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Extreme precipitation is one of the most important hazardous weather phenomena in
southeastern Iran, leading to substantial economic and social impacts annually. This
study aims to examine the temporal and spatial variations in extreme precipitation in the
region and its correlation with Sudan low-pressure systems. To achieve this goal, data
from the Aphrodite and CHIRPS for precipitation with spatial resolution (0.25° by
0.25°) and SLP (ERS5) data with spatial resolution (0.75° by 0.75°) were used over a 40-
year period (1979 to 2018). Extreme precipitation events were identified by examining
the 90th and 95th percentiles. To locate low-pressure centers, criteria included having
the lowest pressure relative to eight surrounding points, a pressure difference of 0.8 to
3.8 hPa between these points and the central pressure, which needed to be below 1008
hPa. Temporal and spatial variations were assessed using a modified Mann-Kendall
nonparametric method along with Sen's slope estimator. The results of the first part
showed that extreme precipitation had different spatial distributions across the region,
with approximately 49% and 30% of network points showing significant positive trends
according to the 90th and 95th percentiles, respectively. The remaining points exhibited
no discernible trend, particularly in the central part where weather stations may be
lacking. The findings from the synoptic analysis indicate that the alterations in
precipitation boundaries in Sudan can be explained by the variations in the activity of
low-pressure centers, so that in the second period, The Sudan low pressure had a
relatively higher frequency. This means that the intensity of heavy rains is associated
with the increase of extreme low pressure events in Sudan.
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Introduction

In the 21st century, humanity's reliance on fossil fuels to satisfy energy demands has resulted in a
significant increase in greenhouse gas concentrations. (IPCC,2007 and IPCC, 2014). The
Intergovernmental Panel on Climate Change (IPCC) has indicated that this rise in greenhouse gases is
a primary driver of global warming. In this regard, numerous studies have highlighted alterations in
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the characteristics of rainfall in Iran, (Mansouri Danshvar, 2019; Kaboli et al. 2021; Asakere and
Ashrafi, 2023) particularly regarding its volume and intensity (Vaghafi et al. 2019; Jahanshahi et al.
2024). Notably, these changes are not confined to southeastern Iran (Dargahian et al., 2021). Extreme
precipitation events represent a critical atmospheric hazard in this region, leading to substantial
economic and social repercussions annually. This study aims to analyze the temporal and spatial
variations of rainfall thresholds in southeastern Iran and explore their correlation with low-pressure
systems originating from Sudan.

Data and Methology

The forthcoming research employs a statistical-synoptic approach. It utilizes two types of data to
better understand changes in precipitation in southeastern Iran and its connection to Sudanese low-
pressure systems (specifically those affecting the Red Sea). The study incorporates APHRODITE and
CHIRPS rainfall grid data with a spatial resolution of 0.25 x 0.25 degrees, alongside SLP grid data
(ER5) at a resolution of 0.75 x 0.75 degrees, covering a statistical period of 40 years (1979 to 2018).
Extreme precipitation events were identified by examining the 90th and 95th percentiles. To pinpoint
low-pressure centers, specific criteria were applied: the point must have the lowest pressure point
relative to eight surrounding points, exhibit a pressure difference of 0.8 to 3.8 hPa, and have a central
pressure below 1008 hPa. Temporal and spatial changes were analyzed using the non-parametric
modified Mann-Kendall method and the age slope technique.

