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Article Info ABSTRACT

Article type: Sudden stratospheric warming (SSW) has an obvious effect on Earth's
surface climate. In this research, changes in precipitation during the
occurrence of this phenomenon have been investigated. For this purpose,
after identifying the warmings that occurred during the studied period
Article history: (1986-2020), 18 sudden stratospheric warming events were identified. The
Received 5th and 9th deciles of precipitation were calculated for the precipitation data
of 117 stations. The magnitude of the difference from normal rainfall was
checked in two ways. First, precipitation at the time of warming was
compared with the long-term average. Second, the trend of changes in
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2023/01/04 precipitation was analyzed at three distinct periods: before the warming,
Accepted during the warming, and after the warming. The following results were
obtained: Warmings, depending on the month in which they occur, have a

2023/01/13 . c e .
_ different effect on the amount of precipitation. During SSW events that
Published occurred in December, January, and February, the northwest experiences
2023/01/14 the most significant rainfall changes, with precipitation levels above

normal, and the probability of rainfall above the 9th decile increases up to
65%. Western and southwestern regions also have higher than average
rainfall, and the probability of heavy rainfall is high. Precipitation on the
shores of the Caspian Sea shows an inverse relationship with sudden
Keywords: stratospheric warming; therefore, in all investigations of this research, the
number of rainy days, | 150k of precipitation at the time of warming in these areas is significant.
stratospheric sudden . . . .

warming, Southern regions have less than normal rainfall in all sudden stratospheric
wind-zonal fluctuations. | warming events. The center of Iran experiences higher than average rainfall
during SSW events in March. Eastern Iran also has heavy rains compared

to normal during SSW events in March.
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Introduction

Heavy rainfall events cause significant human and financial losses annually in Iran and
worldwide, acting as hazardous factors in creating natural disasters such as storms and
floods. In historical studies, the stratosphere was introduced as a relatively neutral
component of the climate system. However, in recent years, clear evidence of stratospheric
variability and its role in surface climate variability has been presented. Sudden Stratospheric
Warming (SSW) is a dynamical phenomenon caused by the breaking of planetary waves
propagating upward from the troposphere. This phenomenon is accompanied by a very rapid
and intense temperature increase in the middle to upper stratosphere and is associated with
the reversal of westerly zonal winds. Following SSW, the weakened polar vortex and
reduced pressure gradient cause heat to descend from the stratosphere to the troposphere,
strengthening potential vorticity and providing conditions for instability, frontogenesis, and
consequently heavy precipitation. Although SSW has been studied extensively regarding its
dynamical aspects, its specific effects on precipitation patterns in Iran have not been
seriously investigated. The present study aims to statistically analyze precipitation changes
during SSW events and examine how these changes differ across various months and regions
of Iran.

Material and Methods

The statistical period of this research spans from 1986 to 2020. To detect SSW events, zonal
wind component and temperature data at the 10 hPa level over 60°N latitude were obtained
from the NCEP/NCAR database. A major SSW is identified when the temperature at 10 hPa
between 60°N and 90°N increases by more than 25 K during November to March, and the
zonal mean wind component at 60°N changes from positive to negative values. Using this
method, 18 major SSW events were identified during the study period. The life cycle of each
SSW was divided into four phases based on zonal wind behavior: AB (peak zonal wind speed
before SSW), BC (decline of zonal wind to its minimum, representing SSW intensity), CD
(recovery of zonal wind toward normal), and DE (complete restoration of normal
conditions). Daily precipitation data from 117 synoptic stations with a common statistical
base were obtained from the Islamic Republic of Iran Meteorological Organization. Data
homogeneity was tested using the Standard Normal Homogeneity Test (SNHT). The Sth
decile was used as the threshold for normal precipitation, and the 9th decile as the threshold
for heavy rainfall. Statistical analyses were performed using MATLAB and Excel software,
and maps were produced using GIS. Precipitation anomalies were examined in two ways:
(1) comparing precipitation during SSW with the long-term average by month, and (2)
examining precipitation trends before, during, and after SSW events. Additionally, the 14-
day period following the peak of each SSW (point C) was considered as the average effective
duration of SSW on surface weather.

Results and Discussion
The results revealed that SSW events occurring in different months do not have uniform
effects on Iran's precipitation. In SSW events occurring in December, January, and February,
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the northwest region experiences the greatest precipitation changes, exceeding normal
values, with the probability of rainfall above the 9th decile increasing up to 65%. Western
and southwestern regions also receive above-average precipitation with a high probability of
heavy rainfall. Specifically, in January SSW events, a continuous zone of above-average
precipitation extends from the northwest to Khuzestan province in the southwest, while
southern regions experience severe drought. In February SSW events, the heavy precipitation
zone is more concentrated in the western regions. Precipitation along the Caspian Sea coast
shows an inverse relationship with SSW; in all analyses, significant precipitation deficiency
during SSW events is observed in these areas. Southern regions consistently experience
below-normal precipitation during all SSW events. In March SSW events, central Iran
receives above-average precipitation, while eastern Iran experiences heavy rains compared
to normal. The analysis of the 14-day post-SSW period showed that the northwest and west
receive more than 20% of the 120-day (December—March) total precipitation, compared to
the expected normal of approximately 11.5%. The 9th decile analysis confirmed that the
northwest (including stations such as Ahar, Bostanabad, Khalkhal, Mianeh, Bijar, and
Qorveh) has the highest probability of heavy rainfall occurrence during the 14 days following
SSW, while the Caspian coast, southern, central, and southeastern regions show decreased
heavy rainfall probability.

Conclusion

This study demonstrates that SSW events significantly influence precipitation patterns
across Iran, but the effects are neither spatially uniform nor temporally consistent. The month
of SSW occurrence plays a critical role in determining regional precipitation responses. The
northwest and west of Iran are most vulnerable to heavy and above-normal precipitation
during winter SSW events, while the Caspian coast and southern regions consistently
experience precipitation deficits. The lag between SSW occurrence and its surface effects
(approximately 5-20 days depending on SSW intensity) must be considered in weather
forecasting. These findings can improve monthly and seasonal precipitation forecasts and
contribute to early warning systems for flood-prone regions in western and northwestern
Iran.
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