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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



Geography and Environmental Planning, Vol 35, No. 1, Ser No. (93) Spring 2024 3

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.



e ($ el 5 L e
% £0 VY Lo Y Sle ) slad QY L Yo JL

¢ .
VEAYANY s i AEXRVARVAN
R $Jesaat 3 Wbl ko als alne SRS J;—vj

h g s
d'ﬁ‘ J;‘Jﬁ 6\.@@\,&;‘,\»‘)\.&3 BLESE ‘5‘1): C'.An}b) JLEJJ‘ LS\AJ\SJJL»

Ol cOhaaly Dl gy 5 Ol ol s (530406 51 5 L i SUKs (ol ol L) el 1S i gal S5l 18, dal)
deldar.zahed@yahoo.com
Ol a1 DAY Dy sl 5 Ol oK1 ¢ ame (5525800 5 5 Ul 345305 m (5L 03,5 (il s 5 ° (63 poomn Dy
p_mahmoudi@gep.usb.ac.ir
01t O1aal) Dl sl 5 Ol o1 (532 5400 2 5 Ll jhm SASESNs (smmb (Gl i 09 8 ¢ olid Bl 2ol (g5 pui 3 g
khosravi@gep.usb.ac.ir

oA

W) o andllas GlaolKimyl 2y 5 Ao ;5 V0 35 S e Jle 5 L b e ( olas Sla T o laly ol fags
Olgeas Lo 038 355 8,5 (1986-2016) JLwo ™) Sl 550 55 5 (sl 8D dlw 5, 5555 53 ) (Wdas oS
S el 55 Ul O man (S (el (gl e 51 st cnl s S 813 e Jl 5 L s JLsles
S el Sl imtn 2l 5 e ledsb 3ledd D VL ol B 5 Gl ol GBS
0Ll 813 s Jl 55 b JLaslas g 455 0l 53 e b b Jlisl il slayS 550 5 oslin. | (ECMWE
5 U sl e s 53l 2B Los cal Casby JUB s o bt bRl e s a3 o 5 OLE S il e Tedd o )
e ol 5 e Ol s Lys cal by JUSH oS 3 gk e Cel Ll i sedsn pLELINS Sy plrals
LBl 0,8 o3 0 S o Sssd o JlL:....:T‘;'{)lJp- Cu;)‘f'f oS Sles Olnn ford 55 553 Ol ,S15 sl JLSix o
Bl ol 53 WS e 3 T Lt s blassls (55 0 Sl T JS Gl 51 (Snlas il b 58 0T 28
JUaml Ioletl sl o bl Lo andse ] 45 5,8 e 555 4 (S5 0 kg Ol o b S (S50 s L)
e Jhad 53 355l m s 4 Olnl sl 1 iS13 Sast sladbmas (K3 b 515353 a0l s 4 e sl sk,
5 O LIS o Bl S s Ll s Bl OLSL S Gl el gl 5 s gl 1S
Ol s o8 558 o Dl 2 (S0 2 s Pl (s alrailer sl e Gl (B2 Ha 550 O 2 2nS
sy el Ol sl ST sl JLses

0 g 0 0 S Ol 8 (ol LS (Senlys Ll < Jeeili 55 Ll g kS slae3ls

J)}.«.& A_L'..w.ijl*
ol g Ll Ol 815 sla Sl 5 5 s JLSias 53 e by by Wl la)S g3l (V60 Y) 5 gamme (65 m s cOlag (65 505ee cdalj ¢ o515
80 VY (VYO0 (o ok

2252-0910 © University of Isfahan ®' BY NC

This is an open access article under the CC BY-NC 4.0 License (https://creativecommons.org/licenses/by-nc/4.0).

d 10.22108/GEP.2023.136560.1571


https://portal.issn.org/resource/ISSN/2252-0910
https://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.22108/gep.2023.136560.1571
https://orcid.org/0000-0003-2138-0973

