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ABSTRACT

In global meteorological literature, atmospheric rivers are defined as long and narrow
pathways of intense water vapor transport towards the Polar Regions in the middle
latitudes, typically associated with low-level jet streams along the leading edge of
extratropical cyclones. In this study, to identify the origins of the incoming atmospheric
rivers to the study area, precipitation systems that occurred at more than half of the
region's stations were selected. Then, using vertically integrated water vapor flux data
from the east and north of the study area with a spatial resolution of 0.5 x 0.5 degrees,
the magnitude of the water vapor flux was calculated. To calculate the magnitude of the
flux, data including specific humidity and meridional and zonal winds at pressure levels
from 1000 to 300 hPa were used. Showed that these rivers have entered northwest and
west of Iran from four moisture sources. The sources are the warm southern seas (the
Sudan - Red Sea low-pressure pattern), the convergence zone region, the combined
source of the Sudan low-pressure system and the Mediterranean circulation, and the
Mediterranean Sea. Among these sources, the warm seas of Arabia and Oman and the
Red Sea had the largest share in the incoming rivers to the region. These atmospheric
rivers have been the strongest in terms of both temporal continuity and moisture flux.
They first enter southwest Iran and then into the study area. The atmospheric rivers with
the convergence zone source rank second in terms of their contribution to the region's
precipitation. After passing through the eastern Mediterranean coastal countries and
Irag, these rivers enter the study area. Overall, the incoming atmospheric rivers to this
region have the highest probability of occurrence in the time interval from 00 to 06
Greenwich Mean Time.
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Extended Abstract

Introduction

Moisture supply for precipitation systems is one of the most important elements in the thermodynamic energy of the
system and the intensity of precipitation. Atmospheric rivers indicate conditions where a huge amount of moisture has
been advected into the systems. Therefore, identifying the moisture origin of such systems and synoptic patterns
leading to the formation of these conditions will greatly help in forecasting heavy rains and weather forecasts.

Methodology

To conduct this research, the rainfall data of all the stations were first identified in this region. According to the selected
statistical period for the research, these data were extracted from the Iran Meteorological Organization for a statistical
period of 11 years (2006-2016). Since the number of rainy days was very high due to the large number of stations and
the diversity of the region, these samples were selected by selecting the criteria. For the investigation and analysis,
therefore, systems were selected that had rained at least in half of the selected stations. In the next step, the magnitude
of the vertical water vapor flux was calculated using the data of the vertical water vapor flux in the east and north with
a spatial resolution of 0.5*0.5 degrees of arc. The magnitude of the flux was calculated using the data of the vertical
flux of water vapor, including specific humidity and orbital and meridional winds from the level of 1000-300 hpa.
Then, the atmospheric rivers were calculated and drawn for all the days involved in the rainfall system and with 3-hour
time intervals. Because no structural features were realized in all the selected hours, only the rivers that met all the
defined conditions were kept for further studies, and the rest of the rivers were removed from the analysis process. In
this research, therefore, concentrated paths of water vapor flux above the threshold with continuity in length (at least
2000 km) and a length-to-width ratio greater than two were determined as an atmospheric river. Finally, the origin of
the atmospheric rivers was identified according to the origin of the atmospheric river formation. Then, the axis of the
atmospheric river was drawn using the region of the highest moisture content in the atmospheric river in each cross-
section.

Results and Discussion

According to the results of this research, despite the proximity of this region to the moisture sources of the
Mediterranean, Caspian, and Black seas, these seas do not play an essential role in providing moisture to atmospheric
rivers. However, the warm southern seas are responsible for a higher share of the atmaospheric rivers entering the region.
As such, 45.5% of the rivers entering the region are directly affected by the low pressure of Sudan and the humidity of
the southern seas, and 21% are in the integrated state of low pressure of Sudan and the Mediterranean Sea, and the
humidity of the Mediterranean Sea and southern seas have been formed and entered the study area. Atmospheric rivers
with the humid origin of the tropical convergence zone and those with the origin of the Mediterranean Sea are in the
next ranks.

Another phenomenon related to the atmospheric rivers in the west and northwest regions is the lack of continuity of the
atmospheric rivers in a certain period. In other words, when the atmospheric river enters the study area, it may only last
for 2-3 hours and then disappear or move. The atmospheric river may be active with the same fixed origin for several
days in a row over other regions of Iran. Basically, the atmospheric rivers that enter the study area from the origin of
the Mediterranean Sea have the least continuity. In general, the atmospheric rivers with the origin of the South Seas
have been stronger than other sources both in terms of time continuity and the intensity and amount of moisture transfer.

