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Abstract

To recognize the Arabian Sea’s moisture transfer mechanisms during the occurrence of pervasive
drought and wet years in Iran, a standardized precipitation index (SPI) was applied to quantize Iran’s
droughts within the format of a monthly scale. Next, based on a spatial threshold, the drought or the
wet years that had engaged about 75% or more of the studied stations (63 synoptic stations) within the
period of a cold period (October-April) during 30 years (1986-2016) were defined as the pervasive
drought or wet years. In the end, using atmospheric gridded variables, the various mechanisms of the
Arabian Sea’s moisture transfer were examined during the occurrence of Iran’s pervasive drought and
wet years. The results indicated that during winter, the Asian thermal high pressure reaches its
strongest state, its western part is expanded, and, together with the Atlantic Ocean’s dynamic high
pressure, they capture the whole of central Asia, the Middle East, and northern Africa. Under these
conditions, the high pressure established over the Saudi Arabian Peninsula takes a more western
position and this new position disrupts moisture transfer from the Arabian Sea into Iran the result of
which would be pervasive dry winters for Iran.
Keywords: Geopotential Height, Dynamical High Pressure, Thermal Low Pressure, Saudi Arabian
Peninsula, Tibetan Plateau, Monsoon.
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Introduction

Due to the transfer of a large volume of moisture, the Arabian Sea and the Mediterranean Sea are
amongst the most important moisture resources of Iran’s precipitations. The Mediterranean Sea,
during the early fall and late spring, and the Arabian Sea, as well, as during the other months of the
year’s cold periods, are at the top of the most significant moisture resources for supplying Iran with
precipitations. The superior role of the Arabian and Mediterranean seas in the supplying of moisture to
Iran’s precipitations can stem from factors like their wide vastness and depth in contrast to the other
water breadths. Considering the results of the studies during the recent several decades, appropriate
knowledge on the identification of the synoptic patterns leading to Iran’s drought and wet years in
various temporal and spatial scales is obtained in this regard in Iran’s climatological literature.
However, even with such very rich literature, there are still ambiguities regarding the mechanisms of
moisture transfer from the adjacent seas, especially the Indian Ocean and Arabian Sea at the time of
the occurrence of pervasive drought and wet years. To fill the gap, the present study intends to
investigate the synoptic reasons for the translocation of the cyclonic and anti-cyclonic circulation
patterns over the Arabian Sea and north of the Indian Ocean at the time of the occurrence of the
pervasive drought and wet years in Iran.

Materials and Methods

To recognize the Arabian Sea’s moisture transfer mechanisms during the occurrence of pervasive
drought and wet years in Iran, two different databases were used. The first belongs to the monthly
precipitation data recorded in 63 synoptic stations for 30 years (1986-2016) and obtained from Iran’s
meteorological organization. The second database, as well, is pertinent to the atmospheric gridded
variables recorded in the form of monthly monitoring and acquired from the European Center for
Medium-Range Weather Forecast (ECMWF). After collecting the data and forming an information
bank, a standardized precipitation index (SPI) was applied to quantize Iran’s droughts within the
format of a monthly scale. Next, based on a spatial threshold, the drought or the wet years that had
engaged about 75% or more of the studied stations (63 synoptic stations) within a cold period
(October-April) during 30 years (1986-2016) were defined as the pervasive drought or wet years. In
the end using atmospheric gridded variables, the various mechanisms of the Arabian Sea’s moisture
transfer were examined during the occurrence of Iran’s pervasive drought and wet years.

