FO8 -F8Y dondo (\WAS Ol ¥ o led (FY 095 (Lad 9 ) S 5ud

s Ay e Sad; 5l Golysl #lgel) Ol oS 7l gl (5,8 S5 o
Ol 31 56 (CAT) Blo (sl bYW

Topem Sl pladl 5" ey 6,81 e a7 508 ol

Ol el s oy o] ST oLl o peslisilpn 05, ol 157,
Ol sl oSl gl Ao i (G 18 09, wleca] ¥
Ol el ol o Mo] ST AL sy Lo 09,5 bslics] ¥

QOB+ a5 oy ABITIY 2l o)

oS>

&) oy BB (pen sl Sl e 45 ol g2 3 & Cusl uliecSasS (Wb (o5 (CAT) Glo lgn obY
o) s ool oSS b olidiaplee (sl Siidl Glo (glon wboDb sy > ol Jolse dles 51 am2 0
bolyon (lajy (VAV=V o 2) allo s 693 <S4 53 pliwnnsS gl (65 IS5 (Bldlsn Lalpd @ 425 L dlie cpl
SRS ISE g s9a> 13905 a0 335 g )8l Sl qw)p b g 03] (eSS (g0 )ST) slaogSatd) 18 (s 250
sobaie & WRFE o g 3l oolizal b sl ]Sy pobiyman ol 005 ool clisebo] a5 3,90 slae) 5 J glsel
Sl padls lyie 4 GLalS (gl d3e Coles 53l 01D o) 5 Al zge (6 S S Bagae (3L
BIS5 6 Ll b 3 (5 s &t | s el i ] A5 o3 5 05 amabne il (sl b0
B> 5 83ga50 50 b gS zlael (6,5 JKd Jloin sl ool cowd 4 +/V-V/Y (%) B3got0 4D Ay y9oe ) J zge
w5 lis ) Jlasis! 4y g o adllae () oo gl S0 1wl 0dgy iy liwe Juad YTV B Y-V sl b
o 3l o 5 £lis) b sles ordas iy < ISl 535 50+ oo 13 4 WUTC el )3y €3 b Lagiod o |

2,8

2zl S S5 55 Ol 5 b s il 5l
APV O3 A% o) syl s YU slajl s
(b Ohen 5 bss 9848 OLSKa 5 Ly,
S Jolse S Kon (S 5 036 g b el
22 S RIE G g Llg e S Sl 2

OO b5 S 5p) das 55 Sl SN
33 Ysmmn 5 iz 1S 2hal ¢35 51 Ol S 1l
6 gl N oaliie e i s s
Glgp Wb s 5 WS W6 L sy e
53 OFF OLr 5 W5B) Lyls (CAT) Cslo
4 LS (55,5 & Oln S el (6,8 IS
53 JUST 650 slRe 5 n Jlesl g 4058 A
Aly s (V ety T Er LSl ol e sy
T s (6 Spse 4 (GBI BS OT 53 & mlaw
Gl ol Sllas ((VAAY (D) 548 0 Jaze

dodds N

ST o5 8 V.L)’L s le gl V.EBL
ol sl 5 ey B Sl 5 5o 58k 0y
S 5 B B er Sl 5050 4 e
)b Lud b Cans bl rb)b’ o) .:ﬁfdn
4 G pdlo,e Dldw Ll g o Odiiodss [s 4
Jolse LS 5505 5la s b s slanlen 55 Ol las
S50 (CAT) Ol lm Wb (6,8 IS s ol
QY (Kbl 5 o510) ol e alex I dizs
Sl e g ol Cor (Tl izl
b KaisT s F3e Jalse 51.0AVF G ax)
L () glsel Oged) @lse 5l Jols SIS £l
Tl S 5 s Shhen Sl ol SIS £l
(ias 5 i) ol o dials 51531 31 SIS
KAEEL WRIPCOUSPIINT P

glol s pli)l L lp J&s 2ol 4 e L

bahareh.kalantari@yahoo.com

:Ja;.l) o..\i)lilé5



VA5 Oluwli oY oyled F¥ 049 5\.{:}:5;,’0} Q,; fav

OLSas 5 SO Sl 555 n ealizal 56 ()
(VAAF

bodaly o Sl g Sl bl )
ST Al das o b wolysl 2ol 8 IS
bl S il b e 4 Sl el
0> e oomb sl ps mée ol sdasplis
Tlsel 65 IS OG5 o35 YU slajl 3 b awslis
OLer 5 sl (08F8 (5, Sul) syl ey
By Y s oK s Ll olis s (WWAP)
el @YU Y S i (ol AY )3 ) Sl by
S o S oS JSE IOk L

e ™)