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

4o e
Trewartha & ) e o5 S s SV sb 5 LA L;ugui;s@;j,tmﬁboik}g;wg.wlef

i Ol sl sl S oA .(Horn, 1980; Alpert et al., 2002; Hasanean & Almazroui, 2015

—leol den Glantaow GRS, s 45 (LOCKWOOU, 1988) | 0T 53 &VLa 05 1 (5l i

Ziv, 2001; Knippertz, 2005; Ziv et al., 2005; De Vries et al., 2013; ) 54 5 @5) o gl o
S Gysbas hles S ax g il sl la 5oL Ldea Lo 4 (5 lns Sllas 3 Olii=s .(Martius et al., 2013

e s des Sl S L &l nde 3,5 BV glaisl a5 Wlesls 0L s Sldlas sl 53 Oliie 3l =

Dayan & Sharon, ) e | 5 es Slapie s 5 oo bolse piboad 2o 5 5)ls hns Ko an S5
ol Kae VL gla 350 a5 Wlanals HLebl 01, 5 55 .(1980; Dayan et al., 2001; Kahana et al., 2002

(Zivetal, sss JxS o Glagioms G bl poins o 5 pedions S0t Sy obieS 5 Ol 5 L
iS5 ol 5 3boss (e a5l Sboss e ale sl dike 3 Wil ool by 2014)
Eshel & Farrell ) <l 55 (AO) s slaolu s s (NAO) Jloi bl o glsl sladlv 5 O soman 55>

2000; Cullen et al., 2002; Dunkeloh & Jacobeit 2003; Raymond et al., 2018; Ghasemi & Khalili 2008;
.(Oikonomou et al., 2010; Tramblay & Hertig, 2018; Saaroni et al., 2019

L EE s Jl s hrys 0 B Y0 GUian gla b e 53 e e shS VHEAIA0 slas ey L 01

St Olnl Golea S .l 0l Sl Lol o g 0 5 Jled 880 Sl du oS 53 (3,3 I b i
Sz Oble 53 (Solowwn 53 o S15 5 3l o o oS 5 53 35 Ll o O W5 45 3505 o b by sla
L) bl G e s 2 B e b mi e ) Oimen B L S0 Ol 2 S Sl s o s
AYY L) o5 Gl s s o (le b b el STV L) Oles sl 5 (Jlo Lo Jsb ashs Ve
o4l S5 s 5l slee st (Heydarizad et al., 2018) 5,15 S 2iis 5,0 Jlod 53 (JA=le b e gls
M (55 0 sl isy s a4 by el slaes 5 3555 Ble el |5 s Ol (b o8 OS50 0 5

358,08 Cpr s ok g o ddled il a8 e lalgaes 5 L 0Ll glaasol (YY) L o OYAY
SllesSad, bedlsd o Ol a)ly dlad il 51 aS (6 s Slosl 5 s Slalgmon 5 5 p s o ST 5 o0
b o sl el sl 5o (Dl 5o e Ve 51 ) peddae la 0L sl Sl 5 8 5
LS o Solda Ol pl gl (Sl G w1y L sbus asb dalgres 5 pl L pd e e Sty el gl

O o g slalgmes 5 (WAL (2w s 5 5558 OTAY OLKes 5 S Ghax! YAV O] Lfc«ﬁ)

Sl 5 pleal il sbaslile L Gl g slalpaes 55 DBl 51 o m OFAY ( Slanle) dns o JUiS] 01y



£V O, Ken 5 5,05 dal; Opl 15 Gl 5 b JLsis 53 oo by b, JUs! s, 550

AYAL s s Sdate OYAY (o Si) Lsd 0 Ol Cf Cpr 5 g 53 w5 K Sl g 500
o Al L 0l o8 Jled s e gla e &S slaable (Sabziparvar et al., 2015,V Y48 (Ol 5s 5 S
Jﬁb-) ,\4\4:.945 L.:.....A al.:.m LSLT’.)‘)) L;L«J JWLL\ u"’j"l‘.‘.j‘ CA.J‘J.:.:.)\.G 6[.3‘).5 )‘ 4\5 Low A L;_LQ.L\}J?: cé‘j‘)) .L.S

Lol Jw b e s 53 aS edd S5 glaslbele o sdle .(Sabziparvar et al., 20155 \YAY ¢ jSl=de) L)l
350 L s aS o Sl 1y Ol God Oy s Bl b Ogmn S0 ol S fa s s s e 15 sbess
Slmde A0 OLea 5 DL O 3550 e el en w1 S sla 0L 5 68 slasl cogb e 5 p S slsa
S5 S Ogmeen Lo Ol s oL L 5 Jbg 5 OYY OLes 5 Jsmu; YA Ol s

