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Abstract

The consecutive droughts experienced in Iran over recent years have highlighted the need to analyze atmospheric
structures and their effects on precipitation patterns and drought conditions. This study investigated the location
and spatial variations of key atmospheric circulation components, particularly synoptic systems, such as ridges
and troughs, in relation to the extent of monthly droughts across Iran. Using ERA5 data, which included 500 hPa
geopotential heights and precipitation data with a spatial resolution of 0.25°, the analysis covered the period
from 1979 to 2021. Monthly drought extent percentages (September to May) were calculated using the Rainfall
Anomaly Index (RAI) and categorized into 5 levels. The axes, as well as the southern and northern limits of
ridges and troughs, were extracted and mapped from western Iran to the eastern Atlantic. The results indicated
that during periods of widespread drought, the trough axis shifted from 30°E in September and May to 10°E in
other months, while the ridge axis remained centered over central to western Iran throughout the year.
Conversely, in months without drought, the trough axis was located between 30° and 40°E and the ridge axis
spanned from 0° to 20°E. Notably, during widespread droughts, the southern limit of troughs was observed over
North Africa, while the northern limit of ridges extended from Russia to Central Asia. The displacement of ridge
axes between drought and non-drought months (approximately 50°) was significantly greater than the shifts
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observed in the trough axes. This displacement, particularly of the southern trough limit and the northern ridge
limit, accounted for the decreased precipitation and increased drought conditions observed in December,
January, and March. The eastward and westward shifts of ridges and troughs might indicate a change in Iran’s
precipitation regime influenced by variations in regional atmospheric circulation within the broader context of
planetary circulation.
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Introduction

Westerly winds are a vital component of mid-latitude atmospheric systems, playing a crucial role in transferring
weather conditions across different regions. In the northern hemisphere during winter, these winds generate
synoptic systems that can extend from several hundred to several thousand kilometers, forming 3 primary long
waves: the long wave of eastern America, eastern Asia, and the Mediterranean. Research suggests that a key
convergence point for the westerlies at the 500 hPa level is situated over the Mediterranean Sea. The strong
meridional flow of these winds, particularly in winter, significantly influences the weather patterns of the
affected areas.

Moreover, the Mediterranean region is impacted by air masses originating from the Atlantic Ocean, resulting
in a northward influx toward the western Mediterranean. The Mediterranean long wave is shaped by the
interactions between subtropical high pressure and the polar vortex with its seesaw pattern reflecting meridional
movements. These atmospheric flows characterized by deep troughs and strong ridges have a profound effect on
weather conditions and precipitation across various regions. Spatial variations in the Westerly winds depend on
the fluctuations in the range and depth of pressure systems, which are crucial for the transport of air masses and
moisture. These changes can lead to significant precipitation anomalies and contribute to widespread droughts.
In Southwest Asia, particularly in Iran, the high variability in precipitation often results in severe and prolonged
drought conditions. This study aimed to examine the impacts of changes in mid-latitude atmospheric circulation
patterns on drought the occurrences in Iran, focusing on the roles of troughs and ridges in influencing
precipitation and drought events in this region.

Materials & Methods

To achieve the research objective of examining droughts in Iran with the spatial changes of troughs and ridges,
we utilized monthly data on precipitation and geopotential height (in gpm) at the 500 hPa level. This level was
chosen because it represented a critical point for westerly winds, where friction was minimal. The data were
collected and analyzed for the period from 1979 to 2021. The Rainfall Anomaly Index (RAI) was employed to
identify monthly droughts using monthly precipitation data from the ECMWF- ERAGS database. The RAI
assessed drought severity and classified it into 5 categories: very severe, severe, moderate, mild, and non-
drought. Geographic positions of the trough and ridge axes spanning from 40°W to 70°E and 10°N to 70°N were
extracted using ArcGIS software. We calculated the average positions of these axes for each month. Finally, the
relationship between the spatial changes of the trough and ridge features and the extent of drought areas in Iran
was analyzed using regression analysis.

Research Findings

The results indicated that the axes of troughs and ridges in the Mediterranean wave activity region exhibited
significant spatial shifts in relation to drought areas. When drought extent in Iran was limited (less than 20% of
the area), the ridge axes were positioned from the central to western Mediterranean, occasionally extending to
the eastern North Atlantic. In contrast, during widespread droughts (over 80% of the area), the ridge axes shifted
to span from the eastern Mediterranean to western Iran. Conversely, the trough axes were found in the central to
western Mediterranean during extensive drought periods, while during less severe droughts, they were located in
the eastern Mediterranean up to 40°E longitude. The study also revealed that the southern limit of the troughs—
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indicative of their depth and southward extension—shifted southward and westward during widespread droughts.

The positioning of the ridges and troughs was crucial for determining Iran's precipitation patterns.
Specifically, a ridge over the eastern Mediterranean was associated with reduced rainfall and increased drought
severity. Changes in the spatial positions of these ridges and troughs significantly impacted drought conditions in
Iran. Shifts in the ridge axes toward the eastern Mediterranean and trough axes toward the western
Mediterranean correlated with decreased rainfall and a higher incidence of drought in Iran. Conversely, strong
ridges over western Europe and the western Mediterranean could enhance precipitation in Iran by facilitating the
formation of deep troughs in the eastern Mediterranean. These findings underscored the critical influence of
regional atmospheric circulation patterns on Iran's climate, particularly regarding rainfall distribution and
occurrence of droughts.

Discussion of Results & Conclusion

This study explored the relationship between drought extent in Iran and the spatial positioning of key synoptic
atmospheric systems, emphasizing the role of Mediterranean troughs and ridges associated with the westerlies.
Analysis of monthly ERA5 precipitation and 500 hPa geopotential height data revealed that the location of these
systems significantly influenced drought severity and extent across Iran. Shifts in their position or wavelength
within the Mediterranean wave track of the westerlies affected climate and precipitation patterns in Southwest
Asia, including Iran. During widespread droughts, Mediterranean troughs shifted eastward toward the Atlantic
and western Mediterranean, resulting in the formation of a strong ridges over the eastern Mediterranean. This
shift obstructed rain-bearing systems from reaching Iran, exacerbating drought conditions. Conversely, when the
trough axis moved toward central Mediterranean areas, the eastern ridge expanded over Iran, further contributing
to drought. In periods of limited drought, the trough axis was situated in the eastern Mediterranean and
sometimes extended over Southwest Asia, while the ridge axis remained active over the western Mediterranean.
These configurations facilitated greater moisture influx into Iran, mitigating drought severity.

The findings suggested that shifts in the southern and northern boundaries of the trough and ridge axes
closely correlated with monthly drought trends. For example, the westward shift of ridge axes in October, April,
and particularly November, alongside the eastward movement of troughs, corresponded with reduced drought
extent, allowing westerly winds and moist flows to penetrate Iran. These results provided valuable insights into
how drought conditions in Iran were influenced by the positioning of Mediterranean troughs and ridges, which
were also affected by broader atmospheric circulation patterns, such as the North Atlantic Oscillation (NAO) and
Arctic Oscillation (AO).
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Figure 1: (a) Synoptic boundaries of the study area, (b) Geopotential height data, and (c) Spatial
distribution of ERA5 precipitation data over Iran
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Figure 3: Monthly average location of the ridge and trough axes concerning the percentage extent (colors)
of monthly droughts across Iran (1979-2021). The solid line represents the ridge axis, and the dashed lines
represent the trough axis.
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Figure 4: Location of the southern boundary of troughs in relation to the percentage extent (colors) of
monthly droughts across Iran during the period 1979-2021