N QT BL 4§ 03 g ))}g.w‘ Jiﬁbli dj’u (V) :\bb
.Cm‘d)juw.;\sjé
auigpcf&_s\jt,,ui.ﬂ\,ut,gmav)w;
595 Olea 53 skew-t lagai b 5 awsloes (I = 50)
23 Sl skew-t Hlased 4 ax g L oS awlis
B Gl 50y YL bl mie s oml slasls
b cnl s g 4Bl 2l Lol b s o8l il
Wl s s Sl Slylebl
i 3 g 03 b4 S e bl s
S35 3 g sz OS5 I sl (58 S
.@b;}.\.«i&av\;cv\.{@“om;

U
Fr=— ()

NH
4 U)oyl ke o S il 53 355 e
H 5 ol w\sﬁ N) cwl G‘Jf T ey
b 585 oS Cod ol ST (el 4 gl
Tlol S8 UK 5 e e O BL Y L (g5l
(\QQ' ¢Q|)jb) .3)|.3 ’j’.’ﬁé
S 25,0 sde Gl s o}fu}? Sl s
BE (\QVQ)&jEA{@\ u\>|) )‘.La.n )‘ qu.u
SMis & L) D ol 4 250 gode Aallas
gl S5 @ s B 55k 4055 sae Sl
sl 234 63,15 Sy 43 L 6587 (305 oo
X p Nl Jgii' L.@..:_ ULAK) a; Z'LL'{)\ cals

plil I glel sl s 4SS (36 L &S 051l
Gb 0V Jie b 4wl a8 S
B Ver Gy 4 slaabie js dly (slags S o)l
W56 5L (K al STy sloesS S5 kS Yoo
03,8 EAE N0 (o) basous 53 1y 4SS
S ol ad g ow gt Slie 53 (V449) 5y
BV0 (55) o) e 25 6 o 1, 4S5 6
5 5w Olalas b sb s (ol o] G 4 )
5 ShMalie LG S6 Ll lie (V43A) oI5,
035 (535) NG I iy 5 g 53 0k (S

Sl Cwdyle 5Ll il
2 1
D =—p0w="2=2kphU3((3) -k ()

5¢Mtcuﬁ.x>|,ﬁ4;\§svsu,mq,u\ bl
S AW s U J&s e py 0T o
o o edd Jlesl 65,0 Fy ool vjléjuﬁél claad 0
N 5o ¢lisylhg gz snste K cobr S g0 Jau g
el e sk s U s s g5l uilS 3

2 (S gl ol gloel Slio s o 2 51 (SO
ol 28 o Spe WOT e dsb e
om ol zlael 2 sk 828 cCaliee Sl
Cd  fashS Yo B0 o i 5 kS Ve B V/A
L oS s o 0L Slallls oles Lo, ol ool
5 ™) b RPN P e sk il )
QY ol

(Slr S Gble 5) 48 8 plnil Slallae bl
SIS 5 b L ol il bk b
) S e Sl a g el B s y4s Ol ST sl
)9 Al 5 gee ot 4y Cod 5 Y glialy s L
5B S i iy Glae ST gl 0l s Y
s Sosp oo Y edal SU N0 I i deag gl
A s sl sl e el o8 ol
NAVF (oS VA0F () Asl azils 5
oo P (V8AY (usla 1840 (Ol e VAVY (e
I ot Sl LSS Ve« kil



fav e S5 sl s iy 518 1 (olysl ) gol) Bt 587 ) g0l (6 S IS (g

FR9F A9y 9 adais (aosls Y

B Yoy ladle bly gides glaadd 311l s
55 odd ag siS wlisles Olojle I &S YHNY
C‘}a‘ Lol e slajg,y oL (sl skew-t (glayls gl
55 0slizal 350 (Slaesls ol okd o3lizul Ol 587
Je slzl 5 5 o bW 5 e sl byl dls
(Global Forecast _glg= slesls cllas ol 5> WRF
Wl 530 ¢SS 4> 5 L GFS System)

