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. Universal Time Coordinate
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. Meteo- sat Visible and Infrared Imager

.Liuand Lin

. ARPEG(Action de Recherche Petite Echelle Grande Echelle)
.HYSPLIT

. National Oceanic and Atmospheric Administration

~N o ok, wWwN e



v e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

ST (glo lgple ygbuai Meteo sat-7 s lgale ot (bl
NS S 93,5 My

oo I S (RPN o ST
% 4.[ D S8 s Jatcrleg ]
'l SWou¥T JU! g sy Jao H %\'{ud""]

_,[ onsbiailod b o laoals ]

th))l.mé J:wbsi)&w)' » 9‘)’-’-“')@5"‘3 )a 9&)5‘““’3b0,'\ﬁ‘° 4{,},9{” .‘LJSCI)_*;“,!
- 85U 3,1l clag) 5 ‘s)u'd b)'.ﬁuw' dlb)'b.'v' ‘5,1..33 D)L\.;b'.w‘ du)b}' JuE g O 51

3
W9y s
Jubg3)5 Lol por
—
,‘ Sy giaw (b ] SheshiByyGel \
‘ g (DAL g Lsgd,5
] 92
4.| =W <

adllhe (owlid yig) (slod Nig; .Y JSud

Gudos bl
Dy 4555 () cgolas Jpi 2i9md sl) 1935 s Ty 0 ) oSl b STogo,5 b olyen (slagy & 5
i il sla i 5 Sl0,S oty 315, 4 bgye oslitln (slasll ccanl 435 16 il 13l 3,
i oy it (olo p 03 9d0) liasli (slaole ;5 &S dad o oyl Calisee (glaole jd (o pe 5 Cyegin 03i94y)
48 S90S 2y sladeia aShl 4 g LV oslad Joia diged sln) Cusl o ()55 )Le g5 23,
0B 6 o5 1) (ol 5 35 s (g dlozl) 5948 ) (50358 3blia (Sibar 5 0 pbogin g o blio ]
s (9o b 5B O gl bl oo |y (Vg Cdlua g 4LB (65009 ik clind o
2 aS ydn 5800k 4 g b el plasl Ao Slg e ond oL (Sle Cdel (g9 3oy @D g 00,8 Cuiing



WY 5l dAY (olo) ¥ (o ,lond ormb SLS1 i g3 YA
it gl )3 5Legd )5 b olyer glajg, dluxi Egorne Y Jga

M Jls A | A JW | ADJW | AFJl | AV Jle | AY Jle | M) JW 3w pend
Vo) Yoy A ¥- L Y- v Yo olisla,S
A WY A Y av ¥ Y Vo yuslg,
VY VoY Voo Al vy Y- 0 W oled by
A¥ \oy ) vy oy ¥ of YA SUT oMl
WA Y24 VFo 0 A 5 aA v iy
WY 33 ¥ v¥ \i2 *xx falala oy Oy b
vy af 00 A Ve 5 Yy Vo LS i
M AY \i2 % Fxk Hkk A Fkk Oy NS

(olisle S il puwlislon S (o)) cansl 0315 395 Line 4 ¥ oM

(6Uislo 55 ylimo! _ouwliailon S (50,151) YFAA Jlw cilises (clole 13 JUégd,5 L ol poid o g, Slins £gaie .V Jgia

Zox | Wil | goge | 63 | B | LT | e | gsrstesd | Spe | g | S105 | Cudligeayl | (3295958 | (obiuw et
vy |os ) ) y | ¥ \ A | YE | A Ve ). oliile S
A ) \l ol ¥ | o5 Y (Y R AN IR Y Ve % yuly,
WY [ OA ¥ Y| Y| o | v 1\ AR I N I Vo VF Sy
AY ¥ ) 0 Ve YE | YA A A AP
wa | oo A YO W || A 1\’ YOl YS W Y V5 Jyiiets
WY | s ¥ | o5 1\ oy oy VF \o 92 oD
vy ¥ ¥ Y WOl |y A A o bS i
M ) ) YooY \ Wy | o ye 5 CEAS