\Vo O 5 Gk o g Ol g St 5 28y o8 sk dndy 5 osl Cunise

o Dk e baatiy b s Jsb Sl ks gl 15 ety (olde Sl LSbcow Lol Gas
Ol mde 5 Sl Cadge o Ligsl (60l 5 ariy o SLES 55 LWAES &S (g sbas 353 o &l e 550
5l s 5 A3l e O 0lnde B3 ISl e 000 515 3 05l pmee oS Jloy ol LIS 50
DLl 5 03lde) sls dal s &5 5508 55 (6,28 sla ol sl (Bl (3,8 Jsb ax ) £V/0 lellcias
gt g O @ R C1 LI R IR CRT P SVAPRCSITE PILIC VYO PR IR LY
sl pomd el e B8 G 35U L S5 53 (9) Oles Glus s o 2Ly 255 350 0 0Ll S
S sl ol sl 6l ) ol el g 2 (555 5 a8 5 clie casb L e a0l
e YA DL 5 OLILS Y o VAL OLSan 5 s Vo N TVA (Slnle) S e sl O !
WL 5 SLES Y Lo (AT 0L 5 sbltes ] ag S 180 . o IYATN O 5 rsl, VO
(o Ladllss 5 0L YOY L o NERY (o 5 55,5 60 Lo VEY OLea 5 aills SYAA o g
Sphie oS 5> JeSKis ok kil pd e JLSis S sl Sel el s e (TR o O 6T
{(Karimi et al., 2022, P. 959 0¥ . - (YA oL Kas 5 sbltexl oo )
23 b Do sd Ol 8 5 alnde B8 (6wl sl ol pl )l g amdled plrals 1L
dakie 31 a3 St o s bl B g5 050 (S S L G655l 5 bl e olsb Ol (gl
5o bl 2alS Jodsan e 550 3,0 sadl s ey 5 Ak SRl bl e s 0L i
5 bl G iilate 3 (UL 5 3 pa il SOl Cands pl s e kSIS e b [l
Ao SAden st 5 Olaies 31 galdad Ll Ol pl 5 &lnde B8 50 818 sl Jluslis 5 4l mde o 8

(A o YT (s VO o ATA0 Ko 5 OLLS OV o YA ¢ sllae) Lledwy gl o



A AN 5 A0 Yo ¢ 24l * A4
VERY 5ub OF oled A0 sy YO JLo >0 (55540l g Ll wA

80°E 10°W 0° 20°E 40°E 60°E 80°E
L =z 1 [ T T S T T T T

0-20 20-40 40-60 ® 60-80 @ 80-100
(AVA-Y+ Y1) §,05 55 Ol wlale la JLSKis (b K)) 658 do s 4 ar s b bandy Jld e SIS S ge 0 IS

Figure 5: Location of the northern limits of ridges concerning the percentage extent (colors) of monthly
droughts across Iran during the period 1979-2021

Bl G IS 5 030 g Ao g andy Jlod do Blable Kl SIS Ol i Xy,
oy 5 (Wlmde 2 &ly 5 G50 ) 8 ok slag e (Sis m PL) S et sl aallae (nl o
HL b oo esl e g A s 4ty e ek d Dl i 5 plab Cab e S0l 0Ll sl JLSi
SIS il g 5 o edalie (S 3 oS b0len (1 JSK8) b s 5 5 s ole a1 L 8T Lo
et 5ot e i B el e s sl el 5 ST Gl sbaele 3wty e Jled 1
Cr Sy il fled eole 5 455 5 el (slaole 5o Blieys sl ol Lralr 552 (Sl
ol 15 Laels & b il i (1 JSE) ol 03 il Cand e s Sl 5 G5 3
S sl 3 YL pmole 0 b e gl o a8 (bliess 5 a3 580 O e sl ebe

w‘x_gwjt}%)ﬂ‘ﬂl}; chSlaﬂk?»LgL&aLa)JLﬁojU‘)}zA&)Le-vb-ébj.:&ov\.huw(wb w)'\



(%% O 5 Gk o g Ol g St 5 28y o8 sk dndy 5 osl Cunise

bl obe 5 a5 Guelas Glasle 3 a5 Jl s sl el el 5 S0ke G55 5 B8 Jled
mb e e TSV AN e el it e 0 6T S g 0le 0 5 s S
ol o sdalie a3 T L Sl ole 53 plrale o 508 5 05 eebas 5 uelsi e sl e 515 (slasks

oy etz lasla 53 o3l Gas 5 baaniy 3 28 s Sl Cusd pe Doslite sl sl als Salise
g e stallin V ISLE 3 aS s boles 25,5 15 e 0Lyl sla i byl d b bl el bl
ol ity ol et 3 el odd Cd ol 5n 508 s JLSES § S alS Ly,
3 Jeoslole 53 53 Lol cpl il o sdalie 650 (S g3 5 o b5 pudlad 5 anty Jlad o (s g 8
ol ol slaele o (Jolie s g e el S JLSUS Colis L8 L) 50 5 S plralr bl
Laosl gt dm 5oy olralr 5 bady Jld d 5o 500, plrals ol 5 4515 Gules ) 4lS
503 G815 Lol o 53 5558 o3 JLSCist § 8 do s LEH L) b Cundge i pl 050 e s talin

bl 5 Dadeal 8 Jdsan el St slaele 53 oS sl esls LIS et gsy (o B (ol b
ok Ol ol A o V6T OLKes 5 syl 5ol i3l Ll 65l il & ol
Al e cdons o ) ety ($5mB 5 5 beesl Jlad do (S B el L Obepen Bl 85 0T 50 S
S0 S Wiy ol kil uel g ole 53 ISt 5208 2alS 5 6 sl sSI ol Olos Lol 530l
Lt pa e s Jessl slasle 5o ol JLSis 5 3k Sl eis 5 S slaable plralr Ol g goan
A edalie S Ol

0'v 5°‘E 10|“E 15"’E 20°E 25"’E SU.“E 35fE 4q“E
= A _ T

™ L B ¢z
HINE N
= g “ fe Kﬂ;]] ké,u &Q =
w S Al TR
8 : L ST R
z //" ety (N I e N N
B o =
z m_\} S dlgaeglye 4 7
:% \\ / -\j /’JWLH_ S " "r o (\,}7_

30°N

25°N
A ’
e
)]
. N
5 W ¢
s

55°N

///
z N ’
B B
/ ) e, g > /
= |9 Track V. v ,ﬁ“"\{, ﬁ g h/i Zl -
210 crss A= e 7T LR ,,T{

L 1 _ T s :
b = . A X T
Qa7 sty S O 7
e /f’\‘,—qg\% < i z |

0 4875 918 r‘tm{,ﬂf M
S Ol i ol jeaas (Canl)) 06 pg d (5:-«-?;) ly Jd e (JB g0 pls) Sl Cond g0 ailale «Jﬁg‘tﬁ‘ A s
(OBt 55 120) (VAVA-Y2YY) 555 3 (5 2S5 0 15) el

Figure 6: Monthly average location (hollow circles) of the northern boundary of ridges (left) and the
southern boundary of troughs (right), along with their spatial variations (gray circles) during the period
1979-2021
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Figure 7: Trend of changes in the extent of monthly wet-drought severity across Iran

& S 4o
S 225 Gla Sy S8 ambge 5 Ol Gla JLSast 5 28 o BLII oy Gaa b ol S
S ol el s plil sl e Adlae 3 g8 sl slaaciy 5 baesl 28 5 AST L ddes slaalela
Ol S5 B g 48 ol O 505 ailale SISl i 000 5150 ol 85 Ll 5 ook slaesls Jlos
L 58l 5 Cambsn ot 550 35 o b 0l s L JLslas 5 28 5 sy 6 Keder 5 sba Lasilla
Ul 5 bl e g 53 ol sl 5 Bl 8 sl gl e Jowe 50 3 Ll sm sk 2ol
el IS

& Ol 5o 815 sla JLuSias a5 laoy s jo 4 Al jasie lass sboids 4 laws gl s
(o b3l Dl S sl ol Il S e 5 il Slnde 5 edbl G e & e (slae sl sl
S 3 Dl Al el s 51 K03 G5 b Sl 5 ad e Gy 5 55 bty LSS 4
e 55 e G dms 03U sl sme i el xdls I3 4 |y ST 5 sla JLSist (ulgys 5 03,8
LS (sla It 355 ol 45 Al o (5 2k 3 Ol 8 sy B0 By s 35 Ll
Sla s 558 o8 5 bl b st gl 5 s el 53 il alp 3 ULl sl S8
Dy Olnl s 68 Aty ool 4 a4 550 e il 0 G gl S VL

YL Sl Ly oms) 5,5 s el e 550 5 gmmn con g Sl JLSiint 28 oS lae, s s ¢ lie,s
e 3 e s Ll Ok o Gl S ) s (Sl e 3 T Sle 515 glasilny
Padie JBd 8 Blade s e S G JLSist sl ) (So iy e il 5