i 53 4 Oln S gl 6,8 IS8 Bl s b
A5 oy el s G b ol prad s &y 4o
ol bl andlas gl o 515 glaoSans, s
Tl S UK p53 5 dsl Jasl b e (STt Tl
Slidor (2ly LAl b Co s o (S
GYoye gladle b ISl oS der sVer glajl 5
Cle s Ol syge Yo sgds 5 ey p YO
MCL&:)WLAJG@; (ol gl 5 ol Sl
or B (S5 5s bl bl s ) S 1 (ol s
s @l am e b s sl LS
skew-t sl lsges 3 camb ol 53 oawl 549
i osliel sy Yool s Ol bl el
okl Lyl a5 iy Oleabl s 6 (romen
sl VSLS ij.a cbdﬂ GFS (lresls I eslawal L
B L R N !
3 058 clas V':E OQ:lJfQ@}SQ}Mﬁ)GrADS
wllas gl 5y50 0 Blg Lkd Olsl Fewla
dole 0590l s 4 8 () pda) ws Ol
233,500 8 55 S 05 palie 5 o) 5 g il
@ 5 A Al ) e 42550 &S s
@b 5 (IS Do 4 s Glesl 55 5,50 0
D9 oo 03,591

s L;’ll BE e.\..fa;')lﬁr.ﬂl T b e\,».b éuj}) A d}.\?

ol Ol gla g

ARAKVAR7AN 4

ARRRVAR VAR

\BNA R

YAY/0 Y/ A

ARRAVAA VAR

oY) 3,5 068 sb 4y iy s oL 653\)(.5151&5»
AOY o,
U S Dgmsylony sde Lasla l dle ol s
bn S 2l gol 51 (B0 bYW s (51 (F Eslae)
Wlae b ol edd eslisal Glysl g1
2 Slo @lsr (B (55, Olpl diate s ‘c_;,f(.t,,;l
23 ey Olo gl (Y QLS 515 bl
Sde asld 3 gdoee g 0ols & Ole s Ol Juob
Syt e y3 s S B3 b S S 0 g sl
o (g B Crad) Sus b Ol slsn er
03 s (LAd U bwge A gl g 0 /F0 /A
Jie ©lp) Sl ol s & +/4-Y/D 53 guoee
4 Ogwd)lmy sde (\WAD OLKea 5 il
Db A 5 ) e

g.,00
Ri - 6(62)(6_2a 2
52) +&)
Loagrlse Sl s eode e Sladlas jiis 33
©Y 5l a8 5 S 8 R)) 0wl y 340 55 CAT
55 R LK 5 o) Sl eleT s
(Y000 O,

(9]

A3 n DL 1ol @36 i 4 ool Lol F b
g OT 3548 Sl GUsI T &g slom y 3 o e S
o g 3V 5 U ¢ il les O 11T St

Al 3l bl
@l (bW Lty 53 o5 Slllee 05505 Jds o
2l el s ol B8 el Ol s Ol
on 5 3 Akl H ey ol piy S
L addlas ol 0T bl Ok S 2laal SISG
PS5 GheSws, ¢85 IS 3l S
lasl 5 Sl (B0 s —0f e S)sen
Sl e o8 S g o8 Al p
Wb sy Jlil y Olen S 2l (58 IS
ol 03 el delis 4t opl 53 (CAT) Gileo (sl sa
lre STai,y s CB\) s gads s A candlls
os 4 S L 55 anllan 340 dabie Ol i 4 ¢ S5

ol



VA8 Ol oF 0 yLh FY 0,95 cLab 5 cpn) Ky jud faf

VSE s & boles 4 | ol
9 0>y e Yoo a; j‘i"i Cw‘)l ‘b}fbu.a odalie

@b}m\"
oSl byl 955 3de dloes (gl candllas pl 53
S Oken ST ) Sl s sme op Gl
okd oslizal ¥ 5 ¥ (lad g b 5 o 5 4 colysly 1l
el Olgie 4 O gwsylom ) sde dnle (6l .l
ol 85 4 F s s Olo slpr (BN (sl

|
Ja, UTC cele lp b sy Slls
VWYUTC sl gl 5 Y Jod 5o Yo NN ;J};rg
S S8 0ka Sl sdd esygl Y Jsde s
354 sde Hldae lajls zée 3 54d e edalis
3N e o5 OS5 03y in ) Gleu e
S olysl el 6, JSE 5 i sy U5 )

el

4000m-
3500m
3000m-

2500m-

Lo glol ool bolon slajs, OBl 51y
5 55wl byl dewlows 4 GFS (glaosls i oslizal
O L TR

S Ay b awals 4w s dlis ol 53 WRF Ju
S eslizal L oSl oks Tl e kS0 5 VO (FO
S d s L o5 asls ;3> WRF Jue 5 >
555 031305 (gl adate 53 I 1 ST km
0 3 dmlme (mge Job duloe 5 g 7 se Sl
525 Ol 58 4 0 ) lom ) 3o Al b s LS
&QMU@QOT@L&»}JQ@;AVJ:W@J{
S Lg\.ar]a)‘b“ Ol bl ys aul O ) ddate s
oy Jeel a alsl &S T s 4 esls
=S

