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Article Info ABSTRACT

Article type: Objective: Subtropical high pressure (STHP) and Mediterranean cyclone are among the
Research Article

most important synoptic systems affecting Iran's climate.

Methods: In this study, the effect of the high altitude location of the sthp on the
Article history: Mediterranean gyres during the droughts and wetness of Iran during 1979 to 2020 was
Received 11 November 2023 analyzed. In this regard, two datasets were used. Station data were used to identify drought
élfgﬁps):\z%morafr?:mﬁr ZI\(/)éfch and wetness periods, and ECMWF-ERADS grid data was used to identify the location of
2025 high pressure in the subtropical region..

Results: The results showed that STHP with 3 anticyclone cells (ridge) affects the

position of atmospheric waves affecting Iran's rainfall. The STHP system, especially the

Keywords: . . . . . .
Irar)llw Arabian Subtropical anticyclone (ASA) and North Africa, play a more important role in
Rainfall, the location of the cyclone affecting Iran's rainfall, so that widespread droughts with the
Arte}blarll Subtropical expansion of the ASA to the west and its integration with the African anticyclone, the lack
anticyclone, . . .

Subtr}gpical high pressure, of expansion of the Mediterranean trough to the sea Redness and reduction of Sudan low
Mediterranean cyclones. and Mediterranean integration systems occur. With the eastward movement of the ASA

over the Arabian Sea and the northern Indian Ocean, the Mediterranean trough deepens
and the amount of waves and consequently the rainfall of the country increases. Therefore,
the eastward expansion of the Arabian Peninsula and the strengthening of the North
African Ridge provide the conditions for the expansion of the Mediterranean Sea.
Conclusions: Whenever the ASA is located in its easternmost position on the Oman Sea
and the Arabian Sea, it will lead to the advection of moisture for Iran through the access
to the large areas of southern water and eventually rainfall. The main cause of the
occurrence of drought and wetness in Iran is the spatial variations of atmospheric waves
due to the spatial variations in the ASA.
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EXTENDED ABSTRACT

Introduction

Droughts and wetness occur due to extreme precipitation anomalies and have a great impact on
hydrology, agriculture, water resources and the Earth's ecosystem. Precipitation itself is
influenced by large-scale atmospheric circulation such as low pressure, dynamic cyclones and
the strengthening of the ascent factor. It is a suitable indicator for identifying drought and wet
and related hazards such as floods, landslides, fires and lightning. In other words, precipitation
changes in mid-latitudes region are influenced by synoptic patterns such as cyclones and
anticyclones. These circulation patterns, with their semi-permanent dominance, affect the
temporal and spatial distribution of precipitation. While these systems are constantly changing,
they follow a series of processes and factors that have an independent and known existence.
These atmospheric processes and patterns are what cause the diversity of the weather, and they
must be identified and studied to understand the reality of the weather. In general, climatic
conditions in the middle latitudes are highly variable due to the presence of subtropical high-
pressure systems and westerly wind currents and their derivatives such as cyclones and
migratory lows, so that spatial changes in atmospheric waves are the result of changes in
subtropical and tropical pressure centers and the polar vortex. The subtropical high pressure of
the Azores is the most prominent and permanent weather feature in the subtropical region of
the Northern Hemisphere and Iran. The role of the subtropical high pressure in the stability of
the atmosphere and the reduction of summer precipitation and the occurrence of drought is quite
evident. However, the role of this system on the climate of the cold season of Iran and the
occurrence of wet and dry periods has not been explained to a large extent. Although in recent
years, researchers have introduced the subtropical circulation as an important component in the
atmospheric circulation affecting the precipitation of Iran and Southwest Asia. However, the
spatial changes of the Mediterranean cyclone as a dynamic factor affecting the precipitation in
the cold season of Iran, simultaneously with the fluctuations of the Arabian subtropical high
pressure, have remained largely unknown. Also, due to the link between the Mediterranean
cyclone generation and the subtropical high pressure as the most important circulation factors
affecting the climate of Iran, studying their spatial changes during wet and dry periods can
provide a suitable approach, because the subtropical high pressure center has a greater impact
than other atmospheric systems on the climate of Iran. In this regard, the present study attempts
to take a step towards understanding the role of the subtropical high pressure on the occurrence
of drought and wet periods in the country by synoptically analyzing the effect of the position
of the subtropical high pressure on atmospheric waves affecting the precipitation of the country.