Research Findings

During fall, the delay in the translocation of southward monsoon low pressure in southern Asia
causes its western part to be expanded over the Arabian Sea. This expansion causes dislocation of
westward high pressure situated over the Saudi Arabian Peninsula and the moisture transfer from this
sea into Iran is resultantly disrupted leading to pervasive droughts in Iran. But, when the South Asian
monsoon low pressure is located in a more southern situation, the expansion of its western part is
reduced and the high pressure located over the Saudi Arabian peninsula moves to the coasts of the
Arabian Sea with a little eastward dislocation. Under such circumstances, the whole Arabian Sea is
overwhelmed by this high pressure and its moisture enters Iran through the Saudi Arabian Peninsula’s
moisture canal. Nevertheless, Iran’s pervasive drought and wet years during winter are a function of
the jigsaw behavior between Asia’s thermal high pressure and the Atlantic Ocean’s dynamic high
pressure. When Asia’s thermal high pressure reaches its strongest state, its western part is expanded
and, along with the Atlantic Ocean’s dynamical high pressure, spread over the entire Central Asia, the
Middle East, and Northern Africa. Under these conditions, the high pressure situated over the Saudi
Arabian Peninsula takes a more western position and this new location causes disruption in the
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moisture transfer from the Arabian Sea into Iran and this ends in pervasive dry winters in Iran.

However, during some times when the Asian thermal high pressure is in its weakest state, the
western part thereof would not have the spatial expansion it has to. In such a situation, the eastern part
of the Atlantic Ocean’s dynamic high pressure is corroborated and expanded. Such an expansion
caused the high pressure situated over the Saudi Arabian Peninsula to move eastward and become
established over the eastern coasts of the Saudi Arabian Peninsula. This new situation causes the
transfer of moisture from the Arabian Sea into Iran to happen easily and the result would be pervasive
wet winters for Iran.

But, during spring, Tibetan low pressure and the Atlantic Ocean’s high pressure are the most
important actors of climate in southwest Asia. Whenever the low pressure of the Tibetan plateau low
pressure is strengthened and expanded over the eastern half of the Arabian Sea, the high pressure
established over Saudi Arabia would be dislocated westward as a result of which pervasive droughts
happen in Iran. However, when the Tibetan Plateau’s low pressure is ameliorated and its western part
distances away from the Arabian Sea, the Atlantic Ocean’s dynamic high pressure is corroborated and
its eastern part is expanded. This expansion causes the high pressure situated over the Saudi Arabian
Peninsula to move eastward with its central core taking place over the western shores of the Arabian
Sea under which conditions the whole Arabian Sea would be captured by this high pressure. This high
pressure transfers the Arabian Sea’s moisture through the Saudi Arabian Peninsula’s moisture canal
into Iran via a clockwise circulation. During the ending months of spring, as well, and with the
northward dislocation of the tropical convergence belt and its establishment over southern Asia and
also with the establishment of some parts of India’s monsoon low pressure over the eastern half of the
Arabian Sea, the moisture transfer from the Arabian Sea into Iran is practically decreased to a
minimum.

Discussion of Results and Conclusion

The results indicated that certain patterns play roles during every season in this sea’s transferring of
moisture. During fall, delay in the southward dislocation of southern Asia’s monsoon low pressure
causes the transfer of moisture from this sea into Iran to be disrupted the result of which would be
pervasive droughts in Iran. During winter when the Asian thermal high pressure reaches its strongest
state, its western part is expanded and, together with the Atlantic Ocean’s dynamical high pressure, it
captures the whole of central Asia, the Middle East, and northern Africa. Under these conditions, the
high pressure established over the Saudi Arabian Peninsula takes a more western position and this new
position disrupts moisture transfer from the Arabian Sea into Iran the result of which would be
pervasive dry winters for Iran. During spring, the Tibetan low pressure and the Atlantic Ocean’s high
pressure are the most important players in the climate in southwest Asia. Whenever the western part of
the Tibetan Plateau’s low pressure is strengthened and expanded over the eastern half of the Arabian
Sea, the high pressure established over Saudi Arabia is dislocated westward the result of which would
be pervasive droughts for Iran.
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Figure 1: Situation and geographical distribution map of the studied stations
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Table 1: Months with pervasive drought and wet years for the period 1986-2016
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Figure 2: Composite maps of geopotential height (contour) and relative vorticity (color) for 850
and 500 hpa levels for pervasive wet and dry octobers. (a) october 2005 as a pervasive dry october