B Vo slajly 5o Ol pled Sl S5 0LLE
S g b G 5 S bt S5 s (Kl S Y
35y » 53 WUTC 5 ++UTC sl 53 45 5055
o Bl ) bl el 438 ol

S G 5 (e 2500) sl bl ¢l

.gidmch.ﬂ,m;\jém}smug Us 33 Spime N S

TN &5 0S5, 00UTC sl 53 0lin 58 zlsel sla ey 5 @b (sla sl 3d alone slin ¥ g

P (hPa) Fr 1> (km?)
vo- Y #/Y ¥/
Yoo ¥ Y/F) Y/FO
58 oy /A VY
P VA Y \F
80 \IY Y <IN
oo v Y VY
£ \/¥ /o4 Y8
foo \/F /44 Y/A-
¥o- Y e Y/Y$
r.. Y/Y R \IZY




tas e S oo g iy 318 1 (olig2l 1 5a) Ot 88 1l (6 S S g

AKAN Qi)}éf,.ii)‘})\YUTC C»:—L.«);ijsclyl 5&»}:‘\)\;1}?14)&5 e yastls shiaule 55lie .\'d‘g..\?

P (hPa) Fr 1> (km™) R;
Yo- ¥ Y/ Wias
Yoo s /9 "
0+ Y, ¥ +/94
P A Y8 Y/¥5
80+ Ve X YA
Be- \/Y JNE Yo
£0- VA g YV
oo /0 A /A9
ro- Y/ JF ¥/
Yoo V) Ay ¥

Ol pl dakis 55 ol (gl en VLBU Sl Ogwsylow
Ogmdylomy sde olie d(VWAD (OSKen 5 Lider )
sasOlis a5 o3 YO U /Y Wl 5 i o
g5 Sl (o g B L) ol b CAT 65 gd>es
4 Wl VYUTC Cele 5 JSul oSa Ve s b o
4{4?)31{45‘.._:“.& Y O g ylom y dde BT Cows
5 o) A8 Oldlls 53 ol s @ 55 9des
Ss b e pl 53 e3lag, Wb (1YAD OL K

el (Ll G Lo g2

350
450
550
650

P (hpa)

750

Cu:,lu.,,,i.»\ J PR e S PURE I S CO-T
S Hboka Ll ol ) Cele g a gl
,agﬁ\ftw)w,,;.ﬂt,w,g;ﬁ@mm
sboay Sy S 3 J sl S USs  Se

el 0 S
23 Ogmdylomy 3de ¥ 5 Y gladsds 5T 0w o
S 5 03y YO I S Hldie ghyls W)l mi
O Olen S lpal gl s a1y o bBe S

R dal w4 2ol jleslaal b das

350
450
550
650
750

P (hpa)

||III.'II =

|

(ndl} F(!(zl"n“]

=
(m]

0.5

1.0

1.5 2.0 2.5

(@) 12(km?)

AYUTC (©) 5+ UTC () sl 53 Y1) 8558 oS0 555 03 il b o ouSl il ol Sl ped Y s



AFAS Olisli oF o ledd (FW 0,93 (Lid g oy K 5d fas

bais jl Jol o6 Jsb et Olinn 87

ol Cewd @ V/4 km S9d> 3 j9y u—l' BE] &\;\}

Wl

W UTC csle SIVYUTC csle s il ol Sl

bl g annl e 55 Y K 4 Sl Slaas
3 1) GRS i WYUTC Cele js 4,580l

E) oals Olis « +UTC cel

bawlee 53 ol oy

da.ﬁsch.u@‘jwcydﬁfd&&mpjbj

Ol 1y S s

UK il sles

C,&Lﬂ).sd.;uii:}?): Les QQ;bfs\f\g as e

4>.r.:':4. DL ! «UTC

el I S VYUTC

OlFr byl 5o il o S Cela 1l 53 IL
Db S lal (68 K8 53 ML e 23 &

DJJ&M\:)-L;‘)

b~ v AN N
LY )
\ \'\ Vo

-

(L)
Jein o \ -—
5 v -
33m - ‘ . '..
< A
= a0 N \\' “\ 120
> N . N . i
s R ' b 30
A E b - w &0
2= ~ - i
TR W * ,
"
= \ - "\ -\ - : |
. N ¥ o
s o »
. oy . e
um| oy A4 o
I-'-"'.-_ Y LY
s ] ¥ w ™ ;_‘ LF
y ; * it de,
soc] Wank e T
an ) “
SSE W HE B BN 1'; S 53 2 X NN N MM M g