(%) O Kan 5 Gk o g Ol g St 5 28y o8 sk dndy 5 osl Cunise

23wy 503 sy st 5 g o SIS Camdge gy 65 A b eSS ) ol e s
ol alale gla S5 S ts s s, L s bl ol oYL Sisles 51 Sl il (slasle
Jhomd (350 U 5 08 G sl g o3us sbar 5 oo e iosl ST lasle s baanzy Jlas o slrals
03 JaSa 8 Bl L laole Oles 55 eosl o A (w8 ol ol jonts 555 :80ke Cond s
OF Jlisas 5 ol [Lid y awiicide o o8 glasl jniw 358 Cel Ll i ol ol Kalen 5 p0de (slacls
sl ol JLaSas 8 S kS e 5 ool sl (o s ol a bl b LS
o=l 8 Sl o3 S S5 1y Gelbl 80 550 05 andse Sl 0 E 5 2 el bl (Jiliess
Ol s bl e g ddlaie @ 130550 slaailala 3555 pde 5 il ue 5,5 53 (658 ndy sbml Sl Ll 3
Lol glaariy 5 baosl SIS condge 51 0l Sl U 51 65 s S 4 Lls e S cnl 353 00
S SaS el AO 5 NAO w5l OF slasled 575 35 5 [y 5l slie 545 45 &l e dilaie 3 8

Bl
O U 5 e b5 3 4l e gladts o aadllas ((VFAY) Jodams ¢ Slgiol jai 5 o Kin b (5 55 (Gbo|
VA=V V)P ls 5 pnf K ad il sl gl pmsol
https://jesphys.ut.ac.ir/article_10842.html?lang=fa
O 55 e Sty iy 2 (0740 Lo e camamliooms 5 o o )35 oS0 5 (655 kol (e c(sutand]
0T ((£)0 O Kb sif - ls 7 m lad L3 oS35 4l ke
https://www.ijgeophysics.ir/article_40731.html?lang=fa
Sz atls o te e 5 doaig ((0YAE) lodeus (il 555 5 o e (63050 ((Slgr ¢ 265 2
A=V (V)T oS bl sl s Oledllo (6 555 Olul 2 Olial s
https://jargs.hsu.ac.ir/article_161383.html
(o Ll i Sldizer a gyl il s 5 ol Lo JLSis o Slodd St g b ,SIOYAY) 30 s

https://jgr.ui.ac.ir/article_17885.html Ad-\+V (V) F7

L S8 O s pl s s S glasss p 330 o Gls 55 Sl S50 s (0TA) b s
AF=TY GV (bl i o sle (53,65 Sliizi PCA 5l eslicl
https://jgs.khu.ac.ir/article-1-2834-fa.html
L O s las 5L OO 55 Ol (ola 5 cdonn il (Kidgn il U3 aoly
ANVNE0 (DM ames (g tol s Ll e 5 338 oy das oL Ol uis 5 dia
https://doi.org/10.22108/gep.2017.98103.0
G o Sl s head Sl 5 5 Cand e (OYM) Bl 55 ¢ sl 5 5ol 3 O g s goie IS i
AN W and (sl i sla ias s 0 ) Sle o8 gla L 5 5o
https://jphgr.ut.ac.ir/article_21497.html


https://jesphys.ut.ac.ir/article_10842.html?lang=fa
https://www.ijgeophysics.ir/article_40731.html?lang=fa
https://jargs.hsu.ac.ir/article_161383.html
https://jgr.ui.ac.ir/article_17885.html
https://jgs.khu.ac.ir/article-1-2834-fa.html
https://jgs.khu.ac.ir/article-1-2834-fa.html
https://doi.org/10.22108/gep.2017.98103.0
https://jphgr.ut.ac.ir/article_21497.html

VET Sl O o,les A0 by F0 Jlo (s 530,00 5 5 Wi VA

&L_UL) )L«Z gg_:ctib—v\_im 6L_AJ_3.L>J BE IDV ‘)b_e‘rj_: DJ.ULS (\i'\‘) e gLSJLLU‘)S 9 LJSI ch:l:.L?-

XOL-YYA (O« lsascf <l bls 5 s i3S, S K gla ik
https://cccd.znu.ac.ir/article_714762.html
Q‘)—:c"-? 6‘5[5“5 (\f,'\ﬂ) ‘5\.: cv_ibﬂﬁ B CMM cabb'jwu ad‘}l.@.: cdbb:l& (oo ‘.,U)\J ‘\Ia) ‘°-’l).L§).l’.=>'
MY O plsas lblbas 5 G555 0 5mb o i3 5 S15 0k Gl 28 5 S5 o 228
https://cccd.znu.ac.ir/article_714756.html
Yo-Y» c(io) 44.9//..&9- uﬁjjﬂ/’.«uj O)l?'w )mﬂ JLAJ.: L}&:.QW s Bs (\Y’\/'\) ‘ﬁ) ce.)bé)lpo-
https://ensani.ir/fa/article/147595
Q‘S_S*'T B u_«.:lé\ U.H_m_{w?- upl.& L Z......ll.in E) 6}[5‘) (\f.' ') 4.;4[.& cl...:g.w 9 ‘JLij.é coj}; c‘JAJ cc)bdjle&
XNV W Ll iz Ol ) G5 Oy s atli o ie
https://mag.iga.ir/article_245211.html?lang=fa
Ove )\JJ v_(,&__uﬁ_w L;Lﬁjfj\ L;{LML«.«;' BN BS] .(\V/\-\) )JU WKR3R S 4u.>.l.sw‘u.>) c)ﬁjﬂ;te- ;‘JA)' m:b’djbo—
pde (53,08 lidnd syl dzlys s pl i o o 8153 5 O e Glacblow W e SISl s
https://jgs.khu.ac.ir/article-1-545-fa.html Noo-VYo (0)V (o Lél mz o sle) L34
9 dl_a)ﬂ :&_..b‘ u‘:’jb: ch)LwdfaS (\i'Y) }.S\JLG ‘)}:f.g_s"““’*.;’ 9 ar.wu 4‘_§ﬁf¢« ch cw; Gwﬂj—\ﬂ c‘_g)J\:}
https://doi.org/10.22034/grd.2023.20370.1588
MY (N9 e (i tolip o ol 5 Lil iz O3l © e g sla (3L L OT BLS)l 5 5
https://doi.org/10.22108/gep.2018.97982.0
9 PNI RAI SIP 6l_au..a>l_& L;'Ll))‘ (\YA\) L..b).kw 4)}.:._"\3 Soge 3 LL~9}:¢LF' 46}}& 3 gawe ‘LSJJ“"'}
https://ges.razi.ac.ir/article_200.html V+—0Y (£)F c s (s /bl 5 L5] 2>
Lsu&j Sl dar IR (\VQV) D94 (Sode= ‘Q.A\JS.L:.W Le wﬁu chxws (G 90 (D gaeo céjfﬂﬁ-
ATNAY ((FO) I T wtman oo Ll i YA Il 3 O (e ciliien glajl 5 g
https://doi.org/10.22111/gdij.2014.1556
— 5ol (5LS15 (1Y84) il SLS 5 s dow ¢ mlr « gibanme 3Ll oy S5 ol 3 (3O 5 55
sla inyi JLLSos slus, ,\tsgb Loyl she oye 2oL 53 L;:;'-ulﬁjgi G et Lsdes
https://doi.org/10.30488/ccr.2020.235986.1004 AY-1Y (V) )« /s sef <ol s
iz D] Kt stew (sl feloe il oslizad U Ol 87,5 (ola JaSCist 5 doe? (OYVV) 5 0l b (M oy
SR &l [LSJ:SQ ol
https://ensani.ir/fa/article/233348 .\ o -\Y\ ((\Y) V(o ls/ i léir O )


https://cccd.znu.ac.ir/article_714762.html
https://cccd.znu.ac.ir/article_714756.html
https://ensani.ir/fa/article/147595
https://mag.iga.ir/article_245211.html?lang=fa
https://jgs.khu.ac.ir/article-1-545-fa.html
https://doi.org/10.22034/grd.2023.20370.1588
https://doi.org/10.22108/gep.2018.97982.0
https://ges.razi.ac.ir/article_200.html
https://doi.org/10.22111/gdij.2014.1556
https://doi.org/10.30488/ccr.2020.235986.1004
https://ensani.ir/fa/article/233348

