Journal of Water and Soil

(63298 2bus 3 pale) S g O 4 i

Vol. 35, No. 6, Feb.-Mar. 2022, p. 891-907 AT A

Opl G g 53 815 5 Ll fow sl )b (5Ll gn fulows

eze\‘dﬂs| S _\dm )L:).LA
VEe L PAY s b

VYV oy b

AN-AeY L o NFer todul — (pogg F 0 ket (VO Wl

CXVCES

Al By sz > Jlo £ deg )3 Lol s 5 518 i)l s ol )i (50,5 oSl B lilse s gy cnl jl Bun
Lnisy gl s (VAVAY - IA) ()] 05 b liasrsly 5 ol i) Sitpgives olStsl L Ll sloosls bl izl 5
b slmginl b b (s olSig] 1 o Sl 2 b (sglane Clojom (53l 31035 b (53l (6518 5 o5 Sao il b ()l s e o3
Bewd alg)l ae gloe lagin i 3550l g2 e Sl 53 3 laadlhe s (SWE 2 g Cugh) ailyg] gl b)s 515
Ain 0,8 Al g9y ol LS ela] ol (o p0 a8 oby i ladilelu oyl (Seolidge i byl o)y b il ERAS sus (5ol
oSl 01d Gl 38 Caoms 4 (gl Culin ) oo g 00 (358 Bib 4 (Bl S > glo g 038 oo glo S g0 4 Sl Sl
oS ) ol (Bpd gz bl el SES 1 (80 (5)Lid SISVl bgujo 59) cnl 3 (o) 59y 2 )WiS (ST @98 so90 4 pgd
P 9 p9> S5 (Sughy e Cunl 0392 plgi 39,3 jgore 25 53 dilate (63655 gyl (Sho Bl (4D Baes b pgw (5N sl 03l )15 13U
5 casby Ls o dw ya )3 ol odey ol Byb Coin 4 g okelyd 8 > gl J (515 Jled (6 pS g b aS 0390 (6 yhumas] B39y S
Sl 03,5 gy (il il Jlod & il lagslgenl glis))  Gide e 4 Cagbo) e 5 0351 )15 5 JSbgiSa Vee 5155 (3005 daws
ool 2 39,0 LBl sl 00 d (o)l Cagbo) (300l e lsiny a3 5 Lo ugldl o s (slod (taljBl 4 oo Sl ile,S &S s
5 i il ) (6t (Galanls 5 o)la (Lol o slogi b sals ST (sloans > Gimgly ol 3 (gl ol )3 0sd (alulid (slagS
9 waplss (sl

Olsh g s 518 5L o )1 25045 (G215

9 SLSL ©ygm0 4 oS Wgd (o0 Cgume (Sofglg)n slacn 8
oy O 6?39_]1 s S Hiulw,d Ly g im0 &) e oligS
bl oldy 5 (eul Sl 5l als  S)b &S G (S LASiud
SLasSll 51 Sl o) & g sl am s Sl Sojslss
s 51 olysmo iz (ololis sk sl 3935 4 (505
oo 2wl 4 pyisee slogSll I el o) b 8 59y 99 b S
9 soeldl Slaogad > 0gMe 4 (F) 25 (i |y M &y

Sy y51% 5 bl lagtyl ol €589 » oSl (Sslizd
2 938l (ool e a5 e Gl (St S sl Sl
4o 5 (V) 185 b b b ol 5 (b Sllus (ials g cy e
Ol 38 3 S8 g Lol s bl gy ol 52

3- Widespread

LYRUFY

0, yliyw 33 Sl (s paie o)lgan (95bsS JBSil 4 30

olide) (o)l g0 pusd il sl 0)sd )0 Lol D4 o guixe (o
res 56 g ol Bl olyom 4y 1) coren Sy (@295 5 Olo
Seeliadgeyi Jalse > @y (A ol andliS Ll gl
e Bgb oo )l S5 rge OS5 (dgm0) (Solisd g (Cugbs))
sbacn S g98g 4ot )3 9 Gl g Oloj olide 3 U0)k AL
lgi e 48 2950 Lol o (la Byl (ygen (a5 po (ool
232 Lol slo i)l (¥0 5 YF) dl s (555 sl s

ouSisly sgul.uu‘yb 9 u] )Lu-u)b 9 M}l L;.AL...:)lS 4».>54-‘ uu)b [SVeNEY -y 9 y
o3l oS (ol ple
(Email: mehryakbary@khu.ac.ir (s o g — )