M&J}k) CLA_}@M_}JY‘_QLA%MAJJJ va\:-?:b:i L;)\.W.A‘)Sablij &LQ‘J» u.pjt« C)\JM&? (-l »

Sy §3daze lalllas (Modarres & Sarhadi, 2009) el iz Jbs OF 55 530 6lsa Glaos i Lol o

chKM 9 L;'\""S'Lp BARS w\)lﬁm 9 &B::.LG) el o rl::;‘ Q‘ﬂ\ u;:)l; &l_ﬁ.ﬂ 9 &Lﬂ) Q‘,’.‘.‘.‘.*""

Ghesmati et al., 2004; Modarres & Sarhadi, 2009; Rahimzadeh et al., 2009; Tabari & Talaee, 2011; Y4y

ol ys a8 swlas Ll .(Balling et al., 2016; Rousta et al., 2016; Fallah Ghalhari et al., 2106; Javari, 2016

‘\Y’Q' cc)bcjﬁ g Lf“'»ljs ‘\Y'/\/\ cd‘)&.q.h B d\}wy—) d‘jﬂ‘ duu:u)l; L;Uj.b) CL«.& fo*j 44 J.,al..,a.:}‘ u)j«,&‘b
VSJL;-«-M-.’ Dl el a5 (VYA OLKea 5 (6 e IYAY O 5 68 «dNTAY O 5 (ool

r.>,o—:ﬂj¢.l.a@ Glude 5 e bys g3 a8 ol LS g o S 3 OYAD) sbioes| B

b Jead Lol oo e gbos o 1Ot la 2l sk mbie g 51 01a) 002 casb) 5 (S5
ok ushy el e cn e ohe D3 dle 3w G)ss slasle K s 5 o gl s Lle e s 2l
helse 5l 36 Wl e Ol Sl ik Casby el s dlude 5 Cpe slalins S S s 01l sl
el e Sbss oeal a5l cplaly il T slang s Lliess Wl sl Ges 5 Coams Omeen
J1s a4 Uos nl usb s JUs! 55 dden b S bl slebid a5 (ol Oliie Ol ! sla 2ok S sb
OLSn 5 osldst ATAY (o35l 5 (3Ll Dol iy VYA OLKan 5 Jlowd =) Llos S LIS 0l 4l sla Ko
() 5 Sdame YT OLKas 5 (6 KA Y0 OLKan 5 DUl Ol OTAE (dame 5 (5, K0T (NTAY
Jlo 3w 8553 53 5155 Sla JeKast 6535 0los 53 o8 Wleos S o )La | (CNE0)) OLISon 5 (6350 (1TAV
o ol 3 Sl (lamal ool oS sdalis Ol e e Lo S0 1 2 sl ($olmal G o)l san O
e I Sls wiealiole ol 53 Ol Cusby S sl Sees S e slis Sasb JUsl &S 55

Ql.:.w..d) J@B;\ﬂf&hab)b}-m&u)‘; d&w‘ﬂ le.ﬁﬂ\.n.:n.is w)fb(&_)\i'\)db&aﬁjé)}a}uﬂ

wl> Q.i\n\ScMA sl oo Glos G 4 5w B u.:b,—a\.,l;; S o)l gan Ql:M{J.o)Li_'eﬁ S Wlesls olis Ol
ssba almde sbos 5 e b Cugby bl bl g s e Wl mde Shs 0 3 OAdGies Sl obr

Sl iz s bl eM:L;c)\JB.s};'-J:S;UM Lol gl Colava IS e 5355 00 ooy Olpl S5 4 Olajen