)

Jto s 3 ol (1075871 Ll 1 ST sleasss . K3
Colu 3 TN &g oSG 5, L ISl ga 00 CIMﬁWRF

MUTC (o) 5+ UTC ()

P el sl 6 i mhaw ¥ S
Cydlfdw slasolis oS ol U:Z.LSL;l:élfi?
Ly Us A 3T 5 ol Cole gs ol s a8 F S
Ol e glael ol ST ol st Olye
Sl L ety b S ST bokes e e
2 pepasa i 5l dn ity gl (36 OLsIS
CaSs s 5wl 2l 58 gl VYUTC sl
okl ol (sl gn rJa)\S skl 5 onl Cow 4 gl

!

feta cross—seciion
»p= — ——
& 8 _=-.=~.\--
e )N p—
e o I ik
[l s
O
= e y
", e ¥ I
P b ¥,
[ '- "o 0
e L sl
- S, f >
L7 —_ &
" . T
T, J:.:"
b= L MRSy nf
L &r HAE ar S4E ar L g nr an ar
(Al
teta cross—-seclion
=ttt A
& A —dhi > i
£ l| J t
1
. | e, o
s \ s
i’ See—
.
L
B
g 3 "

()

53 U dls Ll s 5 e s il gles fuclmc]a.wf‘ds.:
AYUTC () 5+ UTC () cola 53 Y20 558 oS 5

s sap sl B LIS Gl )
JKo 6 e sb db o s e 651
o3litel b o dlie ol 55 S o Jus dduals,
5 4l 4 0 km &SS5 L WRF Jobs (55
Us &5 gLl b dobes plis,l 55 Sl !5 -y
sdalie ¥ S 55 &S jsbOlen .Sl ol wsls

C‘}A\ J}.é} Jald Uy s Z))J}u BE] '3-5"&@



fav

S boles Aasor ) ol JRll ol Co
Sl e sk s sl GBI e
b sty ils 5 ol Ol S 50 (5,8 IS
ki 83 ol e oled s o SRl 1) Ol (gln
ml el S bl 5 K slaiss Gl
ol 0313 OLEI F 5 0 Sla i 55 5,050 opl dad a5

!l
L Ol (glsn o bW sz ) Jlazm1 0 S 4 a5 b

S UTC ol s 1daw g0 U Loty ol

3
Foe FO Ver Gladl oy i g e e VY Lol
23 el osls £ Sl sSa Fov 5 00 b0
C_,&Lw DL ol ;3 QM‘{&}M‘\{&)%
& ISl Sa F0r 580 slajl 5 5 i VYUTC

RGO PR EY
Slisy Slads sl Jlezl 55 7SS Hla el o
l; ,k.w‘,.';c)) R LJ Q}..v.))l.?ﬁ_) dde wLﬂ‘ B r.]ﬁw
035 YO+ 500 (Frov (FOr glajl 5 ys i (Ld

el

e e 15 sloe S35 319 1 (ol 3l 1 gal) Ol 55" 2 gl 5,8 USE (o 1

S5 Bl W6 Js! s «& S, boles
BN sl sl Sale L5 o Ol ST g0 Lo
S oslizal L alSS Ll 5 Kke Hldie il Olo (sl s
23 @ly yeme 53 ) daly 5 WRF Jue (5 5
Voo Cawg 4 glaabie js 5 0 /V-V/Y (%) 33 gdoes
sl odeT s 4 +/V-F (%) 3550w 43 e gkS
olol s Slllas K5 5l ol ol b ans oyl
6»‘?‘,.» @ A S5 dedas jidw 4 &S 2

Syl

Syp0 0 Awlie 3l ol gl @\b A-v

oddianllas
03 ) dader 3 dlae pl js ek gwy p :)\‘,ﬁjii:
V dgde 1 aS sbolen (Sl ol 0T Y ise
BN 5 Oken ST mae b oolen Slajs, ey
Jead 5 i YANY LYY sbdle b Olo s
J@,:iﬁwﬂtflﬁ- ] odaT s 4 Ot