DOI: 10.22067/JSW.2022.68783.1024



mailto:mehryakbary@khu.ac.ir
http://dx.doi.org/10.22067/JSW.2022.68783.1024

VFoo diduol — oot F oylods FO Wl (S g Of 4,5 AQY

VAN E DN Slah Shaw )lid 13 5 lalnie Lis
o Wbl )l Jdos 3 (7) (e 5 (77) adide (VY 4
Oojy A5 Ny dom ol 4 W (yguidge Sl 8L ol 3y
ooy g pyS lon b ol (s9)bg) 5 Jlod slapsye 3y slga
(V) dids ol 039 ()L sloml ol Jalse 5l ain (guige
93558 (s 2p92 1) Gl G g )L B g5l
ol dLawd dw 0 |y ddlaie pl 55 8L odiiS sbool (ol
2 sl olyen & a5 Wi (sl slSin i gl 900
b ) 5 WS o g5 adlale a0yt Cuas | tins dilale
) ol Uil oy e s9a> polis Sygo 4y g Jlo oy
1 Lol o5 g g s (09> 5l 50 929
Yo dgas aS odal dpmg dodd i Gres o] Gl oS oKin
ol (g 35yl 0 D929 a1y dibaie cla)l 4o
Faopd Vel jeS oS sl Gliwgiin (guige Lt oS saLj
90390 (L) el pgwr 9 p9d sl A8 oo Sbul 1) a5k
03ljz 8 9o Ll gyl 5l Gogllas (ggr (sla by Jloi) a8
Wbl gLyl )3 | owge sbaabols i (VF) ol Sen 4
Ol g3 a4 Ay Lt g 03l 13 gy 3590 Glnl 58 o9
DAL 9By el & b ye (lgn 5 2900 Jalo p 0g)e ailaie
Ceel Wlgi e adlaie (S5 9m50 Cnabge 5 (Siomn WNgd e
lop 5 ol B Il slaonyay 3,5 Gl il g i3l
9wl (5L o ) 8 oot oo sl yiall e ) Gl
2 Pl g b gelawly 4 Wl oo 3)lge (B SIS B3,
B Sl () p 298 S)lud g Jew Sl corge didlate Sy
PRebgr sl )3 10 (sla )l g98g 4 3l (L 1) gy il
Sl 3 el b S, gy 31 ity siloles Sy il (ciomss
Olnl @ gz )3 o) daw Lid o5 Shgw aileb 5 > Sl
SIS L hasye Lis lagSl (Seingivw (o) (V) Cml
Ol=l > oK 5 (i 9 35 0) polie syl Slis)  ge
5 ool 3l ol sding 5 LSel (SiSMy (580 oS ooy ol
(T8 5 W) ol Jly58 2 sy 5L pol

oyeld 5 e b (3L 25 b Gk 4 Ll s o 3L
s (0) el byl il gilato addl Loy 5 oLl
9 Ol (liwsl Sis @l g (LS (lbg Condy 4 29 L
o=l YL iy ¥l ()L bwgie (392 (sl (linssh
b slbaasie | & Lol 5 05 slogt)l Jo3 5o ol
by Gl i 5 (75 VY) ol gl (B8 ogin (oodld]
Sl 5 b dibaia pl 3 oabl sloand (gl Ll uw cslaiib
St gyl (o o cosl (e (ARD) @il s
s 51 T 5 (8,5 o) dw et (ornb Skl g8
ol 42535 oLl o (sl i)l

3592 (Ol 5 slae) Jlw £S5 sd0s 53 (bl 9 Glin)
g adlate (V) (sgwperme 5 OlealSing sl 48y )13 adlllas
b g o5 e 2 5k bl b adate SO 1) ol 355
b ls5 onl 9 )l bl (ke 5 sl b5 Jlom 6y e
5 )LS ) i olssS (sla i)l dgn g &S Wldiusly yio Juo YA
Syl ang Ly ool ol Sy ontors 51 Lol Jow
S doss g Std 3blie (ol sl Sy 5l Kt Bl
2929 ©ygmo y3 48 B o g g (T 9 1Y) A
Lol o)l 585 wals cuslio dgno Sl g (B Cugb
o8l et LS 41 pol a3 g pules Glnl 555 g
SEY 5 ¥ FA) ol 03,8 iy iali8) Lol Lew (slayi,b g 980
B9y Gy & x5k 4 0395 (ol )3 uldl o5 SISl g
FO) sl Jlod 080 (1:5ke 1 Gl oll Giale)S il
9)) Cosl Gl 4 gy Glnl 53 08 oyl 2y delw 9, (o
Las oM VY (558 ol U )5S oaldl juis jlliets (V0
o] S 9 e Ol oy (0135 lagjls  eolizul
Sl 00 (g5l joiS wlidlen ylojls ;5 (ARsIPCC)
Oivlidl Jlais] 88 48 sblio dgdne 1 48 canl o 5 ST (VA)
Sty a8 sl el Gl 50 g @)l 2929 ol o Bk
VEAY) 252 anlss Lol s 5 SSL 900 a2 ailate ol 53 U5l
(Y
«Sigiaw glagSl HLwlis wndy opl adlas 5 calus 1
L ablio 5 gt 5 bl Gl 5 Sloj (2555 5 689 5550
Sl oy L Blo)l 3 (3) 22 amlss g o Jlazl s
b g Lol 5 1518 Lol g5y 2 s 0935
515 s 55 (glod s @lllas gl L blize yyaen (clagS)
48,5 )8 sy 390 ashl 3 sl 5l eoluss a8 eas plouil ol
Lo sliz B )0 V0 puelyiolo (i (6l )l (g2 ol
ool 0 (Bpen lapiugs & o (L liwgain ey
5 4Bl dxogi g s win gldl ()l (55,5 by pl)l
ok 6]y (58U bowgs dim (0,8 s (sgm0 4 o] Sy
9 St SLagSl (o) p (V1) 2950 Cugll o] S
Lilasn slags)lgonl (i (JUs 3 S oyl susbo glie
o=l 3 oK gLl 2las) > (gyteasl glagSUI L bl 5
3 oad plodl gla yimgiy (YY) ash o Cponl Bl 1) dilaie
o4 3lonl slagsl oLl 5 (Ssbgiw Jlbod jogad
bl olge 51l 31 (30 48 0l Lt ool 5o Lol o sl
oS eSS g 0 plea] el |y Lol s (slayhyb 01238 slox