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

Olisye S et o dlad 53 555 Gsmdled 5 o d alrals b Ol e L85 dacls il 1S153 sl
oo Sl e lys Slasy by gmme & 355 o ol Cumbge opl 53 iS5 cpl Ll S e Iy ) E
JUast bl s opl s cplplo s Sl il plrals 5o O v S e Gla o0 G 4 ol
s ged Jo Ol pl a5 5 e SLos 5 e Slos Casby 5 01l Skl Gla s e 4 dl mie slos ok
S ok Gas oo e V210 S Gl 2l a4 Ol ol a0k la s b OS5 00 S
ar b e b1 Ll BLl Gy o5 sackes T 51 20) 080 a0l 5 G 03 tackes 10 =10) Lo e
S 5l Ao 53 A LAY 3 oS sls 0La S aalllas cpl 51 Joo e gl L5 S e Shps it s S e
Karimi et) s ;5 s plesl oo 5 (g slaslidp Ll s 35l aims 350 SO L pe sl At 2ty 500
533,05 a3 VY s e il lasas s s s onl S1e Sl i (peeen @1, 2022
ol o Vol sdalis 2 0l S35 o 55 s e lod b dled Dlesps et B0 Jolpe
S Gl i f s ol Ll S e ol b Ol nl Jan e 5 S sba B0k ln L Tl s Ll ar s s
5 Ol bt (B0 ol s Jl S 00 5 Ve A0 SIS a3 s s opl S e 0l o
LA Caxise oo i b s Ol nlpl 0358 o S s O plrale L oe gl
5o S e s e 5 OF s A s cpl &S o 51 s 01l oK sl 2oL 53 Ol o i a1y S
Lles S s
SIS i 4 e ddes LS oLl s (g) 0 ot st 3 S s 5 5 8 ks L
5 3 ) 3 ol Sl 213 0581 il ol il il L 5 e sla ebide 5 0Ll sl e 5
Sl b los albaplel 558 o Sl il G230 L Ll il aad ol 0l i Bl iy s
A bl 5 s b s 0l s o slos st e 5L o pastas sl glal s Sl sk, U]
2kt s s gdet i 258 G S Ous rals B | pl o da s s cpl 5o aS sl s O]

2 sz Ol 10 sla e s s JLSlast ¢85 Oley 5o din el Jled 5 s sbss )

S A, g Wesls

22500l S gl Jlv 5 5 s JLusSis Oley o s sbys aopb Jlal gl 55w cxbid 6l
Lo ol losls oGl 55 5L e (glosls oS 3 4 o b ragn o | slasiua 4 e slaw |
oS wlislen Dbl 5l a8 ol (1986-2016) L Y'Y 5,55 G (gl e oSl W Blale 550 (slaesls
ool il oa g ol S b 5815 5 o bis (bl 5555 Jsb oK) sliws ool sl Sle s <l s
S S ot Dgone S5 5 (Stmsen iy 5l osline 1L LT (g bl St SIS W05 stedas 5 JolS LT Laesls
el o o351 ) S0 3 01al 5 28 s sddaalllas (slaolKal (ES1s 5 s s S 5Lk



¢4 O, Ken 5 5,105 al) Opl 15 Gl 5 b JLsis 53 oo by b, JUs! s, 550

45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E

40°0'0"N
40°0'0"N

35°0'0"N

35°0'0"N

30°0°0"N
30°0'0"N

25°0'0"N
25°0'0"N

(Vs OB dy g 1te) oanlllas Lol ol g ST 5 Comdge W2E 1) S
Figure 1: Situation and geographical distribution map of the studied stations

SO et S e Sush il 5 pU) S 08 suaSE (sla e ps (shesls oL
Garods She Gla o yie 2ol 5550 LU 51 T slas a8 VU ol i 5 Sl ol i (ol
« https://iwww.ecmwf.int .. ,s1 «, (ECMWF) (European Centre for Medium-Range Weather Forecasts)

LS dlabe gla Sledis &) 50

ool el T Sledlbl SSL S 5 il (glosls (slasll Sl asY slaesls (5o sTaas 51 da
sl exls 5l S oS (McKee et al., 1993, 1995) (SPI) (Standardized Precipitation Index) s.s sk |

05k esles Ticww | (WMO) (World Meteorological Organization) Jles oo L |gs Olosle (oolei o

