are among the most severe climate-rdfatzatds, with impacts increasingly amplified by
global warming. They are linked to excess mortalitsessure on infrastructure and energy systems,
agricultural losses, and ecological disruptionn]raituated in an arid and semi-arid region of the
Middle East, is particularly vulnerable to the migifrequency and intensity of heatwaves. Previous
studies in Iran have mainly relied on station-bassdperature records, which offer limited spatial
coverage. This study addresses this gap by emgldyigh-resolution gridded temperature data and a
probabilistic approach to detect and analyze heagwaents across Iran during 1995-2024.

DATA AND METHODOLOGY

Daily maximum and minimum temperature data for X294 were obtained from the ERA5
reanalysis dataset at 0.25° spatial resolutiontwhase thresholds were defined using the Probability
Density Function (PDF) method, based on the 90thgmile of temperature distributions, with a 21-
day moving window applied to reduce temporal valitgb Heatwaves were identified separately for
maximum and minimum temperatures, with a minimumatian of three consecutive days.

Five key heatwave characteristics were extracte@édoh grid cell (Table 1): (i) number of evenis, (
number of heatwave days, (iii) magnitude (averagenisity), (iv) amplitude (maximum daily value
within the event), and (v) longest continuous doratSpatial and temporal trends of these indicator
were analyzed using the non-parametric Mann-Kentt and Sen’s slope estimator. Areas
exceeding the 95th percentile in each index wexssdied as critical zones.

Table 1. Definition of Identified Heatwave Characteistics

Featur Definition (Unit)
Number of Events Number of heatwave or warm sprlluorences during the study period (events)
Number of Days Total number of days associated hétitwaves or warm spells (days)
Heatwave Magnitude Average temperature acros®atifave or hot period events (°C)
Heatwave amplitude Highest daily temperature resthidlring the hottest heatwave, selected baseakon t
magnitude (°C)
Longest Heatwave The heatwave with the longest consecutive duratioong all events (days)
Duration

RESULTS AND DISCUSSION

Spatial distribution maps indicated that heatwaesnot confined to desert and lowland regions; the
Zagros highlands—particularly the Tashk—Bakhtegasirb—also exhibit high event frequencies. On
average, 2-5 heatwave events per year were recbeded on maximum temperature. In southeastern
Iran and the southwestern plains (e.g., Khuzeseaieme intensities were observed, with maximum
temperatures surpassing 50 °C in some years.

Heatwaves based on minimum temperature, reflectiogurnal heat stress, showed increasing trends,
especially along the southern and northern codste. highest average magnitudes occurred in
southern and southeastern regions, where high hiymadd limited nighttime cooling amplified
nocturnal heat levels. The most extreme peak testyes were identified in Khuzestan, the Lut
Desert, and parts of Sistan and Baluchestan.

Temporal analysis revealed statistically significapward trends in most indicators—particularly in
the number of events and heatwave days. The stegpesases occurred in the Zagros foothills,
where annual rises exceeded 0.24 events and 1s2 Thag longest continuous heatwaves lasted 7-10
days in desert areas, with some extreme eventsdirtgup to 40 days.

The composite risk map identified the Tashk—Bakéutebasin, southern coasts, the Khuzestan plain
and southeastern Iran as multi-dimensional hotspgitaultaneously exhibiting high frequency,
magnitude, and amplitude. Annual records showed i warmest years—especially 2021 and
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2024—had the highest cumulative values acrossealivwave indicators. Notably, eight of the hottest
years fell within the final eight years of the stugeriod, reflecting an accelerated warming trend
(Figure 1)
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Figure 1: Top Five Highest Averages of He

CONCLUSION

This study demonstrates that the intensity, dunatod frequency of heatwaves in Iran have incrbase
significantly over the past three decades. Theeatsware no longer limited to traditionally hot 2en
mountainous and coastal areas are increasinglgteffe particularly by nighttime heatwaves. By
integrating high-resolution gridded data with a l@bilistic approach, the study provided a more
accurate representation of spatial and temporgnpstcompared to station-based analyses.

The findings emphasize the urgent need for locdlemaptation planning and early warning systems,
particularly in newly identified hotspots such &g tZagros foothills and coastal regions. With

continued warming, compounding risks related to &wrhealth, agriculture, and energy demand are
likely to intensify. Future research should inteégréieatwave characteristics with socio-economic
vulnerabilities and land use changes to supporpcehensive risk reduction strategies.
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