1- Chennai or Madras



ARY ol G g 5 o158 3 Lol s (Sl (35 Uelgn Jolow (551 5 (sokomo

59°00"E GOO'0TE 6100'E
1 L 1

62°0'0"E GI00E 63°00"E

260N 270N 28°00°N 29°00°N JUHOTN 00N

2590"N

£
s High:3914

o Low :-26

0 825 125 250 Kilomelers
L

JI00N

JOFOOTN

20°00°N

3ﬁ"f;l)"N

00N

279
27

T
600"N

2
-

500N

"

T T NS |

¢
B

400N

SOOME GOFONOCE  GIMNOPE 620°E 630NCE 64P00E 5

adlin g 33 Sy ot (0K n] (WS Ty g andllas 3590 alllaie (Ll 2 Corlge ) JSWS
Location of the studied area and distribution of synoptic stations-Figure 1
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Table 1- Number of rainy days and the Maximum daily precipitation in Sistan and Baluchestan

&5 S,LL g ilgl 48
RESW 39y 55l yiSTan 395 fr’; 3 i ‘)9;::'9 »
Station Maximum Daily Precipitation ' Fo e 25l e .
Number of Rainy Days with more than 1 mm rain
J;
(Zabol) 20 66
Oolaal;
(Zahedan) 14.5 102
531491
R 31 116
(Iranshar)
b 27 117
(Khash)
Olglpw 14.6 100
(Saravan)
Sele 90.5 32
(Chahbahar)
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Table 2- Precipitation thresholds of the 90" percentile in Sistan and Baluchestan stations

&b H; ol Reddlpl 6 Olglw Sl
(Date) (Zabol) (Zahedan) (Iranshar) (Khash) (Saravan) (Chahbahar)
ol Sao
oskes &y olins] 65 8 8.3 7.4 8 13.4
(90" percentile in mm)
2007/6/7 0 1.3 23 10.5 143 90.3
2009/3/31 3 145 22 16 13.8 0.7
2014/3/27 0 0.7 12 7.3 14.6 21
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Figure 2- (c, b, a) Sea level pressure (hpa) and geopotential height (m2) of 500 hPa for June 5, 6 and 7, respectively. (a) and
(b) the relative vorticity (s7"1%%) of 500 hPa and the vertical velocity (51*12) of 700 hPa with geopotential height at 500 hPa on

June 7, respectively
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Figure 3- (f) Specific humidity (gr*kg) at 850 hPa on a large scale and (g) humidity advection at 850 hPa on 7 June
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Figure 5- (f) Specific humidity (gr/kg-1) at 850 hPa on a large scale and (g) humidity advection at 850 hPa on 31 March

S IS lgiSn AD- 51,5 )3 Lal sl 0395 Jly3r JSolygisian
) il slncsgmils S35 A1 5 (0-2) o 45l i
9 w2 c0llj Jlad 53 058" olow (linash (i (slaogS alox
P ASGgb 4ty lis () g8y ) 1) QU ylege don
byl gl 5 Gliwes &ye 5 55550 3blie 13 jg) (x
9 )bl Gomen Jlgen g Cany bl 3 &5 Jl 3 03 &) (o8

ol 0 cud o)l (p S bl

JISuls gisa O v 5l 55 0 9 8 1p g (5 53U
by bwg oy glasl goladlcaas glagl > Lais
sbasl 4 oas ccl ojlo Y0 53 ()b 1 8 jg; 93 sy
S9y = Jlod 423 Y0 (20 53 JwlgiSa B:+ 515 0)8
l_)9)| JLQ—M’ L:C_OJ)AM &9 o)lel) .)9>).w.~o 4:1)»..\;0
skl s 3l 2)8 Sladl by Glpl 358 Sl 53 298 020iS
g_és)l,;praua%ﬁ)wwfgﬁ,amo.\map
Sy b 45 ol o0 iS5 oyl 00+ 5555
0255 3 Pomb Ll sl 039 35 slon JBU 5 0 Co gl (6 pu
Ol (o> 4o 2 (6)le Cjgo Ly Lol Jlod 4255 YO
g 0 S g gl Jb 5 3 Loyl Jled Lidy )l ade
)‘ as Lﬁ_’)'c dLb.)b Ul—’)> Jr U»)La A\t 2 .(a-3) Col 039
o Klodgy gyl (059 Jb 3 (b & (Jlod 423 Y0 slayoye
35 5 Gree b 398 S5 litanye g (59 0 Lib il e