and (b) october 1997 as a pervasive wet october
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Figure 3: composite maps of specific humidity (color) and stream line (contour) for 850 hpa
levels for pervasive wet and dry octobers. (a) october 2005 as a pervasive dry october and (b)
october 1997 as a pervasive wet october
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Figure 4: Cloud cover maps at the three levels of lower, middle and upper of atmosphere during

the occurrence of pervasive dry and wet months in iran. left panel, cloud cover in pervasive dry
october 2005 and right panel, cloud cover in pervasive wet october 1997
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Figure 5: composite maps of geopotential height (contour) and relative vorticity (color) for 850
and 500 hpa levels for pervasive wet and dry decembers. (a) december 2010 as a pervasive dry
december and (b) december 2001 as a pervasive wet december

(i Jﬁw) (;\JJ S slaoke 31 gloaules Olsea) 2010 el @ .laﬁ}a 6& i 9> By J&M
o ol s aS sus &l (N JS) GS153 5 sla s 31 (glodilad Olgeas) 2001 olves 4 by o (6,505
(wIh 1 JK.J BE ASMijLo.ﬁ S |0l A g5 Q\ﬂ\ 0594 9 l.:.,.«TuJ& g Oliw o3 J,.a.‘! L;;jb) 6|j;'>ua
J'? le.éalﬂ Lv A.M,..iULaJJ JK.M:L“;}:& A0« )lJJ BE Q‘ﬁl};- @’;j.b) 6\}2}#\ ﬂfbﬁ S LsLAeLA BE J}'“Ld‘) odalive
DL o.)s.«jiv.w‘) dLﬂj” .]9}127 (&_.d‘-\ L}‘<‘N> C,‘..A‘M uwj.:L:_;‘ u)f‘ju)—c 6%)3 6})}’ °}.’.j4" l.;.wiufo u}a-
C:,\J)L) JL&J‘).} b Qt.w._vj.ff gﬁf-u LS}‘)JJ Cg\) tw)‘ﬁ)\p\&)ﬁﬂuphlﬁ Q)MQ laal & w‘



VEF Sle o) opled AY by 0 Jlu (Jase g4l 5 Ll a oA

;‘}wﬂub xg‘},’iﬂ.ﬁb:

Gl el gl (b ) JKuly 5Ka A0 515 0L o bshs 5 (K Gble) ey Cusb) oS 5 gbadd 0 S
S5 5 eles S Olgea 2001 Sulus (0) 5,815 SKis julus S Olgwa 2010 ,ulus (W) 815 5 5 Sas
(Vs OBty 3 1)

Figure 6: Composite maps of specific humidity (color) and stream line (contour) for 850 hpa

levels for pervasive wet and dry decembers. (a) december 2010 as a pervasive dry december and (b)
december 2001 as a pervasive wet december
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Figure 7: Cloud cover maps at the three levels of lower, middle and upper of atmosphere during
the occurrence of pervasive dry and wet months in iran. left panel, cloud cover in pervasive dry
december 2010 and right panel, cloud cover in pervasive wet december 2001
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Figure 8: Composite maps of geopotential height (contour) and relative vorticity (color) for 850

and 500 hpa levels for pervasive wet and dry aprils. (a) april 1999 as a pervasive dry april and (b)
april 2015 as a pervasive wet april
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Figure 9: Composite maps of specific humidity (color) and stream line (contour) for 850 hpa

levels for pervasive wet and dry aprils. (a) april 1999 as a pervasive dry april and (b) april 2001 as a
pervasive wet april
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Figure 10: Cloud cover maps at the three levels of lower, middle and upper of atmosphere during

the occurrence of pervasive dry and wet months in iran. left panel, cloud cover in pervasive dry april
1999 and right panel, cloud cover in pervasive wet april 1991
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