AN O 5 Gk o g Ol g St 5 28y o8 sk dndy 5 osl Cunise

53l Jlu sy JLaslos sdes o SILOTAY) ime s 5 olB (S350 g0l b (B 355
W=0V ((YO) I bl iz psle (63,18 Clicions Ol ) 0 j o gir
https://jgs.khu.ac.ir/article-1-652-fa.html
22 o b Cosb ) Ll lay 8 55 L(VEY) 5 sams (55 st 5 Olasy (5 5mamms ol ¢ 2551
VY=80 (VIO oo (i saal 5 asliy 5 L6 0 ) 815 sl Jlo 5 5 s JLSias
https://doi.org/10.22108/gep.2023.136560.1571
—olal s YY) e dame (Slgiol a5 oK b (58 el (Lo e vl (Olige OLLS
oo St e Sl Sl iy Jled BT Ol g 5 Wl e QB e G Bl (Sesles
https://doi.org/10.22059/jesphys.2014.50639 .V oY-\Y4 (V)£ (L6
Sl Ty 55,5 Bliss LS OYAQ) el 3 (GWH o s 5 ¢y cSihamn ool (S 323 cich « 2
YENV ()Y (el (sl s (sla g ile, g 5 O o) (53, 5 JL{WL)& ove 515
https://jphgr.ut.ac.ir/article_22200.html
00 5,5 Bl e Ja5,S la Sl 5 cdlad 551 OOFAA) J3T ey 5 el ((Silsie conb ¢ i
NNV DI s paf G s 0l 3oL L LT Lol 5wl sl g, ISl Ka
https://doi.org/10.22059/jesphys.2009.79975
s 5 8158 sl ol dor g sladict o (sl s Sl e (VE0Y) Olag (93 500 5 ol (g5
VY-V 64 (o) 1Ee Y cd«dwﬁb‘/dlﬁb&éjjj e s pwayes s al mae b L Lol sl o 8
https://clima.irimo.ir/article_178897.html
Sl | Ol s Jlw slaey b (V80 Y) 30l IS 5 ¢ s (S il gllile ¢ a5 e oy L
AV Ol s 5 Koz lidaioni 533 o)y 51 homias pslaa 5l oslinal b 0658 Oliw g (935,01 5

https://ijfpr.areeo.ac.ir/article_129970_en.html?lang=fa .YY¢{-Y.Y
1635 Andllas) gl Ol e il Dl blis (St s Jos L(VFAY) (e Ol o 5 ciny o o (~No

A=W (DT oo Ol blis 5 Lél s (Ll Yo S 5L
https://doi.org/10.22067/ge0.v2i1.18679
Gla il Laol 5 0l w0 glalmde ladist > 5555 Slol 2 (V80 0) L 5T catumst 5 ¢y 0 Slaus
VAV (W) e el oo o blis . S b
https://doi.org/10.22111/jneh.2020.33171.1632
o Ldlaz Ol 5o0eS sladle s 7 Il s 00e 515 53,8 G S oy (VYA e g ¢ olas
https://ensani.ir/falarticle/23971 .oA-£Y (V)T oo (55 saol

Q‘J,.@S ‘)}:5 wu‘)ﬁ QLA‘)LW ‘("ﬁl';‘ﬂ’; 6‘4.2&“ J“"‘JL‘S wﬂj.} .@Jj.éﬁ[dj.} U‘_//:’/
https://civilica.com/doc/11741
A44.-147) ;))J DL Ml.:ﬁ)jl?- DL Jlg_wl.:j:gﬁ O Chw le.ajf.ﬂ &.‘ww PP (g_)\r\//\) g_jj.l.@.r ‘L}.JBL:.L&

https://www.sid.ir/paper/447944/fa YA-V (L£-£0)) /oo


https://jgs.khu.ac.ir/article-1-652-fa.html
https://jgs.khu.ac.ir/article-1-652-fa.html
https://doi.org/10.22108/gep.2023.136560.1571
https://doi.org/10.22059/jesphys.2014.50639
https://jphgr.ut.ac.ir/article_22200.html
https://doi.org/10.22059/jesphys.2009.79975
https://clima.irimo.ir/article_178897.html
https://ijfpr.areeo.ac.ir/article_129970_en.html?lang=fa
https://doi.org/10.22067/geo.v2i1.18679
https://doi.org/10.22111/jneh.2020.33171.1632
https://ensani.ir/fa/article/23971
https://civilica.com/doc/11741
https://www.sid.ir/paper/447944/fa

VET Sl O o,les A0 by F0 Jlo (s 530,00 5 5 Wi AY

Sl o KEls ol Las! Ol s sl (VYVE) Jsle ¢ Slamle
0r oy by o sLis sla Sl 5wl saeS xS sl OIS pleld (OYAN) Loy Oliss 5 Jskge « Slonde
.YV‘\—YOO c(Y) ] e 46/4:\;-5 &;—twjfj [:.9//,&9— JLM' wa-.' ZJ}J DL d‘ﬁ‘ 3?- d&mbjﬁ,&h
https://doi.org/10.22067/geography.v0i0.23259
https://doi.org/10.22108/gep.2017.97959.0 .va-4Y «(Y) ™

:\_AL!QL—_’_L’] J/J._“//L,.t[_:a A._J/._F'j.ﬁ U';/L’ //M—}éj—;&:‘&r/" (J/’u@jwké‘o‘jbﬂ(\\w/\a> MW Ldé‘bdkﬁ
Ol o &ils [l ) w8 slis jize

LS o ISl a0 51,5 53 8 (gla 831 (g5l8Ts (078 sy cOlasl 5 el (3258 g conl e
X6V ()T las Lilel 5 opalip Ol pl 53 S15 6 5 815 gla 3L slas
https://hsmsp.modares.ac.ir/article-21-7724-fa.html
Lo Lo St ls (VWAL g cp ST IS0 il 5 dgr 25 (SO0 S Gl Ol go o ool
£0 VYA and sl S5 OLal 5> JSist 5 s slaesss 1 e
https://journals.iau.ir/article_521374.html
S5k laessn sl s el e ale e plaal Siden 315 (V60 Y) ey e Do 5 g (553
YNA-YOY (8)0 o lest Loolsy 5 L] o] sladl 53 OF o ks
https://doi.org/10.22034/gahr.2023.382838.1800
dodea—gleslgabn s OV E0)) e (Shasme rb 5 Ola ) (655 chammndins (o (Ll ((SEIS
XV VAG AN IT (g tali s Lilim Ol 2 53 i 2515 sla 5l
https://doi.org/10.22034/gp.2021.48741.2914
35 S (O hactd (535058 5 S| s ppimmnt S5 IS (e LTel o S
VYY) PP ol s Ll 01l 550 L Ol BT s Sl 515 3 Ol o slal> o gLl
https://journals.tabrizu.ac.ir/article_9961.html .ye¢o
Crsby O is B (CNTAA) s S50 5 5l 3 OIS Slige (5 pha «iaas olides| oy S
010-080 (£)0) ¢ anb (sl ix (sla ins i Ol pl Jlu 5 5 JLSEs sl s asly Jlal
https://doi.org/10.22059/jphgr.2019.244445.1007134
2 JeeSis 5 Jlo 5 S Dis Sl i L) 5 St 00 T) g Sk 5 tlanas (o S
N YA (VT (ol Lo ol blrs O]
https://doi.org/10.22111/jneh.2022.42519.1905
5 adlan (IFAY) Lo a8 K 5 el (S (s ¢ LIS cpm Siaies b LS lams (O3S
YA s sl ilol Ol Ol gl JSist sl 5 S5e (gbden  Sslos sla S plules
https://gps.gu.ac.ir/article_70616.html YY-\4


https://doi.org/10.22067/geography.v0i0.23259
https://doi.org/10.22108/gep.2017.97959.0
https://hsmsp.modares.ac.ir/article-21-7724-fa.html
https://journals.iau.ir/article_521374.html
https://doi.org/10.22034/gahr.2023.382838.1800
https://doi.org/10.22034/gp.2021.48741.2914
https://journals.tabrizu.ac.ir/article_9961.html
https://doi.org/10.22059/jphgr.2019.244445.1007134
https://doi.org/10.22111/jneh.2022.42519.1905
https://gps.gu.ac.ir/article_70616.html