JEwlsiSa b+ 15 L)l g bolad alold Lulyd ol 5
oledls Ol 5l gl as a4l ials 15 (sl o) 4 comd
g )3 (C2) Sbe )L BS) el culie sl
Wb e ) 50 D Tgae VL O > sals JKubgiSe
Wy (8-2) ol 039 JSawligiSn Be -l )5 e (S 2
2Bl Y BN G olpl 338 o > g sVl B
5 i slaois! IS 55 59, opl 53 (0-2) sl odpwy 45l
97V ) L oS slaelRiul g 0ad ()15 50)k Gliwash
oo > Wlo3)S by |y ()b n iy e e YV L el
VE Uk ST aals el (l S €8 5 (95 s 4,
w2lodgs S5 (6631 9 4 s Mazel

S el (a5B39) S5 ) cnl 3 Uyl s Aol puo
Srd Jlod g5 gl a5 gusb; elae by nl 039,
3 g 0dd Caghi g Sl (g (iS5 > Gl odalp S 4y
ol 2 (F2) cosl ous plos (5lps 3y linye opja 4l Cg>
ol pe sy (Bpd o W5 2ly (39 JUb adlate
Juasl )b 5l cagb) gloye gml sl g (2 Ken 5 el
Olel b gz a4 ol colia g e gl g ples sbyd Cugb,
Voo gADs slajly g e w53 Casby JWSI cpl canl 039,

1- Vertical Movements



VFee Wil = cpogg o 0ylods FO al> (S g 0T wyai Qe

5 5 3y lop i S g2y sl 03,5 g a3l 5 3958
il (55550 3blio g9y = o] 65 )13 9 JSlysisa V- ¢
b 0l el g oy (635 00 bl jo axs] 895 dbul o
4l o JSwl —r AL =Y 4 il (65950 Bble 53 I9n d9n0
S o5 Lo p lon i cnl 392 sy o0 Jai 4 (0-3) sy
Geos Cld 3 ol 039 lasye (ol (38 Jlodd 53 04
Bev 5l o8l Laws el JSuheaSa O 15 2g,8 o0

o 035 JMScslygiSn

0 10€ 20E 30 40E
45 (0) 5 (8) -co0ylo VY 5 V5 YD 5l i 5 oy JiSl g0 B+ 31,5 (M7 52) i35 £ 5 (MPR) L 51,5 5 (2 D) -5 IS
55 53 bl €131 olyob ay JISwlysiSa Voo 5135 (Vo 57) g o6 oo 5 JISealy 550 B0 0 3153 (1 + 5%) o 2I5 i

Oliash § Ol Sl (pl )3 9 48,5 IS5 JSlgiSa 8-+
o slagd e )3 Glojen Cusl &B)S )15 398 g gl 5
iy Ly ol g4y g 00 cysl s ay L)l Jlad jLtd
ol Jb 0 5 00d Camdl (6w Hlid s Lol osd pledl (6o
5 bl JLs )3 55 0ad oy JLid 05 5 039 )8 Caouw &
S JBlgiSe B2 - 515 59,8 ()L sl 59y 2 (0-3) ol hns
by comlond Juitie plpol 308 ogin 4 ) mld Cgi
b Lol Jloms JUid 5 p0 lgp lyinde 530 g9y 32 028 JoSuts
Gos 08 0L Jelge b (lojon A8 (0 Sloy (nl 355 o> 4

104
on
1008
1002

1002

60€ 70E B80E 20€

oyl YV o JSwl oS O e
Figure 6- (c, b, a) Sea level pressure (hpa) and geopotential height (m) of 500
hPa for March 25, 26 and 27, respectively. (a) and (b) the relative vorticity (s*10) of 500 hPa and the vertical velocity (s10°
2) of 700 hPa with geopotential height at 500 hPa on March 27, respectively
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Figure 7- () Specmc humidity (gr*kg- 1) at 850 hPaon a Iarge scale and (g) humidity advectlon at 850 hPa on 27 March
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Figure 8- Cell values (0.25 ° x 0.25°) of specific humidity of precipitation systems for (a) the first pattern (June 7) (b) the

second pattern (March 31) and (c) the third pattern (March 27) in The longitude direction is 60.5 and between latitudes 25 to
31 degrees north (from south to north) at 3 levels of 1000, 850 and 700 hPa