CaeSl s 4 5 4l il b 0bslE Ol

) o a N

4 B B BB E N [ |

) BEEI L IL o
750 700 650 600 550 500 450 400 350 300

AEAR] i\.ujéV&j})hﬂ&»é)uééu)‘\,?):QJMA)@);.,\;J»L‘!I!«.]a..dj,:»ljhé._a.bnq.,\.ﬁ;b.quél},arbw:1.L>‘)Qbé::|_x,-_7 .OJS..’&

m 00utc
B 12utc

—_—

Ok MNWEU O
L

.-..-.-.-...-...-I..-.-/
T | L L L

750 700 650 600 550 500 450 400 350 300

TN L5 o s olid e bl g s Dsenslam ) sde elud 5 s B s sme S b Ol (lgr (B sl Sl slias A S



AFAS Oliali oF o ladd (FW 0,93 (Lid g oy K 5d oA

@ @b Gb L 0n) cpede azble pl s esls &
S b (B sl ) Sl sl ezl codaT e
G Ly S L r.b)?\a" O i (e g B (o
2 ekd S5l s b oand ol Sl kS
ol B Olge ) 3)ls Jlser 55 O anlllas
OYAD Ol 5

b S b Wb sl Slas Jle o i
Voo olis glajl s s UTC Cslo s (dawga &
23 2w WUTC Cele s 5 JSuLsSa For
e Sl 03 JSl ga PO 5 P slajl
03 e (At b Jow gie) ol L V.b)b" slds ) Jlea|
OOy g FrefOr Vor gl sy Cele g5 e
el 0o T s 4 Sl oS

Slsp (B iy 03 S5 Jelss i 8 LT )
aox D) bl o Bl s YL sl 5 Ol
te x5 5o (o YU lajl 5 Glaager dagy il o
5 SBE s 03 okl My Sdes o
$ln oW cardllan pl 53 bl ol 05 e i
ble Ll ools 55 55 o Fomly poke 53 Ole
Jﬁiaf:@«g%wﬁgéc\}n\dﬁ
SRIF O lse s el (San 5 5,8
4 gor dsb Al s Sl sladl s ol
G Wlge S 5 edd ollS ol e
Aol sl s Ol gl Wb 6,8 S
Db

2 B gl S5 sbat jleke] s 4 750 sb
PO e 3 5 YN &5 oSS S, gl 0 S
5 Sl 0l dwloue 20 olST1/4 :5..\>):Jl§..alw:§m
B s VG Sl s e b 2, (oo s
b
Jjbijam&Q)yujbgc}nii&SvSG)Li
a Voo KM Gy 4 gladlate 53 5 0 /N-V/F (%)
el 0deT s 4y +/V ¥ (%) oSl b

shist y ozt canlllas ol 51 IS (0,8 s K b
sdle s Olua S C\}»\ sl Sl s rJa)U

Wl 03 gy il Oline ) uzd 53 Yo V1YY

woams ol P50 JSKE g3 glaylsgel e awslis b
BY Céb bs &8 Gsgdoes o oS LT 0 s
Slop oW sl Jlaz (SN glaesSas,
b oD 51 a8 s (el 1 Jas ) D b Ol

sl (Lo 20 U Cared) ol

6 S s ¥

35 Al gbden slaaid jl eslizal L dlie ol s
L 5 skew-t lajlsges 35 5 YA B Yoy glala
Do SIS e bl g sl
A dakats 5> Old S 5o Lol jad SlaS s, cObn S
gl b 03 Gl 5,50 O (Gl A 05 e Us
4 w3 o GFS (slaesls 51 eslizal b cladl
Jpam Gl 355 3de 5 )5Sl bl Ao
Tl S IS 508 55 3 zam s S Olued
bl o sk 4y T 3 (D) sl
asolss e gl ol ST sleaiis
Wl 035 U3 U5 Lo )3 s ST 7 50 5,8 SIS
Job (zse 8K L dsls I ol s oles
5 @Sl stk 0 398 s Oy 3de (s
sl s s Slalles mB L oSl bl
32 8P Gy VY (D) 5505 Sl en Ol S
Whhss ¥AY O 5 W56 O8N (S,
il Ll s Ose LIS G Ol 5 (V44
Sbd S gl oadss 53 10kn S 0 6,8 IS
sy 9 —d Ol el 4 40die idw 53 4S— Coul
S o Gikedl b )00 ey 5o 1y Zlsel
Olse & 35 Oswaibmy dde day Doty estls
Clj.alj b Celeo s H’W&:‘*—‘;ﬁd‘j eole
O gwdylom 5 3de dnloes b .Gl a4y H8 4 Oliwn S
gloel Sl Sl SE Wb el als (Lol S
AU a0l ol et 15 2hy 3 Ok sS
Slo sl WbW (oS K8 Okea ST £l
Cwd 4 palas dulie b .l Us A5 dadats 55 (CAT)
Slallls s b 5L O gus s 3 (sl 0keT



a4 e S5 sl s iy 518 1 (olysl ) gol) Bt 587 ) g0l (6 S IS (g

zp Olslene 5 .o (S35 (Shes! sVl
S5 S oslizal b Obn s #lgal () TRV
Olpl 55855 dome (Gdagd s e
AANYY aois oY o led Al