Methods

In order to investigate the effect of spatial-temporal changes and the role of subtropical high
pressure on the occurrence of wetness and droughts over Iran, two datasets of data were used.
The first data includes precipitation data from 350 synoptic and rain gauge stations. The second
data includes grid data of zonal and meridional (U,V) wind patterns, geopotential height, and
pressure from the European Center for Medium-Range Weather Forecasts (ECMWF-ERAD)
database with a spatial resolution of 0.25 x 0.25 degrees for the period 1979 to 2020.

In order to identify the subtropical high-altitude center, the maximum geopotential height for
high- pressure cells greater than 584 decimeters (dm) was considered as the subtropical high-
pressure center. Accordingly, the grids that were within the high-pressures representing the
ridge and trough were identified. The 584 contour high-pressure at the level of 500 hPa was
used to identify the northern limit of the high-pressures. In addition, the sinuosity index was
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used to examine the changes in atmospheric waves during wet and dry periods. Finally, we
performed synoptic analysis for dry and wet periods.

Results

The results of this study showed that the subtropical high-pressure ridges, especially the
Arabian cyclone, with their spatial changes cause large changes in the intensity and location of
westerly wind waves, especially Mediterranean cyclones. This cyclone, which is associated
with large westerly wind waves, affects the southern spread of cyclones, wave development,
and Mediterranean cyclones. The spatial changes of the Arabian subtropical high pressure over
lower atmosphere affect the location and intensity of the cyclones in the eastern Mediterranean.
If the aforementioned high perssure is located in its easternmost position, the ground for the
expansion of the Mediterranean cyclone towards Iran increases. In this case, most regions of
Iran experience abnormal precipitation. However, with the expansion of the Saudi high pressure
northward, the conditions of atmospheric stability are strengthened by the retreat of the
Mediterranean cyclones, which causes dryness over the country. Therefore, the main synoptic
factor of the occurrence of wetness and droughts in Iran is the spatial changes of the subtropical
high pressure and the high altitude of Saudi Arabia. Other synoptic factors are affected by the
changes of the subtropical high pressure and play a secondary role.

Conclusion

According to the results obtained in this study, it can be concluded that the position of the
subtropical high pressure has a greater impact on the Mediterranean cyclone generation and
consequently the fluctuation of the country's precipitation, especially the changes in the
precipitation of the western half of the country. The best position for Iran's precipitation events
(wetness) is the eastward shift of the Arabian cyclone over the Arabian Sea and the northern
Indian Ocean and the strengthening of the northward direction of the North African high
perrssure towards higher latitudes. The most intense wetness and heavy rainfall also occur when
the Arabian high pressure is at its easternmost and the moisture flux is from the moisture sources
of the southern seas, including the Indian Ocean, the Arabian Sea, the Oman Sea, and the
Persian Gulf. As the Arabian Ridge expands eastward, the North African Ridge also expands
toward Europe, providing conditions for the transfer of currents from Europe to the
Mediterranean, intensifying the gradient and strengthening the Mediterranean trough. During
the occurrence of wetness in Iran, the country's precipitation increases by an average of 44 mm.
In general, the results showed that the subtropical high-pressure ridges, especially the Arabian
subtropical anticyclone, with their spatial changes cause large changes in the intensity and
location of westerly wind waves, especially Mediterranean cyclones. This circulation is
associated with large westerly wind waves and affects the southern expansion of cyclones, the
development of waves, and Mediterranean cyclones. Therefore, the main synoptic factor of the
wetness and droughts in Iran is the spatial changes of the subtropical high-pressure and Arabian
subtropical high persuure. Other synoptic factors are affected by the changes of the subtropical
high-pressure and play a secondary role. Therefore, any investigation and exploration of the
changes in atmospheric elements over Iran should focus on the role of the subtropical high-
pressure.

Keywords: Iran, Rainfall, Arabian Subtropical anticyclone, Subtropical high pressure,
Mediterranean cyclones.
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