0> Fy gaid g S > g (o Hlid cdl i Lol dius 4
Sk S g sk (ol diwn b dilaie & jglxe S 1 g sl
505 s 305 5 (48 o Sl V0 5l (i) 3900 il
45 0y &y (K )L ()5S 1 p)5 V1 ) 5oy
o 93 ol pow 5 ped (g6 A o el Y 5L o S
9 obes Loy woys by cob) il addas o Jlasl oI
g dlue cpl g Casl dgpie Glpl 358 Cg 4 2 oyl
6l 5 ool OF e (glos (al33l 5 ST sloans 5
G5 oz > Mo dlid) (i (ilad S5 Sl ple)S ]
G & Olgi e (Kal ST pgd (598 pogad 3 il oS

35 4ol 9 Sy

Sles o5l (b Sipgis oSl Gid 5L ol bl

3or YV 5 ol g )lee b )3 ()l slajg) Sl VAVA=Y A
dy50 (5ylol 050 53 Lal ol yuiio (5l 13 55, MWW U Lol jo
S acs sl aoms 1518 g Lol o sl sl g8y adllas
S g3k iy losg: oyl i 5 (slols olide 5 o535
(5955 csloslo ldgb) Jsl 501 5o a8 als s lesl (3 lulsm
DR+ iy (e Ly JSwligiSa B+ 51,5 el g (0955
Syl an Lk e > mlo win 0)B a4l 59y 2 po Jrwslig)
S5 Bble )3 5 lpl 58 eg 4 Glsb 3955 L g 0l 5,8



AeX Gl Grb gi 3 25153 g Lol o s,k (15 Lublgh Sl (5351 5 (oo

Sad b s e ol adly b o)l cogby pol p (slodes LU
b ol el s ()l (5550 as o S it LS |
AB+ i ) cagly JWSI ©ad Ve S5 G oej daw ) Cugh,
A+ (o) g Sl A 2 )0 (g2 Cag) el 5 JSwligSa
s & Biae 8 ol pliasl Jlosh b g ) JSslyiSa Voo
Ol ()30l el g it (pizmen 9 (b glie 1 dlold
Soyad s @l b g (V) 9 0) Cusl 039y (liuarsly 9 (s
(V) (=l 9 o5l 5 (F 9 V) hlson 5 (Slonds 5 (VW94)
b gallo ol (Blilgn o Shy (ow)p 2l Slyen
s (e |y (1) (2395 9 8T oSKdnghy plo slaadl
e 5 delod s 20l 59 555 3 s sl S slo )L
YU ol w clilizel ool 5,8 gm0 48 el o)
Ol 3 i 3L el (ol ele g gm0 Jole (gl
sbasll ) Lai g cowl adlate an (S8 O )b (a5 3ble
il Colps 3 (Y8 5 VY F) o)l cald osd plulid Lien
b an i jlae Jad 3 5L £989 Sl & 3905 48T
5 Ol 3 @z ) cnlie (il LS e 4 Gl
o=l @l balyd gyl Jload Lidy 5 (e L8 clad
sl il gbolis

il Bl S Sygo a o 3Shes 5 o5l JLiby soud sl
CpoSS g oad gl s a3 ligd Covge a5 cudly o)lil oye (slasl
el el oad JSulgsa 0+ 5l 5 (i oS S
03)5 335 |y (ooel8l 655l ) (3L slagyl bl (g jL28
3958 s9e 32 5> Qlimrgly 9 b (bl BN el )3
3 Ste (Suid iz 5 48y )3 (s (219U Ay Joxo)
sl Sl ol coulie (SIS 5l ClSs JSulgSa 0- -
A8 Sy g gS W 4 )l gy nl 3 (o9 bl g
oSN 3 4y o "atels VE il 55818 dmls ailolus oyl
a5Bg; joy =l 2 La iyl gl daiia pus pilodgy 500
L lpl 4’ (g by matae (lojp ol 48 col (il
Lo g (i o g oseld S 4 (Byd Jlad 55
obes by )ly liwrye opje aud L jl g oAb Cogll &
(JBslygSn B2+ 5115 59,-3) pow (581 > Coleg 53l 0
B 5555 (=lSly Esl rewdyg Slae BlpS (A Bee
Sole > addlhae 3590 adlaio Cundg pl 3 g 003 JSlySn
9 S )by (sigm o ()b Sl Cunl 485115 3955 Hoe
b g 4 )Ly 93 (ol 3w (sl <8513 5 L)l Jloud jLi
2 a8 oyt wasl aSlBag; el sad (g bl wals el o]

35 9 gl 53 39 03l plosl |y b )l (gl 4435 p9d (5ol

&l

1-  Ahmadi M., and Jafari F. 2018. Complete Routing and Synoptic Analysis A Study Sample of Systems Leading to
Heavy Rainfall of More Than 50 mm in Southern Iran, Journal of Spatial Analysis of Environmental Hazards, 5%
Year, No. 3: 83-102. (In Persian with English abstract)

2- Akbary M. 2015. Combinatory Mediterranean-Sudanese systems role in the occurrence of heavy rainfalls (case
study: south west of Iran), Meteorology and Atmospheric Physics, 2015, DOI:10.1007/s00703-015-0389-x.