U e 1y 1555 ol VA 1 i a5 0b &5 s 55y 5 Alime (5,5 5 g g WA oloy

Slsn ‘_;.59_!1 kil [adls &S glaigS e cunl 0dgs ddlw o dl;,o alys L;oJQY] ol (0590 g MG (oS

) 39290 solal el ol o & Jlo )3 cdaasy Y5+ 0 (V52 o22) 15 VY g 53 3o 3 51 L s
el 0397 (VAR CawsST ¥+) YWVA 310 Y& g 5 Yo0 el 15 ol i, oyt (358 b VWYA Lo




\AS e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

Yool ¥ olo b dicle dw Jloj o5 U JLégd 5 syd glaslas ) slaws .Y JSUS

2955 oolidlyn plosls gite

ol 5l s Lo L (yioghS ¥ 51 j208 81 5 o placdlo) oyl g0, 3l 51 4l (sl o
(S (oLl S il (olitln (sLamolSiuy) adllas 350 (saige sloolianl )5 sisw il -5 1)

ol 3] gl Sl )3 (Y goyland JS5) dyais S1B40,5 L ol e (glajgy doluwy pSouia il58l

JUE 93,5 Uolsod g5y dlass

Jl

oliiloyS cwlindlgr JS (50,131 (sbaoald (wlw! y (yeghS ¥ 51 sioS 43d) s L 93,5 b olped (gbdjg, Sluwi Y IS



P 5l dAY (b)) ¥ 50 lond (b sldl 2 slaiags Ae

Sl e e il (cla sy o o 1Slg b1 ogMle Wl oo lega ) o g i ol
S S o yaan (i Egdge Cianl 4 4393 b ol plo 99 Hleddr sty ol 1Sl Cov Claes oDl
s, als g S ol pY sl Kal,y 355l 3 e i Llg5 o ol g5 cladaiis slulis 3 SBg> S

gdie wl) ol pll sl (o) 5 o Al ol 3 45 Sl oy

lro O C8 o s 5 glo,lgnlo y19lai ¢ LS 5lagSl
o L lod S (5l )L (0000UTC) plea dylstisl jao cucler (Vo2 po3 jo) (o) dhaw (sl
2 35 kiS50 (F (oosless JS3) 29500 0123 () i S0 53 s 30 Jlibon b | sty S5
by 33 sl 005 01287 4S5 g g Ay 35 B ] (gl &S 0ad Aty Sl Voo S0 b 3lhe Jlod
ol Jled 3l 3blo pl )3 (alo)S LideS cisi Solp o 4l ials baylis olpl (o) os 5 (205 Jly
lmlolas ol s o 1 29 oo 03 535 sy g ol (sl (g9 Ly sloailobo ,LiseS (claailolus
s 1y ases lioe Laulpd col (¥ o)l ) sl oad ool (slalas Mo LB (5)Lid g0 )LideS 5 )L
VPF sy L ol)leS 5550 gy ol JSaslysisn AB < 5155 5 05l S92 (e s )3 3 sy Sl
Jlamd (59 31 gl oS sails (¥ goylod JS5) 298 50 02> sty Joloo ©jgoty oy ds Jlad )¢5 yel5>
b > (S0) el yp seilobs 93 (s 3 L)l 5ailj ol g 00 00iS 4S5 0y U 3lye 9 o)l s
el a3 )3 5108 (ol s dled g 55 lsd oy ol sb)d G I 2Bl gaily 6 9 Ew b2
L o oS (o5 cymmrlais) 4500 Jlasd B oyl zulss Jlas 51 4 — ogb ygome 43T cimnl bl st
Slo gl ol (gilse GaleS - oud 0pdS (o] e Ala) )35 o9 B ok gl Jlod Jl &S - Aty jome
WS Byb Cromw A 420 V0 (slod b S lgn D9 g Cunl Glie Jlod 3 (g 423 Ve gled b p)S
Cye jl Bu (el ¥Y e ap b gl b Jue Yoo 515 0 el ons gl oo (S5 1 (oled gud dlo)
5 Gls 0f )l g Qliys 350 B g3l VN el saily g 48,5 )0 1) liwnye 2 Jled 9 w0 sbyd
(0 so)louts JS) ol s (nl g 45 5 c3lye (595 3 (S Sl g ol 04D 04IS 4 p9 i
o Sy oyt adenjl (il (o isy oyl i &)l salels ((JSuligSe B gadl )
aB)S pp |y pliys (258 9 S5 0 i 5 CosS Olpl Creogn g 0pf (Bl S e Wlinde Grioge
et (698 pizmen il (65550 sl 5 Lg)l gz ) (218 (glol (B (g0 led JS5)

