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Introduction

In this paper, the authors study the large-scale atmospheric circulation over the southwest Asia
during boreal summer. First, the substantial characteristics and the nature of the large-scale
atmospheric circulation are investigated. Then, the temporal variability of circulation was
examined during a 61-year period (1948-2008). The findings indicate that the onset of Asian
monsoon is associated with the formation of a permanent westward flow in the upper
troposphere. The corresponding maximum convergence and subsidence locations of the flow
are the energy sinks over the southwest Asia and east of the Mediterranean Sea, respectively.
Maintenance of the large-scale atmospheric subsidence creates a transverse meridional gradient
in the temperature field; therefore, the meridional large-scale circulation is changed and this in
return creates a transverse Hadley circulation to be formed over the southwest Asia.
Investigating the nature of the summertime anticyclones over southwest Asia, it is known that
the anticyclones are dominant in all tropospheric levels. They are originally formed either as a
result of the descending air which is basically originated from the monsoon region or
accumulated heat of the surface of high plateaus in the mid-troposphere due to intensive
vertical advection of heat over southwest Asia, or a combination of both. The result also reveals
that among the physical, dynamical, and Jet indices, the physical index more favorably
shows the characteristics of the summertime circulation. Based on the physical index, it’s found
that the averaged summer season timing starts on June 7 and ends on September 28 over
southwest Asia. Investigating the temporal variability of the atmospheric circulation indicates a
considerable decreasing in summer length during the recent decades. On this base, although the
start timing of the summer shows very small changes on its long-term trend, the trend line
shows an eight to nine days decreasing of the season’s length during the study period. The
result revealed that the decreasing of summer length from 117 days to 109 days over southwest
Asia is mainly due to the early ending of that in recent decades. It is also found that both the
southwest Asia and the Asian monsoon regions have experienced similar decreasing trend in
their summer large-scale circulation strength during the study period. Examining the synoptic
scale atmospheric components showed a considerable strengthening in the Arabian high, the
Arabian low, and Shomal wind over the Arabian Peninsula. On the other hand, the
Turkmenistan anticyclone, Pakistan low and Sistan wind in the east and northeast of the Iranian
plateau experienced a slight weakening in their activity. Examining the horizontal divergence
field is also revealed the increasing trend of the circulation intensity of Iran anticyclone and the
Zagros convergence zone in recent years.

Materials and methods

The NCEP/NCAR daily reanalysis dataset (Kalnay et al. 1996) in a 61-year period (1948-2008)
are used to study the summer atmospheric circulation. In this research, the geopotential height,
temperature, Outgoing Longwave Radiation (OLR), zonal and meridonal wind components are
the variables that obtained from NCEP/NCAR daily dataset and horizontal divergence field,
divergent wind, relative vorticity and diabatic heating were calculated using the same dataset.
We first examined the sink and source of energy in regional scale. Then, zonal and meridional
large-scale circulations as well as its vertical structure were analyzed for April-October period
over southwest Asia and the dominant circulation patterns were derived. Three regional indices
including physical index, Jet Index, and dynamical index were designated to determine the start
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time, ending time and the length of summer season as well as to study the intensity of the
atmospheric circulation over southwest Asia. The above-mentioned indices provided the
possibility of assessing different aspects of the summer circulation. We also used the
geopotential height, relative vorticity, horizontal divergent fields and diabatic heating charts to
investigate the structure of the Iran and Arabian anticyclones in the mid-troposphere and the
Turkmenistan anticyclone, Pakistan low and Zagros convergence zone in the lower
troposphere. Finally, the temporal variation of the summer circulation components is studied by
using the most suitable variable for each component.

Results and discussion

The results show that the monsoon circulation over south-southeast Asia is the main factor in
which controlling the large-scale summer circulation over southwest Asia. However, the
surface heat forcing has the main role in the formation and maintenance of atmospheric
circulation in the lower and middle troposphere.

Investigating the synoptic scale circulation components, it is found that the Iran anticyclone is
formed by the existence of the Zagros Mountains. In fact, the vertical heat advection induced
by the existence of an elevated heat source in western Iran has the main effect on the formation
of a thermally-driven anticyclonic circulation in mid-troposphere. On the other hand, the
formation of the Turkmenistan anticyclone and the Arabian anticyclone shows different
mechanisms. The formation of the Turkmenistan anticyclone in the lower troposphere is mainly
due to the convergence and subsidence of the air with monsoon origin in southwest Asia at the
levels below 600 hPa. While the Arabian anticyclone is strengthened by the descending air
originated from the monsoon system as well as affecting by the surface heat forcing and the
vertical heat advection from the high lands of the western Arabian Peninsula. Appling
circulation indices in this research is led to the recognition of the main characteristics of
summertime atmospheric circulation including the start time, ending time, length, and intensity
of the boreal summer over the southwest Asia. Examining the temporal variability of the
summertime atmospheric circulation over southwest Asia, it is found that the summer length
has been considerably reduced in the recent years. The early ending of the summer can be
physically related to the early ending of the transverse gradient in meridional temperature field
during the 2-3 recent decades over the study region. The documents also indicated that
shortening of the summer and weakening of the atmospheric circulation over the southwest
Asia has a relationship with shortening the monsoon season and also weakening of the
monsoon circulation over south and Southeast Asia. However, the correlation between the
monsoon circulation and large-scale atmospheric circulation over southwest Asia shows a
decreasing trend. The latter can be an indicator of increasing the regional-scale factors role on
the southwest Asian climate. The overall result of this study indicates that from 1980 onward,
the inter-annual variation in the intensity of the activity of atmospheric circulation components
has been considerably decreased compared to the time before 1980.

Keywords: Southwest Asia, Summer Atmospheric Circulation, Monsoon Circulation, Iran Anticyclone,
Turkmenistan Anticyclone, Climate Variability.
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