3- Akbary M., and Nodehi V. 2015. Analysis of trends in annual and summer rainfall of Golestan Province,
Geographical Planning of Space Quarterly Journal 5(17): 141-150. (In Persian with English abstract)

4-  Alijani B., Hashemi-Ana S., Abbasnia M., and Pour Hashemi S. 2014. Analysis of Dynamic, Thermodynamic and
Synoptic Conditions of Flood Precipitation in the dry Area of Southeastern Iran, Geography and Environmental
Stability 13: 28-13. (In Persian)

5-  Alijani B. 2017. Climate of Iran, Payam-e-Noor Publication, Number of pages 236.

6- Arabi Z. 2005. Synoptic analysis of rainfall from July 17 to 21, 1999 in Iran, Geographical Research, 56: 15-1. (In
Persian)

7-  Ashley S.T., and Ashley W.S. 2008. Flood fatalities in the United States. Journal Appl. Meteor. Climatology 47:
805-818, https://doi.org/10.1175/2007JAMC1611.1

8- Moore B., White A., Gottas J., and Neiman P. 2020. Extreme Precipitation Events in Northern California during
Winter 2016-17: Multiscale Analysis and Climatological Perspective. Monthly Weather Review 148(3): 1049—
1074.

9- Borzoo F., and Azizi Gh. 2014. Proposing a simple criterion for estimating heavy rainfall in different regions of
Iran, Natural Geography Research, Volume 47, and Number 3. (In Persian with English abstract)

10- Chakraborty A. 2016. A synoptic-scale perspective of heavy rainfall over Chennai in November 2015, doi:
10.18520/cs/v111/i1/198-201.

11- Dargahian F., Alijani B., and Mohammadi H. 2014. Synoptic study of pressure patterns associated with blocking

affecting the occurrence of continuous rainfall (5 days and more) and heavy rains in Iran: in the cold season of
2012-1993. Geography and Environmental Hazards 10: 173-155. (In Persian)


https://doi.org/10.1175/2007JAMC1611.1

VFoo sidol — (oot F o ylods FO Al (S g T 4, Q0¥

12-

13-
14-

16-
17-

18-

19-

20-

21-

22-

23-

27-

28-

29-

30-

32-

33-

34-

Dostkamian M., and Mirmousavi S.H. 2015. Analysis of Extreme Precipitation Clusters in Iran, Geography and
Development 41: 146-131. (In Persian)

Farajzadeh M. 2014. Climatic hazards of Iran, Samat Publications, number of pages: 348.

Farajzadeh M. Moghli M., and Afshari Far M. 2016. Analysis of the role of monsoon systems in precipitation in
southeastern Iran, Proceedings of the conference on geophysical development potentials in the oceanic coasts of
southeastern Iran. (In Persian)

Fritz Hermann M., Blount C.D., Albusaidi F.B., and Al-Harthy A.H. 2010. Cyclone Gonu Storm Surge in the Gulf
of Oman. Indian Ocean Tropical Cyclones and Climatic Change Publisher; Springer; DOI: 10.1007/978-90-481-
3109-9_30

Ghaderi H., and Alijani B. 2010. Synoptic Analysis of Larestan Severe Precipitations, Journal of Physical
Geography, Third Year, No. 8, Summer 2010. (In Persian with English abstract)

Jennrich G.C., Furtado J.C., Basara J.B., and Martin E. 2020. Synoptic Characteristics of 14-Day Extreme
Precipitation Events across the United States, Journal Climate 33(15): 6423-6440.

Islamic Republic of Iran Meteorological Organization (IRIMO); Office of National Reference of the International
Pannel of Climate Change (IPCC) of the Climatological Research Institute - Mashhad, in collaboration with:
National Center for Drought and Crisis Management of the Meteorological Research Institute. Detection,
evaluation of the effects and prospects of climate change in Iran during the 21st century, 2017.

IPCC, Climate Change. 2014. Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change [Field, C.B., Barros V.R., Dokken D.J., Mach K.J., Mastrandrea M.D., Bilir T.E., Chatterjee M., Ebi K.L.,
Estrada Y.O., Genova R.C., Girma B., Kissel E.S., Levy A.N., MacCracken S., Mastrandrea P.R., and White L.L.

(eds.), Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 1132 pp., 2014.

Glisan J.M., Gutowski Jr W.J., Cassano J.J., Cassano E.N., Mark W., Kharin V.V., and Zwiers F.W. 2005.
Estimating extremes in transient climate change simulations. Journal Climate 18: 1156— 1173.

Khosravi M. 2019. A Survey on the of the Summer Precipitation Events Moisture Supply Resources of Southeast
of Iran. 12(41): 127-144.