VAY O Kan 5 Gk o g Ol g St 5 28y o8 sk dndy 5 osl Cunise

5 Qe LUy (o) 2 (WWA0) e s 5 i cGhazme (b il oy o S OLLS

NOVIWVO (YY) T lds o ldl i iulel Sy (St g S, SN L 01 ) 8 gla Il 5
https://gps.gu.ac.ir/article_44777.html
JU_>'-)J.3 rfl;- LSi}’.' MKA L;iL“LW“" (VEY) Ao ‘LS.)U‘ili .,Uxe-b-) (e (Shese u;-b— caadols cdjbjf

AVTY (VOF lsasa] Ski sla piag i O\l G ik Lds glacglal
https://doi.org/10.30488/ccr.2022.341170.1079

Sloobmomor Sl 28 e Jdowt (OTA) LS csdame 5 e (53151 ST e (O e (5,502
et b Slatas g Ol o s s s Ld g JLSKis s oyl sy, 5 Ol o
https://esrj.sbu.ac.ir/article_96278.html?lang=fa .\ £ \-\Y «(Y)A

ot JLaSis sl nde gladble HLOTAY) 5 oI350l 5 o« Kan b (6 5S sar (Lo e 3l 5itamme
https://doi.org/10.22059/jesphys.2013.35601 NV +—-AV (Y)F9 ¢ o s Las < 55 .01

g Ol s sk, sl ol Ses o Shs (ANE)) Gige (ol 5 mies 3 0b b Olasy (93 gamse

AVNEY OV V£ 0 ] onlidioe il (sla a5 Ol ) 5815 Gla Sl 5 L JLSos
https://clima.irimo.ir/article_172925.html
B Gl dar LSLALSJL""AL’ 6\.&}@‘ Q;.s_LwL.J (u\i'\) oJJ.L..a 4‘_;1‘.1.«4»5 63; 9 ‘623 cw}Uﬁ Cdl&:-.’. (52 gawn

Yoo) )08 and bl ras s Ol S15 sla Sl s b JLSas o
https://jphgr.ut.ac.ir/article_85752.html

It 5 pale o s puole Jid 53 555 bos o Jolo Gba oL Ghiden Ll (VYAY) Lo e (65l 5
http://document.unaux.com/45641/amp VY- «(Y)\ ¢ L0

AT (EYEY) Ol eiS sl ik s 0 O Sl s sl O0YAY) dase (il 5 Lol (5300
https://www.sid.ir/paper/431348/fa .\«

o ity Il bl ole g 3 aadlas (VWAA) Ko b (655 ke 5 L e camdlims il (i 30k
S 125 JRAB5 5 NCEP/NCAR o3l (slmesls 3l esliad U w6l e 5 Jlad bl 0655 (sla e
https://doi.org/10.22059/jesphys.2019.267521.1007050 .££+—£YY «(Y)£0 (Lzs 4 o

Wl 5 o5mbs b JLSixt 4 e St s b SN Ldlas L(0F40) Jgmr b0 5 cdazms  (SOL (5 pm g0
https://jwsc.gau.ac.ir/article_183.html NAL-NY (8) 14 (ST ;')/’t..:‘.ﬁ&}- sla ins i

Ol eds OVEY) e deee o3l ol 5 cdamee A pls da el g5l (ke ( Slomde < 5 sl e
i S Ol K B sl il sty 5 &l ude sl Camdse p Sle slas o G sl s S
https://doi.org/10.22059/jesphys.2024.367094.1007571 .o¥\-08+ (Y)0« (L35 4

S 3 S sl il hnden 5 (el S o (0740) 6 a5 ol je 5 (Bl cshex

AY eV o0 (VVEF bl sla iag s (OYAYIANE 350 1ga, 50 anllas) Ol o 5 55 e
https://jphgr.ut.ac.ir/article_23073.html


https://gps.gu.ac.ir/article_44777.html
https://doi.org/10.30488/ccr.2022.341170.1079
https://esrj.sbu.ac.ir/article_96278.html?lang=fa
https://doi.org/10.22059/jesphys.2013.35601
https://clima.irimo.ir/article_172925.html
https://jphgr.ut.ac.ir/article_85752.html
http://document.unaux.com/45641/amp
https://www.sid.ir/paper/431348/fa
https://doi.org/10.22059/jesphys.2019.267521.1007050
https://jwsc.gau.ac.ir/article_183.html
https://doi.org/10.22059/jesphys.2024.367094.1007571
https://jphgr.ut.ac.ir/article_23073.html

VET Sl O o,les A0 by F0 Jlo (s 530,00 5 5 Wi AL

&‘HJUT :t_:.>-b J:;U eI (W‘\'\) \J.A) odew (Gl c‘_},.a.db;‘ ch..LGLM = ‘LSJL‘Q'." €3 gRamn ‘J‘i’dﬁ
ol St il g LSt gla o li b bl pa sla L 5l s3lad  Soen Olse
https://www.iwrr.ir/article_42702.html \a¢-\av (¥) 1.0/ /

References

Ahmadi Givi, F., & Nasrasafhani, Ma. (2012). A study of the mediterranean gyres in a one-year period
and its effect on the climate of the Middle East (2003). Journal of the Earth and Space Physics,
9(2), 66-78. https://jesphys.ut.ac.ir/article_10842.html?lang=fa [In Persian].

Alidadi, M. (2010). Polar vortex and its role in determining the type and amount of precipitation in the
middle west of Iran [Unpublished Doctoral dissertation], University of Tehran. [In Persian].

Alijani, B. (1995). Climate of Iran. Payame Noor university publications. [In Persian].

Alijani, B. (1999a). Spatial and temporal fluctuations of the surface height of 500 hPa in the
mediterranean and its effect on Iran's climate in February. The Second Regional Climate Change
Conference, Iran Meteorological Organization, Tehran. https://civilica.com/doc/11741 [In Persian].

Alijani, B. (1999b). A synoptic survey of 500 hectopascal surface patterns in the Middle East during
1961-1990. Newar, 1(44-45), 7-29. https://www.sid.ir/paper/447944/fa [In Persian].

Alijani, B. (2002). Variations of 500 hPa flow patterns over Iranand surrounding areas and their
relationship with the climate of Iran. Theoretical and Applied Climatology, 72, 41-54.
https://doi.org/10.1007/s007040200011

Alijani, B., & Doostan, R. (2013). Identifying the controlling centers of the climate of Iran and their pressure
patterns in the 500 hPa level during cold period of the year. Journal of Geography and Regional
Development, 10(2), 255-279. https://doi.org/10.22067/geography.v0i0.23259 [In Persian].

Alijani, B., & Nezamati, H. (2017). Spatial and temporal analysis of the mediterranean trough.
Geography and Environmental Planning, 28(2), 79-92. https://doi.org/10.22108/gep.2017.97959.0
[In Persian].

Alizadeh, T., Azizi, Q., & Rosta, I. (2011). Analyzing circulation patterns at the 500 haP level of the
atmosphere during widespread and non-pervasive rainfall events in Iran. Space Planning and
Preparation, 16(4), 1-24. https://hsmsp.modares.ac.ir/article-21-7724-fa.html [In Persian].

Alpert, P., Ben-Gai, T., Baharad, A., Benjamini, Y., Yekutieli, D., Colacino, M., Diodato, L., Ramis,
C., Homar, V., Romero, R., & Michaelides, S. (2002). The paradoxical increase of mediterranean
extreme daily rainfall in spite of decrease in total values. Geophysical Research Letters, 29(11), 1-4.
https://doi.org/10.1029/2001GL013554

Asadi, A., Ahmadi-Givi, F., Ghader, S., & Mohebalhojeh, A. (2016). Dynamic analysis of the
mediterranean storm track using Rossby wave activity and fluxes. Iranian Journal of Geophysics,
5(4), 31-45. https://www.ijgeophysics.ir/article_40731.html?lang=fa [In Persian].