Result and discussion

The upcoming study has two statistical and synoptic parts. What is debatable is that the trend of the
amount of rainfall above the 90th percentile has increased in 29% of the network points and spatially
in the north and southeast of Sistan and Baluchestan, northwest, center and southwest of Kerman and
north and west of Hormozgan precipitation is positive and increasing. Also, while the amount of
rainfall threshold above 95% in 30% of the network points has been increasing and spatially, apart
from three points in Sistan and Baluchistan province, where the slope of their changes was negative,
the amount of rainfall threshold was decreasing in the northwest, west and in the southwest of Kerman
province, the amount of precipitation was increasing and this trend was significant at the level of 0.05.
In addition to the topics mentioned in the synoptic section, the findings of the research are also shown.
The maximum frequency of low pressure at zero hour (12 PM) is in March, April and December and
the minimum frequency of low pressure is in November and February. In terms of location, the
maximum frequency of low pressures is in the south and east of Sudan, east and north of Ethiopia,
west and south of the Red Sea, and then in the Persian Gulf, Strait of Hormuz, Oman Sea and in the
southeast of Iran (northeast of Kerman and north of Sistan and Baluchestan and the eastern border of
this province) and the minimum frequency of low pressures was observed in Ethiopia, Saudi Arabia,
Yemen and Oman.

The areas that had the maximum frequency of low pressure are actually the same areas where the
Sudanese low pressures usually travel through that place and enter the southeast of Iran, and the areas
where the maximum percentage of low pressure was observed are actually the main areas of cyclone
generation in are the area level. At six o'clock, in terms of time, the maximum frequency of low
pressures was observed in March and April, and the minimum frequency of low pressures was
observed in the months of November, October and January. In terms of location, the maximum
frequency of low pressure formation is in the south and east of Sudan, west and north of Ethiopia, west
and south of the Red Sea and next in the Persian Gulf, Strait of Hormuz, Oman Sea and in the
southeast of Iran (northeast of Kerman and north of Sistan and Baluchestan and the eastern border of
this province) and the minimum frequency of low pressure was observed in Ethiopia, Saudi Arabia,
Yemen and Oman. Also, the lowest frequency of formation of low pressure during the day and night is
related to this hour. At this time, the maximum frequency of low pressure formation was observed in
March, December and April and the minimum frequency of low pressure was observed in November
and February. In terms of location, the maximum frequency of low pressures is in the south and east of
Sudan, south, west and north of Ethiopia, west and south of the Red Sea and next in the north-west of
Yemen and in the south-east of Iran (north east of Kerman, and north and Southeast Sistan and
Baluchestan, and Hormozgan provinces) and the lowest percentage of low pressure was observed in
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Ethiopia, Arabia, Persian Gulf. Also, the highest frequency of low pressure formation during the day
and night was related to this hour. In terms of time, at 18:00, the maximum frequency of low pressure
formation in this hour was observed in the months of March, December and April, and the minimum
frequency of low pressure was observed in the months of November, October and January. In terms of
location, the maximum frequency of low pressures was in the center of Africa, south and east of
Sudan, south, west and north of Ethiopia, west and south of the Red Sea and then in the area of Oman
Sea and Strait of Hormuz, southeast of Iran (northeast of Kerman and North of Sistan and
Baluchestan) and the minimum frequency of low pressures is observed in the area of Ethiopia, Arabia,
Persian Gulf.

It was also found that the frequency of low pressure during the day and night after 12 AM o'clock
was related to this hour. By dividing the statistical period into two twenty-year periods and comparing
the frequency of low pressure formation at zero hour, the frequency of low pressure in the second
period increased compared to the first period, but at six hours, the frequency of low pressure in the
second period was decreasing. At 12 AM o'clock, the frequency of formation of low pressures in the
second period was also decreasing. It was also found that the frequency of low pressures at 18:00 in
the second period declined.

Conclusion

The findings from the initial analysis indicated that precipitation in the region exhibits varied spatial
distribution. According to the 90th and 95th percentiles, approximately 49% and 30% of the
monitoring points demonstrated a positive and significant trend, while the remaining points showed no
discernible trend. Typically, areas without trends were located in the central part of the study area,
which occasionally lacks weather stations. The synoptic analysis revealed that changes in precipitation
patterns can be explained by variations in low-pressure activity centers in Sudan. Specifically, during
the second period, there was a notable increase in the frequency of low-pressure systems in Sudan,
suggesting that the intensity of heavy rainfall is linked to a rise in extreme low-pressure events in that
region.
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