Wl 04 03058 (3lye CyE g A ygm Jlod Cuouwds 4S5 S p0 1 a5 umd o (LS 1) Auns 7 g



A

e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

A+ 515 (amilygi £ )l gl 1om b (SadE 5 5L ke s 2 b3 el ) LS slaylane YL gl . JSus
Ye+rQ/VIY 39, 0000UTC Celw g byt po (wgmmdinr (542 3 o 53 Lod g 508D s 39 (65b Juo



P 5l dAY (b)) ¥ 50 lond (b sldl 2 slaiags AY

Sl Voo 5155 (wgmmbes (642 53 s 1) Lod g (oD o 1) (daunniliy 95 EWS,1 gl lane OIS
YeoQ/vIY 39y 0000UTC cslw LY b,.g,p (Q?-‘il" LS““J‘) ts)l‘fgs".’-“’ Do )j)_’; 5 (yb dm)

298 (olidln ol iae
7S e a8 lasgSan i Cledl iu jo) 4 G HLiSeS aoeisyd bl yialS Celw fped )d ALBSS ) 4
4 Lo Voo Hladen bas 5l Glhe Jlad 53 5 5L ke 2AY/0 4 5L Lo 220 jLiden s jl ol g0, HlideS
5529 3l Grdled el Jlad i pwliyer 35 18 53 35 (5 ojled JS3) ol 008 a3 ke A0

ly oo o 33 598 (sladl b9 sl (omlio Laal i Wlo3 o 4S5 15 3929 (o0L 5 (65U gud <y g 4SS



AY e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

Ol 350 9 dy9 b g 5550 Jl g CasS il @l Uplow (olnl sz g f 1 SB93,S )l eal 8
CosS w0y S Ve (el 2 gt 3 (P go)lod JSb e e (g 3 S codle) sl 0al )15
VA Co s Ly (mpf o 0l p9uiS cal 3 g3 Lel 20,5 Ve (08 Jlod 0Ly 4y j9u0 355050 0)5 Ve D> (8 Jlad
(P oo JSS (yroj ans (seuid) ol 00l 3155 0,5

Sl 69y 3l @l cix gl jeme X+ (Vg pow 55, 00UTC coles JSulsSa 04+ (g4l 5
(7 sosleds JS5) ol 00l rals 5 psix slayoye & I8 ) 4 Comd 5 00D 040dS [o)lb s (g9 4 Epm
590 2 )5 Bes T 98 Onidzen g odd 0ndS GBlys yE g A jow gl Cuow 4y 4S5 Gy | (Berd Eym )8
Dgdiee 0D 4S5 gl rizzen 9 (lul g Glye g dysw Jlad )0 (00b) o (sl g D9 0 00 Al
Q9= S5 9 Gls ) > @b) SB35 0ad 01 sk gy cl )3 &S wmd e (LS (slojlgale gl
sl a S S5

hedliygr§ £ )1 gL e tomaly (A g )b ke s 1 U5 haww JUS (Sl e YU gl £ S
Y+ +Q/V/Y 55,0000UTC Celw &) Loy po (g 4 13 o 1 bod g 50lSd o 3 (55L dao Do+ 5155

298 oulidlan lojlo ipte



P 5l dAY (b)) ¥ 50 lond (b sldl 2 slaiags i

JS3) it Gl Sl 5 4 3 3 ot o) S o S1ag3,5 ST slolpale gl

ot [y Blae DS p) S8 s (g dop @09 (e 30 G (29SSl edlil L (Y (so)led
Las o 3)lge yidy )3 45 Cdyon 4y by o OMSUio ¢ Sk pas Jdday «dls (ol )3 oS canl S5 LLs S