Lashkari H. 2005. Synoptic Analysis of two patterns of winter rainfalls in southeast of Iran, Modarres Quarterly,
Volume 9, Number 1, Spring 2005. (In Persian with English abstract)

Lashkari H., and Khazaei M. 2014. Synoptic analysis of heavy rainfall in Sistan and Baluchestan province, Sepehr
Geographical Information Journal 23(1-90): 70-85. (In Persian with English abstract)

Luo Y., Mengwen W., Fumin R., Jian L., and Wai-Kin W. 2016. Synoptic Situations of Extreme Hourly
Precipitation over China, Journal of Climate.29; 24, 8703-8719. DOI: 10.1175/JCLI-D-16-0057.1.

Mafakheri O., Saligheh M., Alijani B., and Akbary M. 2016. The Hazards of Rainfall Concentration in Iran.
Journal of Geography and Environmental Hazards 6(3): 143-162. (In Persian with English abstract)

Meehl G.A., Covey C., Delworth T., Latif M., McAvaney B., Mitchell J.F.B., Stouffer R.J., and Taylor K.E. 2007.
The WCRP CMIP3 multimodel dataset: A new era in climate change research. Bull. Amer. Meteor. Soc., 88:
1383-1394.

Wu M., Wu C.C., Yen T.H., and Luo Yali. 2017. Synoptic Analysis of Extreme Hourly Precipitation in Taiwan
during 2003-12. Journal of Monthly Weather Review 145(12): 5123-5140.

Montazeri M., Nami M.H., and Dalaei H. 2013. Synoptic Analysis of Heavy Rainfall November 21, 2011.
Kohkiluyeh and Boyer-Ahmad Province Sarzamin Geographical Journal; 10, 37; 77-89. (In Persian with English
abstract)

Omidvar K., and Torki M. 2013. Identifying patterns of heavy rainfall in Chaharmahal and Bakhtiari province, The
Journal of Spatial Planning, 16(4): 135-170. (In Persian)

Parand Khorani A., and Lashkari H. 2011. Heavy Storms in Southern Iran (Case Study of December 31, 1984 to
January 4, 1985, Dalaki River Watershed, Journal of Geography and Environmental Planning, 22(41): 136-123. (In
Persian)

Bohlinger P., Sorteberg A., and Sodemann A. 2017. Synoptic Conditions and Moisture Sources Actuating Extreme
Precipitation in  Nepal, Journal of Geophysical Research: Atmospheres, 122, 12,653-12,671.
https://doi.org/10.1002/2017JD027543

Pourasghar F, Jahanbakhsh S, Sari Sarraf B., Ghaemi H., and Tadayoni M. 2012. Zoning of precipitation regime in
the southern half of Iran, Journal of Geography and Planning 17(44): 26-46.

Rahimi D., Khoshhal J., and Alizadeh T. 2010. Statitistical-Synoptic Analysis of Heavy Precipitations of Dry
Lands, Journal of Geography and Regional Planning, No. 14. (In Persian)
Rastgoo Z., and Ranjbar Saadatabadi A. 2018. Study of heavy and moderate rainfall in Bushehr province from a

synoptic-dynamic perspective, Journal of Meteorology and Atmospheric Sciences, 1(1): 96-77. (In Persian with
English abstract)



9.0

Ol G ©ga 30 15153 g Ll Juw sl o )b (5 Lodlgh Juloni o5 51 9 (oo

35-

36-

37-

38-

39-

40-
41-

42-

Rasouli A.A. 2004. Modeling of lightning in Tabriz city from the perspective of flood risk, International
Conference on Natural Disasters, 5-7 October 2004, University of Tabriz. Schumacher, R. S., and R. H. Johnson,
2006: Characteristics of U.S. extreme rain events during 1999-2003. Wea. Forecasting, 21: 69-85. (In Persian)
Saligeh M. 2001. Synoptic Patterns of Summer Precipitation in Southeastern Iran, Geographical Research
Quarterly, Article Number: 521. (In Persian)

Saligeh M. 2005. Precipitation mechanism of the southeast of the country, Journal of Physical Geography
Research-No. 55. (In Persian)

Spitalar M., Gourley J.J., Lutoff C., Kirstetter P.-E., Brilly M., and Carr N. 2014. Analysis of flash flood
parameters and human impacts in the US from 2006 to 2012. Journal of Hydrology., 519: 863-870,
https://doi.org/10.1016/j.jhydrol.2014.07.004

Tebaldi C., Hayhoe K., Arblaster J.M., and Meehl G.A. 2006. Going to the extremes: An intercomparison of
model-simulated historical and future changes in extreme events. Climatic Change 79: 185-2113.

Vahdani I. 2013. Book of Weather and Climatology, First Issue. Aeezh Publication.

Yu M., Miao S., and Li Q. 2016. Synoptic analysis and urban signatures of a heavy rainfall on 7 August 2015 in
Beijing, Journal of Geophysical Research: atmospheres,122: 65-78., https://doi.org/10.1002/2016JD025420.