OWt i cp 9T g camadl S o ¢ al6
(Srlys —(lden wlidlpe ST AYAY e
Ol =0l dsa 5 OT &l L]

g st 5 e a3l e T 1S sl 0
soo sl ol s s VA7
AO—100 (V)P (Lzb 5 s &S 50 Okr 58

Beau, I. and Bougeault, P., 1998, Assessment of
a gravity-wave drag parameterization with
PYREX data, Quart. J. Roy. Meteor. Soc.,
124, 1443-1464.

Brinkmann, W. A. R., 1974, strong downslope
winds at Boulder, Colorado. Mon. Vea.
Rev., 120, 502-592.

Broad, A., 1996, High-resolution numerical-
model integrations to validate gravity-wave
drag parameterization scheme: A case study,
Quart. J. Roy. Meteor Soc., 122,1625-1623.

Carlson, D., 1954, Meteorological problems in
forecasting mountain waves, Amer, Meteo
Soc., 35, 363-371.

Chambers, E., 1973, BOAC experience with
turbulence: AGA conference proceeding,
NATO, 140, 1-13.

Corby, G. A., 1957, Preliminary study of
atmospheric waves using radio sound data,
Quarl. J. R. Meteor. Soc., 83, 49-60.

Doyle, J. D., Shapiro, M. A., Jiang, Q. and
Bartels, D. L., 2005, Large-amplitude
mountain wave breaking over Greenland, J.
Atmos. Sci., 62, 3106-3126.

Durran, D. R., 1990, Mountain waves and
downslope winds, Ame. Met. Soc, 23.

Dutton, j. and Panofsky, H. A., 1970, Clear Air
Turbulence: A mystery may be unfolding,
Science, 167, 937-944.

Gill, A. E., 1982, Atmosphere- Ocean
Dynamics, Academic Press, 1-662.

Hines, C. O., 1960, Internal atmospheric gravity
waves at ionospheric heights, Can. J. Phys.,
38, 1441-1481.

Hopkins, R. H., 1977, Forecasting techniques of
clear-air turbulence including that associated
with mountain waves, WMO Tech. Note,
155, 31.

Jiang, Q. and Doyle, J. D., 2004, Gravity wave
breaking over the central Alps: Role of
complex terrain, J. Atmos. Sci., 61, 2249—
2266.

Koch, S. E., Brian, D. J.,, Lu, C., Smith, T,
Tollerud, E. 1., Girz, C., Wang, N., Lane, T.,
Shapiro, M., Parrish, D. and Cooper, O.,

b Lbwge Odd L r.b)&? sl Jlaz! cpiomen
D clz» 3 5 12UTC cele s hdd
4 A6 Lol L dolee ol 55 m JSul 58

el 6l bl K 3 e s Rt b

&lr
AYAD o «@l3Ts p (B o (il
Moy 4 0121 53 Sl (sTsn @b (63, 50 anlllae
N UNCIESTERE rb)b’ S el &
AONY Y s s e SO

2005, Turbulence and gravity waves in an
upper-level front, J. Atmos. Sci., 62, 3885-
3908.

Lane, T. P., Doyle, J. D., Plougonven, R.,
Shapiro, M. A. and Sharman, R. D., 2004,
Observations and numerical simulations of
inertia-gravity =~ waves and  shearing
instabilities in the vicinity of a jet stream, J.
Atmos. Sci., 61.

Lane, T. P, Doyle, J. D., Sharman, R. D.,
Shapiro, M. A. and Watson, C. D., 2009,
Statistics and dynamics of aircraft
encounters of turbulence over Greenland,
Mon. Wea. Rev., 137, 2687-2702.

Lee. D. R, Stull, C. R. S. and Irvine, M. W. S.,
1984, Clear Air Turbulence forecasting
techniques.

Lilly, D. K. and Klemp, J. B., 1979, The effects
of terrain shape on non-linear Hydrostatic
mountain waves, J. Fluid Mech. 95, 241.