Conclusions

The results of this research demonstrate that the atmospheric rivers that lead to heavy rains are generally from the two
origins of the warm southern seas or a combination of two sources of moisture from the Arabian and Oman seas in the
lower troposphere and moisture transferred from the tropical convergence zone in the middle troposphere. These
atmospheric rivers are most active between 00:00 and 06:00 GMT.
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Fig (5): Atmospheric rivers originating in the southern seas.
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Fig (6): Atmospheric rivers originating in the tropical convergence zone

il i 5l o Lio b g9 slaailso,

Ayle (B — o6 olal :Lag,o.cj odlEg i dilyhae by 0,8 b Sl (e 5l i bailsog, ol a5 wes o las Y S
— f Ly Glaa b g oalizodi Lo cnl (g9 5l jome b paiar ailinoe gbys )8 )0 adsl (6,5 USG5l am eailssg ()l
90 slaasl; pleol Jdo 4y a5 olidl asalys 5lasl gasaes ol o o iy, 4565 pl Wgd oo bwl ©ye slo Sis o)lg 3,5
S ywgygy Sl Gus sl ) Lme aig plad )3T 5 Bl iz 2l 50 slaaily b Uy BT 5 i se g 2l ailole
@5 G o 4 s 5 (S GGl Lig)l 5,8 05l Lulyd cnl )0 0,5 e 8 a2y sleailels (nl slaaily coeSl>
Mo )l b osb mgix leml jo b, g 00,5 cop ((de) )y Coomw 4 gu,0id 0gl dondd)d g &S ol

(Y US)aS oo

&l e gb o Licw b se2 sbails g, (V) Jsis
Fig (7): Atmospheric rivers originating in the Mediterranean Sea
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Fig (8): Atmospheric rivers with a combined origin of the warm southern seas and the Mediterranean Sea.
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Fig (9): Geopotential height (contour), wind field (vector) and humidity (shaded) levels of 1000 (a), 925 (b), 850 (c) and 700 (d)
hectopascals on January 28, 2019
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Fig (10): Geopotential height (contour), wind field (vector) and Omega (shaded) levels of 700(a), 500(b) hectopascals and atmospheric
rivers (IVT), sea level pressure (SLP) at (c) 03 hours, 06(d) on January 28, 2019.
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Fig (11): Rainfall zoning in the west and northwest on January 28, 2019.
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Fig (12): Geopotential height (contour), wind field (vector) and humidity (shaded) levels of 1000 (a), 925 (b), 850 (c) and 700 (d)
hectopascals on March 17, 1998

Gy 35 po ilod STy el Lol )8 ailate g2 (S [Lslo  Seoliys (cloaslobes JIul xS A+ 515 51 631 ol o
i S 28,8 00085 b ISl AD® 1 5l 55y 428 5SS iz 3,0 6 0l b S5 2 shems s s slafl 0 oS
02 5| 05 35 0 5 00biingi SalS 0y )8 aals Mo slaglh 2 | Jolo caslin (I35 By 5 W55z (90 4 ook
ceolie 2l 5,5 5 WSz (28wl )0 Glaglr ot (Jled b il 08,5 USD ol (6L ,0 B o508 )9S 03gamxe ;3 (558
B g o sty plad (S i GBS rad g 0Bl Sl gl (b 00 )15 5 (s lelba (slagl 2 aleose,
3l b 1S slo )l ol Ko dibaia b jloz e g (logu ;385 Cgiz B ogl g sleil a5 (6 sl cunl aid S o ) 5T (g
gty Cugb, cal wglo)l> plSen ailie Susb) mle @ wtes 5 5 Slogse @ el vl i GBS Lo
shoby JU el oals 85158 anlllass ;g dilain (g5, 2 Coledys 5 Jlod Glago e 4 0sl gl 058 Coz — Cyz Glapl,>
s 53 Slolor ] S dilaie Cushe, 5 Lie iy s ogl ool 5 JSlygia Voo BAD: (slajl plas ;o 4585 IS

QO e d Dl i 51 glmo 3,8 5, » 4285 JSS (592 ailsog, Cogh,

\Yf



ohlkes g (xbsl ovag e $97 LAy sudes Sl g b Lice

SELP)L o Lis 515 (VT o slaailssg,  JSwbgiSa (D)0 - @)V -+ slajls Glaalo) slKal 5 s, ol lawe ((e6l8) Jomilin g5 glis )| (1Y) JSa
YAAA o LV Y 50,@IYY - C)slocel

Fig (13): Geopotential height (contour), wind field (vector) and Omega (shaded) levels of 700(a), S00(b) hectopascals and atmospheric
rivers (IVT), sea level pressure (SLP) at (c) 00 hours, 21(d) on March 17, 1998
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Fig (14): Rainfall zoning in the west and northwest on March 17, 1998
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