Zwiers F.W., and Kharin V.V. 1998. Changes in the extremes of the climate simulated by CCC GCM2 under CO,
doubling. Journal Climate 11: 2200-2222.


https://doi.org/10.1016/j.jhydrol.2014.07.004

Journal of Water and Soil : (63298 2bus 3 pale) S g O 4 i
Vol. 35, No. 6, Feb.-Mar. 2022, p. 891-907 it AIZALY . N Fee il — rage & o5losds T ol

Climatological Analysis of Extreme and Widespread Precipitations in Southeast
of Iran

M. Moahmmadi'-M. Akbary 2*
Received: 03-07-2021
Accepted: 17-01-2022

Introduction: Sistan and Baluchestan Province, in southeast of Iran, is covering about 11 percent of the
whole space of the country but is one of the driest provinces in Iran and its average annual rainfall is about 110
mm. The purpose of this study was to identify large-scale atmospheric circulation patterns causing extreme and
widespread rainfalls during the warm seasons (spring and summer) in southeast of Iran (Sistan and Baluchestan
province).

Data and Methodology: Precipitation data of 6 synoptic stations of Sistan and Baluchestan province during
a 30-year statistical period (1979-1998) were obtained from Meteorological Organization of Iran (IRIMO). The
intensity of precipitation based on 90" percentile threshold and widespread precipitation index of at least >50%
of the studied area were calculated. To identify the synoptic patterns of the upper atmosphere, the ERAS data of
the ECMWEF European Center of Med-Latitude Weather Forecast with spatial resolution of 0.25° x 0.25° were
obtained. The collected atmospheric parameters included mean sea level pressure (mslp), geopotential height (z),
specific humidity (q), zonal (U) and meridional (V) wind components, relative vorticity (rv) and omega (w) and
maps of the upper atmosphere were drawn at different levels using Gards software in the domain of 10 to 70E
and 10 to 90N. Regarding the two selected characteristics, three events of heavy and widespread precipitation
were determined.

Results and Discussion: By analyzing the daily rainfall data over a period of 30 years (2018-1988) during
the warm months of the year, the number of days with torrential and widespread rainfall in Sistan and
Baluchestan province were determined. According to the index the previously defined floods and mudslides
were obtained for 3 days with torrential and widespread floods that often occur in the spring, which are
categorized to three main patterns including: 1- Gono Tropical Storm 2- Omega Blocking and 3 — 500 hpa
trough system. The results showed that during the maximum 24-hour precipitation, in the first synoptic pattern,
the southern cities of the province received the maximum precipitation due to the proximity of the storm’s core,
but gradually from southern to northern latitudes, the rainfall declined considerably so that Chahbahar station
had the maximum rainfall and Zabol station recorded zero rainfall. The storm is expected to move eastward as it
moves to higher latitudes, but the high pressure formed on the Indian subcontinent acted as a barrier and directed
the storm to the west, thus affecting the southern regions of Iran. In the second and third pattern, the location of
Sistan and Baluchestan province in front of the trough axis and advection of cold weather of the northern
latitudes were the main causes of instability that lead to heavy rainfall. The moisture of these rainfalls was
obtained from Oman, Arabian Sea and Indian Ocean respectively. In the second pattern, the anticyclonic
clockwise motions of the Arabian Sea has provided the moisture for extreme precipitation events. Common
points of all three precipitation patterns are atmospheric moisture reduction in all three levels of the earth, 850
and 700 hectopascals from south to north of the province. This is mainly due to the distance from moisture
sources as well as the arrangement and height of the roughness of Sistan and Baluchestan province, which has
caused moisture trapping and prevented the transfer of sufficient moisture for the occurrence of torrential rains.
In the second model, the amount of moisture reduction from south to north is less, which indicates the activity of
the Arabian Sea high pressure and the power of this high pressure in moisture transfer. In general, with
increasing altitude towards the northern regions, mainly rainfall systems have lost their moisture and unevenness
has prevented the proper distribution of moisture in the province.

Conclusion: In southeastern Iran, the spatial distribution of precipitation is strongly influenced by the
proximity to the sea and the location of the topographic features. Upper air levels turbulences are the most
common cause of air mass rise. The main factor in reducing heavy rainfalls in northern areas of Sistan and
Baluchestan is the lack of sufficient water vapor to reach these areas. Extreme rainfall is more likely to occur in
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spring than in summer due to the appropriate thermal gradient in southeastern Iran. Finally, the results of the
study showed that the possibility of precipitation in spring compared to summer due to the appropriate
temperature gradient in southeastern Iran and the activity of Siberian and Northern European high pressure, the
conditions for fronting in these areas are provided. Since the humidity of the southern oceans through
atmospheric rivers has been effective in the occurrence of heavy rainfall in southeastern Iran, rising temperatures
in the southern oceans due to global warming can strengthen moisture flows in the future and from this route to
affect the intensity of rainfall in southeastern Iran.
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