Lilly, D. K., 1971, Observations of mountain
induced turbulence, J. Geophys. Res. 76,
6585-6588.

Lindzen, R. S., 1967, Thermally driven diurnal
tide in the atmosphere, Quart. J. Roy.
Meteor. Soc., 93, 18-42.

Prusa, J. M., Smolarkiewicz, P. K. and Garcia
R. R., 1996, Propagation and breaking at
high altitudes of gravity waves excited by
tropospheric forcing, J. Atmos. Sci., 53,
2186-2216.

Scorer, R. S., 1949, Theory of waves in the Lee
of Mountain, Q. J. Roy, Meteor. Soc., 75,
41-56.

Shutts, G., 1997, Operational Lee wave
forecasting, Meteorol. Appl., 4, 23-35.

Smith, R. B., 1977, The steepening of
hydrostatic mountain waves, J. Atmos. Sci.,
34,363-371.

Vanzandt, T. E. and Fritts, D. C., 1989, A
theory of enhanced saturation of the gravity
wave spectrum due to increases in
atmospheric stability, Pure Appl. Geophys.,
130, 399-420.



Journal of the Earth and Space Physics, VVol. 43, No. 2, Summer 2017, P. 15

Study of the Lee waves formation over Zagros Mountain and its influences
on Clear Air Turbulence (CAT)

Kaantari, B.Y", Aliakbari-Bidokhti, A.2and Mobarak-Hosn, E.2

1. M.Sc., Islamic Azad University, North Tehran Branch, Iran
2. Professor, Department of Space Physics, Institute of Geophysics, University of Tehran, Iran
3. Assistant Professor, Islamic Azad University, Ahvaz Branch, Iran

(Received: 26 Apr 2016, Accepted: 24 Jan 2017)

Summary

Clear Air Turbulence (CAT) refers to a micro scale turbulence which normally
happens in upper troposphere and lower stratosphere when there is neither cloud in the
sky nor any significant convective activities. The turbulence intensity is from low to
sever and due to invisibility; it can cause irreparable damage to passengersin flights.
Many factors are effective in formation of clear air turbulence, including: wind shear,
the waves, the tropopause, jet streams, the high level fronts, perturbations and
breaking of the gravity waves caused by obstacles (such as Lee waves) or gravity
waves caused by convection.

As stated, perturbations of micro-scale to meso-scale Lee waves are among the main
factors in development of CAT. According to many studies which were done in
mountainous areas throughout the world, mountain waves may form when any of these
specific meteorological conditions happens: 1-The wind blows to the peak of the
mountain in direction of 30° to perpendicular line; 2- The wind speed for the high
mountains and hills is more than 30 and 15 knots, respectively; and 3- The stability
around the peak is much greater than other levels of atmosphere. These conditions are
used as some techniques for prediction of clear air turbulence associated with the
mountain waves.

To the best of our knowledge, few studies on occurrence of clear air turbulencein Iran
have been done. Hence, according to the necessity of knowing much more about this
phenomenon in Iran and considering the influences of mountain waves on flights over
country, we have conducted this study for Zagros Mountains. The position of Zagros
Mountainsis a north-west to south-east over west of Iran. Prevailing windsin this area
are from the west and south-west. Therefore, the formation of mountain waves and the
chance of occurrence Clear Air Turbulence is favourable in this area. In this paper, the
Dena peak as the highest peak in Zagros Mountainsis considered as the study area.
According to the mentioned meteorological conditions of the Lee wave formation, the
days with Lee waves over Zagros Mountain is estimated for a period of 3 years from
2010 to 2012 using the actual maps and SKEW-T diagrams. The formation of Lee
waves in the studied days is double checked by considering the Scorer Parameter and
dimensionless Froude number. Furthermore, in order to indicate the range of wave
formation, horizontal divergence is calculated and plotted using the WRF model
output. Finally, the gradient Richardson number is calculated as an index for the CAT
occurrence. Based on these results, the verticad momentum flux of Lee wave in the

ridge axis is obtained typically in the range of 0.1—7.3(%). In addition, the turbulence

caused by the presence of the mountain waves is well indicated by Richardson
number. The probability of the mountain wave formation in the Dena peak region
during the 2010-2012 is higher in winter. We have also shown that the probability of
turbulence occurrence with “moderate to severe” intensity in both 00 and 12UTC can
happen in 550, 600, 650, 700hPa levels. Furthermore, turbulence with the same
intensity occurred mostly at 12UTC in 650hPa level which is equal to just above the
height of the Dena peak.
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