(SPI) wlale jloj olie 55 sddanlas laolKil olad (gl siddis lblnl 3L asli sl iags

(S5 3amen) LS el a2t 4y LD e S il 01l sla Il 5 5 L JLSCist g U e 55 5 Al

- LN E0) OLKan 5 (63 somee sl E0) O, e

940 53 Y0 s5d aS diea (gl Jl ) ol JLSis : Jo (Gl JL ) gl Lo o
b ol (Sl ) JKis 8 55 adlhas 5,50 sla o&in] 31 S

VO B Y0 5yd a5 dier (ol Jlo 5) ol JLSis 1,815 aes (Gl Jlo 5) gl Jluios o
Al odd (Il ) JLis 8 55 andlas 3590 sl oKl Ao ys

5 Ao 55 VO sgam a5 s (gl Jlo ) gl JlesSis 815 (Gl Jle 5) gl JlKas o
Al ok (Il ) sz 8 55 addlhe 3590 sla o&al 51 i

NS o5 bl sl o3y Sl el el La) By a4y b JLSist (G ol

J}L@M&)l}:gﬁdnwaéjwuipu)%ub oﬂgfdueb‘)j‘ij&iﬁé)‘mm


https://www.ecmwf.int/

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

DL uJG LSL.JJ g:,djb‘) JU&\ .b“.u.a LSLAJ[S})LA gd‘ﬁ\;\jﬁﬁj&_ﬁ.}éuau Qqucm‘.}b)

Jdsa 28 5 S gladl

Sl S Kt 5 5 slaole

el ol gesls o 53 (658 Sl Llpl K4S (SPD) sdds il (ool axls 5l sl fass s
Sl sl mlde 53 SUoL &l a0 ode Sl S olant jaxls ol Lol Gus ool el eslina!
A L cglize LolS [ gba slalsa sl b =15 0T ol 0lsn b ol eVl 5 Jad wilale) Cilzses
Sl elide 53 50 5 el asdllas slaelSae sl S 55 (SPI) s s lblivs | 5oL Lastla 5l ol oy 58 a5l
5o VO aS Slaole o wlid Jhg, s baesls isu 55 el a8 oliad Jlas plal p eew i osliza ! £lae
Lol jos (glaole Olsioas liilo3 S w2 1) Jlw 5 b JLaSl i Ciloes Sl 5l (S oSl i
e Jlo s 5 e JLSas boolen glaols K8 a0 ) Jodr 3 bt plalis 1815 gla e 5 5 s JLsSlas
St ¢35 Jlai| oS 355 0 pasela pds 4 sl cpl .wu,\,:n,jn@j@s) o b ol yan ST 5
Sools 5 o i Bl WY 5 VE L Losl 5 eele s basle .o | 815 sl Jlo 551zt Sl LS5 gla
e () ) Llans s 1, 815 Gl e a2 g 555 Sl s o meS sl A s A &L ole 5 ST e
oo 53 sl 03 sl 5w l3 el ST Glasle a bogy pe stz £ 5 815 Gl S5 g 35 Jlsl

2016-1986 45 sl 5 xS1 5 S 5 JaKis Lol jor glacke N J g
Table 1: Months with pervasive drought and wet years for the period 1986-2016

v & 2 EN = =
1992 1995 2010 1986 2015 2007 1999 1987
: 2005 1998 2011 1994 2000 1999
2007 2010 2014 2014
=
3
)
i)
9,
1987 1986 1986 1987 1987 1986 1987 1991
1994 1993 1987 1991 Y4AQ 1988 1991 1993
1997 1994 1989 1995 1990 1990 1992 2003
2000 1997 1991 1997 1992 1995 1994 2009
Y 2011 2000 1992 1998 1995 1996 1995
:% 2012 2002 1997 1999 1997 1997 2001
K 2014 2004 2000 2003 2002 2002 2002
,3 2015 2006 2001 2004 2006 2006 2003
o, 2009 2002 2005 2010 2005
2011 2003 2006
2012 2004 2008
2013 2006 2009
2014 2009 2015
2012