Asakereh, H., & Khojasteh, A. (2021). Frequency of entrance mediterranean cyclones to Iran and their
impact on widespread precipitation. Journal of Natural Environmental Hazards, 10(27), 159-176.
https://doi.org/10.22111/jneh.2020.33171.1632 [In Persian].

Atai, H. (2008). Investigating the circulation patterns of the 500 hectopascal level of the atmosphere in
the years of low rainfall in Iran. Geography And Environmental Planning. 20(1), 43-58.
https://ensani.ir/fa/article/23971 [In Persian].

Azari, M., Oliaye, A., & Nearing, M. A. (2021). Expected climate change impacts on rainfall erosivity
over Iran based on CMIP5 climate models. Journal of Hydrology, 593, 1-11.
https://doi.org/10.1016/j.jhydrol.2020.125826

Bengtsson, L., Hodges, K.l., & Roeckner, E. (2006). Storm tracks and climate change. Journal of
Climate, 19(15), 3518-3543. https://doi.org/10.1175/JCLI3815.1

Boroghani, M., Moradi, H., & Zangane Asadi, M. (2015). Zoning and determination of the best index in
khorasan razavi. Journal of Arid Regions Geographic Studies, 6(19), 70-84.
https://jargs.hsu.ac.ir/article_161383.html [In Persian].


https://www.iwrr.ir/article_42702.html
https://jesphys.ut.ac.ir/article_10842.html?lang=fa
https://civilica.com/doc/11741
https://www.sid.ir/paper/447944/fa
https://doi.org/10.1007/s007040200011
https://doi.org/10.1007/s007040200011
https://doi.org/10.22067/geography.v0i0.23259
https://doi.org/10.22108/gep.2017.97959.0
https://hsmsp.modares.ac.ir/article-21-7724-fa.html
https://doi.org/10.1029/2001GL013554
https://www.ijgeophysics.ir/article_40731.html?lang=fa
https://doi.org/10.22111/jneh.2020.33171.1632
https://ensani.ir/fa/article/23971
https://doi.org/10.1016/j.jhydrol.2020.125826
https://doi.org/10.1175/JCLI3815.1
https://jargs.hsu.ac.ir/article_161383.html

\AO OUK.Q.AJ‘_gJ.X:.’&..:_,.» blﬁ\éh‘)w}E“ﬁd;bgh:lfmﬂ}ajuwsy;|

Campins, J., Jansa, A., & Genovés, A. (2006). Three-dimensional structure of western mediterranean
cyclones. International Journal of Climatology, 26(3), 323-343. https://doi.org/10.1002/joc.1275
de Vries, AJ., Tyrlis, E., Edry, D., Krichak, S.O., Steil, B., & Lelieveld, J. (2013). Extreme
precipitation events in the Middle East: Dynamics of the Active red sea trough. Journal of

Geophysical Research: Atmospheres, 118(13), 7087-7108. https://doi.org/10.1002/jgrd.50569

Deldarzehi, Z., Mahmoudi, P., & Khosravi, M. (2024). Arabian sea’s moisture transfer mechanisms in
pervasive dry and wet periods of Iran. Geography and Environmental Planning, 35(1), 45-72.
https://doi.org/10.22108/gep.2023.136560.1571 [In Persian].

Enfield, D.B., Mestas-Nufiez, A.M., & Trimble, P.J. (2001). The atlantic multidecadal oscillation and
its relation to rainfall and river flows in the continental US. Geophysical Research Letters, 28(10),
2077-2080. https://doi.org/10.1029/2000GL012745

Fatemi, M., Omidhar, K., Narangi Fard, M., & Hatami Biglou Khodakarm, B. (2014). Recognizing the
synoptic patterns affecting drought and drought periods in central Iran. Natural Geography, 8(29),
19-40. https://journals.iau.ir/article_521374.html [In Persian].

Flocas, H.A., Simmonds, ., Kouroutzoglou, J., Keay, K., Hatzaki, M., Bricolas, V., & Asimakopoulos,
D. (2010). On cyclonic tracks over the eastern mediterranean. Journal Of Climate, 23(19), 5243-
5257. https://doi.org/10.1175/2010JCL13426.1

Foroutan, M., & Salahi, B. (2023). Synopsis analysis of cold waves in Ardabil city and estimation of
return periods and its changes in the coming years. Geography And Human Relationships, 5(4),
352-369. https://doi.org/10.22034/gahr.2023.382838.1800 [In Persian].

Galton, F. (1886). Regression towards mediocrity in hereditary stature. The Journal of the
Anthropological Institute of Great Britain and Ireland, 15, 246-263.
https://doi.org/10.2307/2841583

Gohari, F., Haji Mohammadi, H., & Hajivandpaydari, S. (2022). Identification of atmospheric
mechanism governing the occurrence of severe rainfall anomalies in eastern Iran. Climate Change
Research, 3(10), 33-46. https://doi.org/10.30488/ccr.2022.341170.1079 [In Persian].

Harman, H.H. (1976). Modern factor analysis. University of Chicago press.

Hasanean, H., & Almazroui, M. (2015). Rainfall: Features and variations over Saudi Arabia a review.
Climate, 3(3), 578-626. https://doi.org/10.3390/cli3030578

Heidari, M. A., & Khoshakhlagh, F. (2019). Examining the effect of climate change on Sudan-Red Sea
low-pressure region and its relation with precipitation in the southwest of Iran. Geography And
Environmental Planning, 29(2), 91-112. https://doi.org/10.22108/gep.2018.97982.0 [In Persian].

Heidari, S., Karimi, M., Azizi, G., & Shamsipour, A. (2023). Quantification the first challenge of
drought risk assessment and management. The Journal of Geographical Research on Desert Areas,
11(1), 192-206. https://doi.org/10.22034/grd.2023.20370.1588 [In Persian].

Hejazizadeh, Z. (1998). Synoptic investigation of normal high pressure. Development of Geography
Education, (45), 20-25. https://ensani.ir/fa/article/147595 [In Persian].

Hejazizadeh, Z., Darand, M., alijani, B., naserzadeh, M. H., & mirzaei, N. (2024). Investigation
variation in atmospheric circulation affecting the time delay of comprehensive and effective autumn
precipitation. Climate Change and Climate Disaster, 3(5), 27-64.
https://cccd.znu.ac.ir/article_714756.html [In Persian].

Hejazizadeh, Z., Jafarpour, Z., & Parveen, N. (2006). Investigation and identification of synoptic
patterns of level 500 hectopascals generating destructive and widespread floods in the catchment
area of Lake Urmia. Applied Research of Geographical Sciences (Geographical Sciences), 7(10),
155-125. https://jgs.khu.ac.ir/article-1-545-fa.html [In Persian].

Hejazizadeh, Z., Pajooh, F., & Shakiba, H. (2021). Analyzing the accuracy of drought indicators and
determining the best climatic indicators in southeastern Iran. Geography, 19(68), 5-21.
https://mag.iga.ir/article_245211.html?lang=fa [In Persian].

Holton, J.R. (2004). An introduction to dynamic meteorology. Elsevier academic press.

Huang, W., Chen, F., Feng, S., Chen, J., & Zhang, X. (2013). Interannual precipitation variations in the
mid-latitude Asia and their association with large-scale atmospheric circulation. Chin. Sci. Bull, 58,
3962-3968. https://doi.org/10.1007/s11434-013-5970-4


https://doi.org/10.1002/joc.1275
https://doi.org/10.1002/jgrd.50569
https://doi.org/10.22108/gep.2023.136560.1571
https://doi.org/10.1029/2000GL012745
https://journals.iau.ir/article_521374.html
https://doi.org/10.1175/2010JCLI3426.1
https://doi.org/10.22034/gahr.2023.382838.1800
https://doi.org/10.2307/2841583
https://doi.org/10.30488/ccr.2022.341170.1079
https://doi.org/10.3390/cli3030578
https://doi.org/10.22108/gep.2018.97982.0
https://doi.org/10.22034/grd.2023.20370.1588
https://ensani.ir/fa/article/147595
https://cccd.znu.ac.ir/article_714756.html
https://jgs.khu.ac.ir/article-1-545-fa.html
https://mag.iga.ir/article_245211.html?lang=fa
https://doi.org/10.1007/s11434-013-5970-4

VET Sl O o,les A0 by F0 Jlo (s 530,00 5 5 Wi A

Jafarbeglou, M., Khoshakhlagh, F., & Ouji, R. (2010). Seasonal location and frequency of cyclonic
trackes in wet periods of midwest of Iran. Physical Geography Research, 41(68), 71-84.
https://jphgr.ut.ac.ir/article_21497.html [In Persian].

