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Heavy rains are a climatic feature of the precipitation element that can happen in any
climate. But its occurrence in arid and semi-arid climates is due to the lack of adequate and
suitable infrastructures, along with damage. These rains occur in different synoptic
conditions. In this research, the role of atmospheric rivers in the formation of this
phenomenon has been studied. For this purpose, first, the heavy rains of stations in the
west and northwest of Iran were extracted in a period of 33 years. Then the precipitation
systems were separated along with the atmospheric river.In the next step, by using
atmospheric maps of the levels of the lower layer of the troposphere, synoptic patterns
leading to the creation of atmospheric rivers were identified. The results of this study
showed that atmospheric rivers leading to heavy rains in this region follow three general
patterns. The two low pressure patterns of Sudan and the combined pattern of Sudan low
and Mediterranean cyclone respectively have played the biggest role in creating
atmospheric surfaces leading to heavy rainfall. In the synopsis pattern of Sudan low from
two to three days ago, a wide tab of Siberian high pressure in the lower layer of the
troposphere, passing through the countries of Afghanistan and Pakistan and the eastern
part of Iran, spreads over the warm waters of the Oman, Arabian and Gulf of Aden seas.
This trough transports the moisture of these seas into the Sudanese system with the eddy
circulation. With the deepening of the Mediterranean trough over West Asia and North-
East Africa, this moisture forms along the southern currents in front of the trough and is
strengthened by passing over the waters of the Red Sea and the Atmospheric River. In the
integration pattern, with the extension of the Sudan low pressure trough to the eastern part
of the Mediterranean and western Asia, the moisture of the warm southern seas is advected
over this region and is strengthened by the transferred moisture from the Mediterranean
and the atmospheric river is formed.
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Introduction

Rainfall in arid and semi-arid climates is a divine blessing for living life. Due to the huge amount of atmospheric
precipitation, heavy rains are considered as an opportunity to repair water shortages in an area. However, due to
weak infrastructure, unfavorable land uses and weak vegetation and soil, these rains generally turn into terrible
floods. and damages the same weak soil resources, vegetation and infrastructures.

Data and Method

According to the purpose of this research, which is to extract synoptic patterns of atmospheric rivers leading to
heavy rains, firstly, the rainfall data of all synoptic stations in the western and northwestern regions of Iran in the
recent 33-year statistical period (years 1987-2020) had complete statistics, it was extracted. Then, all samples
where rainfall was reported in half of the selected stations were separated. In the next step, the magnitude of the
vertical water vapor flux was calculated using the data of the vertical flux of water vapor in the east and the north
with a spatial resolution of 0.5*0.5 degrees. Then, for all the selected precipitation samples, the possibility of
atmospheric rivers was checked. To calculate the magnitude of the flux, the data of the vertical flux of water
vapor, including specific humidity and v and u winds from sea level pressure to 300 hpa, are used, which can be
calculated in the Eulerian apparatus as follows:

1 300 hpa 1 300hpa
IVT = (Ef qu dp)? + (—j qv dp)?
1

000hpa 1000hpa

Where: ¢ indicates the specific humidity (grams per kilogram), u and v are the orbital and meridional
components in (meters per second), g is the acceleration of gravity, and dp is the pressure difference between the
two determined levels. In more general terms, it will give the sub-radical components of the vertical water vapor
flux in the orbital state or eastward plus the meridian or northward vertical water vapor flux. In the next step, the
precipitation samples that were associated with the atmospheric river were separated. Then, the atmospheric data
related to these precipitation samples for the data of geopotential height, specific humidity, orbital and
meridional wind and omega from the ncep ncar site in Sea levels pressure up to 250 hpa were received. Finally,
by using visual surveys, maps of the lower troposphere (sea levels pressure up to 850 hpa) of synoptic patterns
were extracted

Results and Discussion
In this research, in the period of 33 years, 76 rainfall systems with the atmospheric river have been identified
leading to heavy rainfall. The result of visual examination of the sea level maps and the levels of 1000, 925 and
850 hpa showed that in the western and northwestern regions In Iran, atmospheric rivers are created in three
synoptic patterns. These patterns are named as follows based on the main moisture supply system of atmospheric
rivers:

1-Sudan low synoptic pattern

2- The integrated of the Mediterranean cyclone and Sudan low pattern

3-Mediterranean cyclone synoptic pattern

Of the total atmospheric rivers leading to heavy rainfall in the west and northwest of Iran, about 73% of it is
from the Sudan low synoptic pattern, 25% of it is from the integrated synoptic pattern of two Sudan and
Mediterranean low pressure systems, and only 7% of it is from the Mediterranean cyclone pattern. For this
reason, in this research, examples of two low pressure patterns of Sudan and integration have been analyzed.
In the Sudan low synoptic pattern, from three to four days before the beginning of the formation of the
atmospheric river, a deep ridge with northeast-southwest direction extends from the origin of in Siberian high
pressure and sometimes in Tibetain high pressure towards the southern latitudes. This ridge after Passing through
the land area of Pakistan and southeast Iran, it enters the Oman and Arabian seas. This pattern prevails in all the
thickness of the sea levels up to 850 hpa. With the expansion of this ridge over the warm waters of the Arabian,
Oman and Gulf of Aden seas, considerable moisture is advected in a anticyclonic circulation inside the Sudanese
system. At higher levels, with the displacement of the Arabian subtropical high pressure to the east and its
establishment on the warm waters of the Arabian and Oman seas, the Mediterranean trough has completely
expanded to the southern latitudes, and with the cold advection of the sub-polar latitudes and the suitable
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advection over the eastern region of the African Sahara. (Egypt, Sudan and Ethiopia) the advected moisture over
the region along the southern currents of trough is transported to the northern latitudes. This moisture is
strengthened again while passing over the Red Sea and the atmospheric river is formed. This considerable
humidity is carried by the atmospheric river and along the southern currents of the trough on the western and
northwestern regions of Iran.

In the synoptic pattern of the integration of the Mediterranean and Sudan low in the lower troposphere, the polar
trough expands over the eastern Mediterranean by expanding southward. On the other hand, in tropical latitudes,
the Sudan low trough expands northward over the eastern Mediterranean and western Asia and merges with the
polar trough. This trough carried the moisture of the warm southern seas to the eastern coast of the
Mediterranean and western Asia in a cyclonic circulation. The moisture advected from the southern latitudes is
integrated with the transferred moisture from the Mediterranean Sea and the atmospheric river is formed. Finally,
this huge moisture is transported by the atmospheric river and along the south-southwest currents in front of
trough on the west and northwest of Iran.

Conclusion

The results of this research showed that, not all, but most of the heavy rains in the northwestern region of Iran
were associated with atmospheric rivers. This research also showed that moisture, more than half of the
atmospheric rivers in this region, is supplied from the warm waters of the South Seas and the low pressure of
Sudan played a key role in the creation of this river. As for other atmospheric rivers, an integrated pattern of two
Sudan’s low pressure and the Mediterranean cyclone have provided the necessary conditions for the formation of
an atmospheric river. But the atmospheric rivers resulting from the Mediterranean cyclone pattern have been
short-lived and weaker.
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