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Obijective: The main goal of this research is to identify and analyze the seasonality of the
most widespread Torrential rains in Iran during the years 1940 to 2023.

Methods: To achieve this goal, precipitation data was obtained from the ECMWF
database with a spatial resolution of 0.25 by 0.25 degrees of arc for the Iranian region
during the study period. The next step was to calculate the threshold of torrential
precipitation for each cell seasonally using the 95th percentile, and days with torrential
precipitation were identified. By applying the condition of the highest spatial spread of
the 95th percentile, the days with the most widespread precipitation above the threshold
were identified for each season. Finally, the prevailing atmospheric conditions were
examined.

Results: Analysis shows that the highest precipitation of 146.85 mm occurs in winter
and the lowest of 85 mm occurs in summer. The highest spatial coverage of total
precipitation occurs in spring (41.9), winter (40.69), autumn (32.55) and summer (16.84),
respectively. The analysis of sea level pressure indicates that during widespread
precipitation in the summer, a low-pressure belt extended from the westernmost to the
easternmost regions of the upper atmosphere map, encompassing Iran. In contrast, during
other seasons, a high-pressure belt was present in the same area. At the 500 hectopascal
level in summer, a closed high-pressure dynamic cell was observed over Iran, while at
the 850 hectopascal level, two low-pressure centers over Saudi Arabia and Pakistan
intensified instability over Iran. Consequently, it is evident that at lower levels, the
conditions for atmospheric precipitation were stable, and even the omega level at 500
hectopascals over Iran on that day indicated a weak upward movement of air. However,
in other seasons, a trough consistently positioned over western Iran, with active band
patterns in spring and winter, facilitated the slowing and diversion of currents toward
moisture sources, thereby enabling the transfer of more moisture than normal conditions
to Iran. The precipitation study revealed that, except for the summer season, wind
dominated over Iran. The presence of wind intensified instability at lower levels. A study
of the Atmospheric River reveals that during widespread rainfall across all seasons, the
Atmospheric River, which originates from the Red Sea and the Persian Gulf, has
consistently been present. However, in the fall and winter seasons, a branch from the
Mediterranean Sea also contributes, resulting in increased rainfall.

Conclusions: The findings of this study showed that during the occurrence of torrential
rainfall in each season, there were specific weather conditions and the involvement of an
atmospheric river originating from the Red Sea in providing moisture for these rainfalls
was quite evident. However, in the two cold seasons of the year, another sub-indicator,
an atmospheric river from the Mediterranean, also intervened and caused an increase in
rainfall.
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EXTENDED ABSTRACT

Introduction

A report by the Mauna Loa Atmospheric Observatory in May 2023 on CO2 measurements
shows that its concentration has reached about 424PPM, which has not been observed in the
past 2 million years. Therefore, the high emission of CO2 by humans is currently leading to
rapid global warming that has never been seen in history. Meanwhile, 2023 has also been
recorded as the warmest year on record. Global warming has brought more and more severe
climate hazards and can cause irreparable damage to human society. One of the most important
consequences of climate change is the increase in atmospheric extremes, which have generally
changed with the time and space of atmospheric patterns. Therefore, it can be said that under
the influence of global warming and human activities, the climate cycle has undergone
abnormal changes on a global scale.

Methods

In this study, precipitation data from the ECMWF database from 1940 to 2023 for the Iranian
region with a number of 2494 cells were used. In the next step, the threshold of torrential rains
was calculated separately for each cell using the 95Th percentile, and days with torrential rains
were separated for each season. Taking into account the condition of the highest spatial spread
of torrential rains, the most widespread torrential rains in Iran were identified for each season
during the study period. After identifying the widespread days, their synoptic analysis was
carried out, and finally, the relationship between torrential rains and the atmospheric river was
examined.

Results

Analysis of the extracted total precipitation shows that the highest precipitation of 146.85 mm
is in winter and the lowest of 85 mm is in summer. The highest spatial coverage of total
precipitation occurred in spring (41.9), winter (40.69), autumn (32.55) and summer (16.84),
respectively. At the time of the total precipitation in summer, there was a low-pressure belt
from the westernmost to the easternmost upper atmosphere map, which Iran is located in, but
there was a high-pressure belt for other seasons. The study of the 500 hectopascal level for
summer shows that a closed high-pressure cell is located over Iran, but nevertheless, at the
lower levels of the atmosphere, the conditions for atmospheric precipitation are smooth, so that
at the 850 hectopascal level, the role of two low-pressure centers located over Saudi Arabia and
Pakistan can be clearly seen in this precipitation, and in the Omega map of the 500 hectopascal
level over Iran, there have been weak upward movements.

However, in other seasons, a trough has always been located over western Iran, and Iran has
been in an area of maximum instability. Of course, in the two seasons of spring and winter,
band patterns have been actively present, and with their mechanism, they have caused the
movement of currents to slow down and divert them to moisture sources, and have provided
the basis for the transfer of more moisture than normal conditions towards Iran. In all seasons
except summer, there has always been a continuous downdraft from the westernmost to the
easternmost part of the upper atmosphere map, and Iran has been under the dominance of
downdrafts. The study of the atmospheric river combined with rainy days shows that in the
widespread precipitation related to the representatives of the seasons, there has always been an
atmospheric river originating from the Red Sea and the Persian Gulf, but in the two seasons of
autumn and winter, a branch from the Mediterranean Sea has also intervened, providing the
basis for the transfer of moisture from this sea in the bed of the main branch towards Iran.
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Despite the intervention of this branch, we are witnessing an increase in the amount of rainfall
and the spatial expansion of torrential rainfall in these two seasons.

Conclusion
The findings of this study showed that in each season, there are specific weather conditions
during the occurrence of torrential rainfall, and in each season, we witness spatial changes in
areas that experience torrential rainfall. These spatial changes are related to changes in weather
patterns, so identifying weather conditions will help researchers plan to minimize the damage
caused by it.

Keywords: Iran, Torrential rainfall, Widespread, 95th percentile index, Seasonal.
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Data Availability Statement

In this study, daily precipitation data from the ECMWEF database and the NCEP/NCAR
database were used for atmospheric analysis.

The ECMWEF database has been available since 1979 with global spatial coverage and at hourly,
daily, monthly and annual scales. The high spatial resolution of these data has attracted more
attention from researchers in using these data. The spatial resolution of the data mentioned is at
0.125, 0.25, 0.5 and 3 degrees of arc.

The NCEP/NCAR database is related to the Climate Prediction Center of the United States
National Oceanic and Atmospheric Administration and has a spatial resolution of 2.5 by 2.5
degrees of arc and is available from 1940 to the present.

It should be noted that these data are available at the following links.
https://cds.climate.copernicus.eu/datasets/reanalysis-era5-single-levels?tab=download
https://psl.noaa.gov/data/gridded/data.ncep.reanalysis.html
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