VYene ‘QKM_}J c.«.ﬂ



o) O, Ken 5 5,05 dal; Opl 15 Gl 5 b JLsis 53 oo by b, JUs! s, 550

gl Joad 815 sl s g b sz ¢ 585 0l 5o oo shys Sasb) JUESH sl )lS g5l
Lol pon (sla sl 5 Lo S| (gl SISl yiSta A0 515 il 55 L) &lale S0l (slaaiidl ) 5 L
oS dohe S oslpen ol Jad ST i laske 55 oS A sdaliie Ol ) 115 Gla Sl 5 5 b JlSas
Jshe onl 5 S sdalie Ol 5o Lo o 531 (g5, Ol silin 5,00 Jo-lgm 3,5 55 e St 2 LI plis)|
o B Ol pdin §Bed plad aslul 5l a0 G o el ] g el o Bl Olas (3155 48 plis oS
03,5 bl 5515 Olpl 3,5 dedd ) placennd 5 oo bos JS O o8 Bl an S s Uleos slas Saxd
S S e s 33 bes xS (e Sus > L) gl Bl &“ﬁw)\{.s:uuu ol e dkd s ol
i o el G p @l A o5 58 edalin Ol oo ) Ol o & racd S350 5500 5 i S S5,
255 03 Ode ol B 1 Ol o 8 smacs IS 5 e bzl Olas sbus Wlnl 8 desd Ol o 8
42005 Jlo oSt 55 s (S o bolen JSK0 LgSa A0 5150 il 555 fisl e (WY e 5
S A salis 55 KL L gSa 00 r 515 o3 ol ok eys] ol Jad 1815 i glacks 5 gl sa Ol g

PU s ol el ot Wl L T 2 g S i (St b gl o gLyl Sl sl
20 0l e a3l g3 5 Oliws o 6 5 macs (oo Shos (o8 L sl S S cnl el Cel
rl s (653l OF (g gmndlecd 5l anal Ll cnl 55155 3 gt Sl &S0 (¥ 52 sl ol Lakus
Slan i 5o bl 0, K IS8 Ol Sa)p dwes 513 G a8 558 o Sl YL Sl e e o e 5o gl
Lia el 38 ol 53 Bl (Ste (S 2 L) LS Blle o5 s sdalie [ S13 5 glacls 4 Loy o
Bt oy 53 s alrals L OT (658 0 fs &8 (55 sba tonl old i (oS sbe
5 cinal Sl ol atwlS Suda 55 01 o8 BL5 S 1S 5l plrals ol pesdle 5,8 e 5 Ol skis
0 Ol 8 6t So)p s W51 lralr 5 Cu sl Sob pliles Sbl ) (pu oy plralr
JS s 53 3,8 e 513 Ol b szt (Bo0 ol (5550 O 555 0 s 4 (g sba 35
S5 53 (DT JS3) LS o )13 Uil cpl Bl s ba $Bas 555 0 5 i ded 5 e sls 0L
268 Gl g ) KuSs s o8 psba 815 Si g 5 glaele glas gl S JISL L sSs 00
Bl gl 515 5 glaole & el pl 258 o 0dalis 515 cnl 53 815 S 5 5 glaole oLas sl S
b S50 Ol G5 0 M d 5 G5 0y Cambsn 815 S (glaele bt gl ) Ol 2 6 52rand (S50

(5 Y JS2) 3003 13 Ol 2 0 5




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

AS1pSis ) A1 5 S

Oct2005-Vo-Hgt850-Dry

Oct1997-Vo-Hgt850-Wet
. i
@; e

o EHER
s

15208
fi500] 11510}

' 1520

§1510]

14908

60E /0L 80E E 120E 30E o SOE B0E F0E BOE a0E O0E 0 120E
Relative vorticity Relative vortici

e e S T

Oct2005-Vo-Hgt500-Dry Oct1997-Vo-Hgt500-Wet a
i —— . 5660) = - {555
=570

6OE OE 80E a0 0ol ol i OE 30E 40E 50E &60E 70E 80E 90E 100E 110E 120
Relative vorticity Relative vortici%

ey B R T B m
0re 5 A0 lasl (sl () Gble) o Skt 2 5 (k) Jily 55 5l (o8 5 (slaads Y I3
Olpea 1997 251 (0) 5 513 Sis ,uS1 Ol goas 2005 L2851 () L8135 5 5 Ko o oSt gl JISal o5a
(s OB h g5 ate) ;515 5 281 S

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
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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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