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ARTICLE INFO ABSTRACT
. Heat waves are one of the most important climate hazards today that devastate major cities
Article type: worldwide. This study aims to explain the frequency, temporal distribution, continuity,
Research Article and identification of the trend of their occurrence in Tehran, which was extracted using
statistical methods and daily maximum temperature data from Tehran synoptic stations for
a 30-year statistical period (1994-2023). First, the nonparametric Mann-Kendall method
Article History: was used to identify the variability and monthly, seasonal, and annual trends of maximum
Received: 05 February 2025 temperatures. Then, percentile indices (95th and 99th) were used to identify its intensity,
Revised: 09 June 2025 duration, and frequency. The study results showed that the frequency of short-term heat
Accepted: 28 June 2025 waves (two and three days) was higher. The highest frequency was related to the 2-day
Published: 07 7July 2025 heat wave, which is more frequent at the geophysical station. The share of waves lasting 7
days or more was associated with a lower frequency. The highest frequency of seasonal
events is also in autumn. The highest duration of heat waves was at Chitgar stations with
Keywords: 13 consecutive days in summer; Shemiran with 11 days in winter; Geophysics and

Mehrabad with 10 and 9 days in autumn, spring and winter. The highest occurrence of
heat waves was in Shemiran with 890 and the lowest in Mehrabad with 775 cases.
Analysis of the trend indicates an increasing trend of heat wave occurrence in all seasons
of the year. Therefore, it can be concluded that the effect of climate change in the region
has led to the weakening of temperate latitude systems and the entry of warm masses from
southern latitudes into the region. Its importance is in changing the type of precipitation
from solid to liquid, reducing snow storage in highlands and destructive changes in plant
phenology and the possibility of frost damage with late frosts for horticultural crops.
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Introduction

Environmental hazards (such as floods, heat waves, as well as man-made crises such as air pollution)
as an inseparable part of human life, can minimize the level of human and ecosystem health(Zare &
Moghimi, 2023). According to the World Health Organization, a heat wave is defined as a period in
which the maximum and minimum apparent temperatures exceed the 90th percentile of the monthly
distribution for at least two days (WHO, 2024). The Middle East is experiencing significant trends in
heat waves, characterized by increasing frequency, intensity, and duration. Research shows that
widespread heat days (WHDs) have increased significantly since 2000, particularly in regions such as
western Iran, Syria, and Saudi Arabia(Zittis et al., 2021). Forecasts suggest that by the end of the 21st
century, urban areas in the Middle East and North Africa region could face unprecedented heatwave
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conditions, with temperatures exceeding 56°C and affecting more than 600 million people (shi et al.,
2024).

Materials and Methods

To achieve the research objectives were obtained from the National Meteorological Organization the
daily maximum temperature data of 4 Tehran synoptic stations including Mehrabad, Shemiran,
Chitgar and Geophysics stations from 1994 to 2023. Following the research objective, in the first step,
the temperature change trend of the four stations was examined monthly, seasonally and annually
using the Mann-Kendall test. The temperature threshold was calculated for the data of all days of each
year and data equal to the percentile (95th and 99th) with at least two days of continuity were
extracted. The daily maximum temperature data for January to December were adjusted the index was
calculated and the thresholds were determined for each month (because the heat wave threshold in
February, April, August and November is different and important in different parts of Iran). Similarly,
for each season and year (with daily data), the index was calculated and the extreme temperature
thresholds of each station were determined. For each time scale of the study (month, season, and year),
a heat wave was defined as a 2-day or longer period of maximum daily temperature equal to or greater
than the temperature threshold determined at each station (this process was carried out separately for
each synoptic station over 30 years). It was then determined at a seasonal (winter, spring, summer, and
fall) and annual scale using heat wave characteristics at each station. Heat wave characteristics include
maximum temperature, frequency, temperature frequency wave, and the highest heat wave.

Results

Heat waves are one of the climate hazards in different regions of the world, and their frequency has
increased, especially in recent years, due to climate fluctuations. This study examined the climatic
behavior of heat waves in different stations in Tehran and showed that in most months of the year, the
maximum temperature has had a positive trend. The trend of temperature changes in the studied
stations is significant at the 95th and 99th percentile levels, and the seasonal and annual temperature
trends also indicate an increase in maximum temperatures in the last 30 years. Also, the number of
heat waves has been increasing in four stations during this period, and most of the events are related to
2- and 3-day waves.

Conclusions

The results of this study clearly showed that in different seasons of the year, especially in summer and
autumn, the trend of increasing maximum temperature at the stations is significantly observed. The
increase in temperature in winter and spring is also more significant, especially in the geophysical
stations and Shemiran and Chitgar. Also, contrary to expectations, in the cold seasons of the year, heat
waves have occurred more than in the warm seasons of the year, which indicates the influence of local
factors and meteorological systems on the occurrence of heat waves. These findings emphasize that to
better predict and manage these phenomena, attention should be paid to the simultaneous influence of
external and internal factors.

Data Availability Statement

To achieve the research objectives, daily maximum temperature data from 4 synoptic stations in
Tehran, including Mehrabad, Shemiran, Chitgar, and Geophysics stations, from 1994 to 2023 were
obtained from the Iran Meteorological Organization.
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