Jalilian, A., & Zolfaghari, H. (2024). The use of IDV software in synoptic-dynamic analysis of moisture
flux of heavy Rainfalls (Case study: Heavy rainfalls from 25 to 30 february 2015 in Iran). Climate
Change and Climate Disaster, 3(5), 229-254. https://cccd.znu.ac.ir/article_714762.html [In
Persian].

Karimi Ahmadabad, M., Jafari, M., Khoshakhlagh, F., & Bazgir, S. (2019a). The role of transmitted
moisture changes in occurrence of drought and wet years in Iran. Physical Geography Research,
51(4), 545-562. https://doi.org/10.22059/jphgr.2019.244445.1007134 [In Persian].

Karimi, M., & Heidari, S. (2023). Variability and trend of changes in the severity-area of drought and
wet in  Iran. Journal Of Natural Environmental Hazards, 12(36), 129-150.
https://doi.org/10.22111/jneh.2022.42519.1905 [In Persian].

Karimi, M., Jafari, M., Bazgeer, S., Khoshakhlagh, F., & Moghbel, M. (2022). Comparison of annual
moisture flux variability during dry and wet years over Iran. Water Resources, 49(6), 959-972.
https://doi.org/10.1134/S0097807822060057

Karimi, M., Khoshakhlagh, F., Shamsi Por, A. A., & Noruzi, F. (2019b). Arabian subtropical high
pressure circulation patterns in the middle troposphere and its relationship with Iran's precipitation.
Journal of Geography and Planning, 33(69), 233-255.
https://journals.tabrizu.ac.ir/article_9961.html [In Persian].

Kashki, A., Hosseini, S. M., Zandi, R., & Hajimohammadi, H. (2022). Survey of snow coverage
satellites in  western Iran. Geography  and Planning, 26(82), 819-210.
https://doi.org/10.22034/gp.2021.48741.2914 [In Persian].

Khoshakhlagh, F. (1998). Research in widespread droughts in Iran using synoptic analysis
[Unpublished Doctoral dissertation]. University of Tabriz. [In Persian]

Khoshakhlagh, F., Karimi Ahmad Abad, M., Jasemi, S. M., & Kaki, S. (2020). Statistical - Synoptic
analysis on the climatic variability of the rainfall regime in the mid-west of Iran with emphasis on
the occurrence of severe droughts. Climate Change Research, 1(1), 63-82.
https://doi.org/10.30488/ccr.2020.235986.1004 [In Persian].

Khoshakhlag, F., Azizi, Q., Rahimi, M. (2011). Coexistence patterns of drought and winter drought in
southwest  Iran.  Applied Research in  Geographical Sciences, 12(25), 57-77.
https://jgs.khu.ac.ir/article-1-652-fa.html [In Persian].

Khoshakhlag, F., Ghaemi, H. & Zahadayi, M. (1997). Investigating the monthly patterns of drought and
drought in lran. Geographical Research, 2(12), 154-136. https://ensani.ir/fa/article/233348 [In
Persiany].

Khosravi, M., Movahedi, S., Hashemiana, S. K., & Heydari, B. (2014). A Synoptic Analysis of
Cyclonic Activities at Different Levels of Iran Atmosphere Case study: Year 1990. Geography and
Development, 12(35), 83-96. https://doi.org/10.22111/gdij.2014.1556 [In Persian].

Khosravi, M., Movaqgari, A., & Mansouri Daneshvar, M. R. (2013). Evaluating the PNI, RAI, SIP and
SPI indices in mapping drought intensity of Iran: Comparing the interpolation method and digital
elevation model (DEM). Geography and Environmental Sustainability, 2(5), 53-70.
https://ges.razi.ac.ir/article_200.html [In Persian].

Kianian, M. K., Haji Mohamdi, H., Kaboli, S. H., Meshki, A. R., & Asgari, H. R. (2018). Studying and
identifying of dynamic synoptic patterns affecting droughts occurrence in semnan province.
Geographical Planning of Space, 8(28), 19-32. https://gps.gu.ac.ir/article_70616.html [In Persian].

Kianian, M.K., Saleh Pourjam, A., Haji Mohammadi, H., & Rasouli, F. (2017). Review and relationship
between western Iranian wet years and drought and atmospheric synoptic patterns. Geographical
Planning of Space, 6(22), 175-192. https://gps.gu.ac.ir/article_44777.html [In Persian].

Kiany, M. S. K., Balling Jr, R. C., Cerveny, R. S., & Krahenbuhl, D. S. (2018). Diurnal variations in
seasonal precipitation in Iran from TRMM measurements. Advances In Space Research, 62(9),
2418-2430. https://doi.org/10.1016/j.asr.2018.07.003


https://jphgr.ut.ac.ir/article_21497.html
https://cccd.znu.ac.ir/article_714762.html
https://doi.org/10.22059/jphgr.2019.244445.1007134
https://doi.org/10.22111/jneh.2022.42519.1905
https://doi.org/10.1134/S0097807822060057
https://journals.tabrizu.ac.ir/article_9961.html
https://doi.org/10.22034/gp.2021.48741.2914
https://doi.org/10.30488/ccr.2020.235986.1004
https://jgs.khu.ac.ir/article-1-652-fa.html
https://ensani.ir/fa/article/233348
https://doi.org/10.22111/gdij.2014.1556
https://ges.razi.ac.ir/article_200.html
https://gps.gu.ac.ir/article_70616.html
https://gps.gu.ac.ir/article_44777.html
https://doi.org/10.1016/j.asr.2018.07.003

VAV O 5 Gk o g O pl sl Sz i 7S 5 o lasl inly 5 osb Condge JI

Kutiel, H., Maheras, P., & Guika, S. (1998). Singularity of atmospheric pressure in the eastern
mediterranean and its relevance to interannual variations of dry and wet spells. International
Journal of Climatology: A Journal Of The Royal Meteorological Society, 18(3), 317-327.
https://doi.org/10.1002/(SICI)1097-0088(19980315)18:3%3C317::AID-JOC246%3E3.0.CO;2-Z

Lashkari, H., Mutkan, AA., Azadi, M., & Mohammadi, Z. (2017). Synoptic analysis of the role of Saudi
Arabia subtropical high pressure subtropical and polar jet streams and severe droughts in south and
south west  of Iran. Researches in Earth Sciences, 8(2), 141-163.
https://esrj.sbu.ac.ir/article_96278.html?lang=fa [In Persian].

Lilach, G., & Yonaton, G. (2023). Middle eastern cloud distillation throughout the holocene-quantified
using oxygen isotopes from speleothems and deep-sea cores. Quaternary Science Reviews, 307,1-
11. https://doi.org/10.1016/j.quascirev.2023.108053

Lockwood, J.G. (1988). Climate and climatic variability in semi-arid regions at low latitudes. In: Parry,
M.L., Carter, T.R., Konijn, N.T. (eds) The impact of climatic variations on agriculture. Springer,
Dordrecht. https://doi.org/10.1007/978-94-009-2965-4 3

Mahmoudi, P., Hamidianpour, M., & Sanaei, M. (2023a). Characteristics of moisture flux convergence
in pervasive wet and dry periods in Iran. Journal of Climate Research, 13(52), 143-168.
https://clima.irimo.ir/article_172925.html [In Persian].

Mahmoudi, P., Tavousi, T., & Kordi Tamandani, S. (2022). Identifying patterns of synoptic anomalies
resulting in pervasive droughts and wet periods in Iran. Physical Geography Research, 54(1), 1-20.
https://jphgr.ut.ac.ir/article_85752.html [In Persian].

Mirzaei, N., Alijani, B., Hejazizadeh, Z., Darand, M., & Nasserzadeh, M. H. (2024). The effect of mid-
latitude atmospheric circulation changes on the position of the Mediterranean trough and the
occurrence of super heavy precipitation in Iran. Journal of the Earth and Space Physics, 50(2), 521-
540. https://doi.org/10.22059/jesphys.2024.367094.1007571 [In Persian].

Mohammadnejad, A., Ahmadi-Givi, F., & Irannejad, P. (2013). Effect of mediterranean systems on
drought in west of Iran. Journal of the Earth and Space Physics, 39(3), 97-110.
https://doi.org/10.22059/jesphys.2013.35601 [In Persian].

Mollasharifi, A., Mohebalhojeh, A. R., & Ahmadi-Givi, F. (2019). A study of the impacts of the NAO
on the relation between the North Atlantic and Mediterranean storm tracks using the NCEP/NCAR
and JRA-55 reanalysis data. Journal of the Earth and Space Physics, 45(2), 423-440.
https://doi.org/10.22059/jesphys.2019.267521.1007050 [In Persian].

Moradi, H. (2002). Synoptic analysis of the precipitation of the southern coast of the Caspian Sea in six
cold months of the year. Marine Science and Technology, 1(2), 61-72.
http://document.unaux.com/45641/amp [In Persian].

Moradi, H., & Khairandish, M. (2001). Effect of polar vortex on the country's rainfall. Newar, (42-43),
83-100. https://www.sid.ir/paper/431348/fa [In Persian].

Mousavi Baighi, M., & Ashraf, B. (2012). The study of synoptic patterns that caused autumn and winter
droughts in Khorasan Razavi province. Journal of Water and Soil Conservation, 18(4), 167-184.
https://jwsc.gau.ac.ir/article_183.html [In Persian].

Nicolaides, K., Michaelides, S. & Karacostas, T. (2004). Spatial distribution of some dynamic
parameters during the evolution of selected depressions over the area of Cyprus. International
Journal of Climatology, 24(14), 1829-1844. https://doi.org/10.1002/joc.1105

Palmen, J. P., & Newton, C. W. (1969). Atmosphere circulations systems. Academic Press.

Parvin, N. (2011). Synoptic patterns of the most severe drought over uremia lake basin. Geographical
Research, 26(1), 89-108. https://jgr.ui.ac.ir/article_17885.html [In Persian].

Parvin, N. (2016). Investigating the centre of mid-atmospheric changes affecting dry days in the Zab
Koch watershed using PCA. Applied Research in Geographical Sciences, 17(46), 23-43.
https://jgs.khu.ac.ir/article-1-2834-fa.html [In Persian].

Pourasghar, F., Ghaemi, H., Jahanbakhsh, S., & Sarisarraf, B. (2017). Variability of precipitation in
southern part of iran and linkage to indian ocean sea surface temperature. Geography And
Environmental Planning, 28(2), 145-166. https://doi.org/10.22108/gep.2017.98103.0 [In Persian].


https://doi.org/10.1002/(SICI)1097-0088(19980315)18:3%3C317::AID-JOC246%3E3.0.CO;2-Z
https://esrj.sbu.ac.ir/article_96278.html?lang=fa
https://doi.org/10.1016/j.quascirev.2023.108053
https://doi.org/10.1007/978-94-009-2965-4_3
https://clima.irimo.ir/article_172925.html
https://jphgr.ut.ac.ir/article_85752.html
https://doi.org/10.22059/jesphys.2024.367094.1007571
https://doi.org/10.22059/jesphys.2013.35601
https://doi.org/10.22059/jesphys.2019.267521.1007050
http://document.unaux.com/45641/amp
https://www.sid.ir/paper/431348/fa
https://jwsc.gau.ac.ir/article_183.html
https://jwsc.gau.ac.ir/article_183.html
https://doi.org/10.1002/joc.1105
https://jgr.ui.ac.ir/article_17885.html
https://jgs.khu.ac.ir/article-1-2834-fa.html
https://doi.org/10.22108/gep.2017.98103.0

VET Sl O o,les A0 by F0 Jlo (s 530,00 5 5 Wi VM

Raisi, V., & Mahmoudi, P. (2023). Investigating three-dimensional structure of cyclones causing
pervasive precipitation in western and northwestern Iran with origin in the mediterranean sea in the
cold spells of the year. Journal of Climate Research, 14(54), 149-173.
https://clima.irimo.ir/article_178897.html [In Persian]

Raziei, T., Azizi, G., Mohammadi, H., & Khoshakhlagh, F. (2011). 500 Hpa Wintertime daily
circulation types over Iran and the middle east. Physical Geography Research, 42(4), 17-34.
https://jphgr.ut.ac.ir/article_22200.html [In Persian].

Raziei, T., Bordi, I., Pereira, L.S., Corte-Real, J., & Santos, J.A. (2012). Relationship between daily
atmospheric circulation types and winter dry/wet spells in western Iran. International Journal of
Climatology, 32(7), 1056-1068. https://doi.org/10.1002/joc.2330

Raziei, T., Mofidi, A., & Zarin, A. (2009). The 500 hpa atmospheric centers of action and circulation
patterns over the middle east and their relationship with precipitation in Iran. Journal of the Earth
and Space Physics, 35(1), 121-141. https://doi.org/10.22059/jesphys.2009.79975 [In Persian].

Rezaeian, M., Mohebalhojeh, A., Ahmadi-Givi, F., & Nasr-Esfahany, M. (2014). A statistical-
dynamical analysis of the relation between the Mediterranean storm track and the north atlantic
oscillation based on wave activity diagnostics. Journal of the Earth and Space Physics, 40(2), 139-
152. https://doi.org/10.22059/jesphys.2014.50639 [In Persian]

Saboohi, R., Soltani, S., & Khodagholi, M. (2012). Trend analysis of temperature parameters in Iran.
Theoretical And Applied Climatology, 109, 529-547. https://doi.org/10.1007/s00704-012-0590-5
Salahi, B., & Alijahan, M. (2013). Synoptic analysis of climatic hazards in yasouj municipality: A case
study of an episode of heavy rain on 11th March 2011. Journal of Geography and Environmental

Hazards, 2(1), 73-90. https://doi.org/10.22067/ge0.v2i1.18679 [In Persian].

Sharif, M., A., Kakroodi, A., Heidari, S., & Kiani, A. (2023). Monitoring fifty-year changes in riparian
forests of gotvand county Iran using remote sensing images. Iranian Journal of Forest And Poplar
Research, 31(3), 211-231. https://ijfpr.areeo.ac.ir/article_129970_en.html?lang=fa [In Persian].

Toggweiler,  J.R. (2009). Shifting  westerlies. Science, 323(5920), 1434-1435.
https://doi.org/10.1126/science.1169823

Trewartha, G.T., & Horn, L.H. (1980). An introduction to climate. McGraw-Hill.

Van Rooy, M.P. (1965). A rainfall anomaly index (RAI), Independent of the Time and Space. Notos,
14, 43-48.

Yarahmadi, D., & Mryanji, Z. (2011). The analysis of dynamic and synoptic patterns of heavy rainfall
in the south west of caspian sea and west of Iran (Case study: Rainfall on 04/11/ 2004). Physical
Geography Research, 43(76), 105-120. https://jphgr.ut.ac.ir/article_23073.html [In Persian].

Yosefi, M., Ansari, H., Mosaedi, A., & Samadi, S. Z. (2017). The effect of climatic regions in
correlation of meteorological drought indexs with some of meteorological parameters. Iran-Water
Resources Research, 13(3), 194-197. https://www.iwrr.ir/article_42702.html [In Persian].


https://clima.irimo.ir/article_178897.html
https://jphgr.ut.ac.ir/article_22200.html
https://doi.org/10.1002/joc.2330
https://doi.org/10.22059/jesphys.2009.79975
https://doi.org/10.22059/jesphys.2014.50639
https://doi.org/10.1007/s00704-012-0590-5
https://doi.org/10.22067/geo.v2i1.18679
https://ijfpr.areeo.ac.ir/article_129970_en.html?lang=fa
https://doi.org/10.1126/science.1169823
https://jphgr.ut.ac.ir/article_23073.html
https://www.iwrr.ir/article_42702.html