W 3y gyt €8 3l Jae gl o i g 4Bl dgng Dgd o (s34 sla e o

YooV Yoo UVIY anlomy e

S Cs it § Cromm 9 8l B yinS 3Ugb 45 g 9y U g (gl po 3 S189,5 jLur IKUT (glo,lg0lo pgliad ¥ JSUS
Czlgn Sy 5ni T 9 B By .ol 00l 0315 W5 pgliad 51 (odrs (g9 53 JSwligSa AD« 5155 08,8 Vo 51 i
ol a5 g 3k

o aly eSS s g0 w i e «SB9d)S g sladadis | i bla 0 A oY sl K6 o
S oles oo «S1593)5 (sl yLiogh (gdnwgs 5 ol Calisee Jolpo (awyp (gl Cuol 0ais 03l> LS o] slej,
U S IS les Jolis Jolye ol sl 00 ob)ai ‘O] ClEd (goyg0 calizre Jolye ol Hlis (sly yas )60



AD e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

ool D980 988 (238 lajpe 4 358 (pizmed 5 djgw By 5 3L S5y 2 S sl Slsb 4 ()
b > ) Lid s laged il 5 cuslio (3Bl Lulyd 3929 J0by o7 Gy (50 hden laidos
Slojlgale pglual rizren 9 398 0 (gl 13 (e w98 ool e g Cunl (Blye 0 Jlod 5 o
21y oai ool SBgd )3 ladS) piwss ¥+ AV Fy00 4o 5oy glp VY (soyloud S 50 e 0ald L
By 3 oSy sl ol 568 JSb Lt plply iladly 508 o CuddS by o ool it j5S ko 3olis
sobdn g e (S balpd ()39 debune ©jg0 )3 oS (A gosled JSUB) €85 a3 5 3le ©pf Jled g g
A )l b s |y ol 5l blie (S5 sagSUl ulal 2 g 4Bl dags 03 S

(DAY (Ve gl gain (gl S90S ag cladadia (ere 0dd Lol gla oy ol
e 9 90 (sloo ol ¢ poylre s  plgn Sy Jan ;3 JMS] 952 a9 Cubld (1395 i (58,55 5 Cuanng
ol 00 0313 Lis A (g0 jlows IS5 0 9 (ololids s 15 (slayliwl o

S, ST glolaplo poloai (wlw! o S1595,5 Wdgi gLrdowin o lwlini A JSS
TsB d”:' u’&mbeﬁiﬂ:Aa' )‘)J » b; \KS )‘wbb G g g Cooww g 5353;
Sl (o5 g Sk Cuadge Sl 5

oy 1) slmdadn plolid (ly (amlio )3l 2150 SB93)5 Lo Sl (o lgale jaslai ol
sladie jlodlainl Ly (yioren s wialss ooy cul S8 5 (pwpp )3 (ot G2 &5 Xy jladiay JLe 9,5

Ol se b9 038 it |) SIS 8 s (e dip (gl sy slae 5 Isp 09 (impte 530
o oS o dgn @iy e (g3de lb Jde SeSa g8 ol LialS ) allus sl plKiaa la 26T

S e Slb g )5 i g B0 5 3 Jled Bblia oy 00 g5 SagaS i S o



WA 5ol dMY 2le) ¥ g0)lond oamb (SLdT 3 slapsing A

& . s T . ae P ) e o "N
)9_425 )l dlo.}_o.c o b.x..s'l du)ﬁ) o &S .\m@ uL.MJ d}wu.o f:l?u‘ 9 it u.,l., a0 (g9 ) U»Lul » oS u‘)b

(& oplad JSi5) 25,5 o 43 3 ol b cos

30055 Vo 5 Loy Cas g b 3L lino o Yo ¢ A/V/Y dron 59, (510 052le ywgnai 45 ouwd HISOT CI)3 suns (gt vl X S0
ot Sl 85 Cal b yloj SRl cbd ga, Sl g Gl )l pad g Saky Cuindge ;Rily T 5 B B9y (J el g AD+ 51,5
iy 50 5 3)90 A @ o] (b ]

1. Forward trajectory technique



AY e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

L oS Caol oas 00Dy HLis Ve A/V/Y dron 59y 4 bgiye (slojlanle pyguai (1) JSKb o Cuomw YU (gaiiS o
e iomen 3,8 s odi] elaloj (0 1) Ol Sy 95,5 bl ) bl& ol e o] ) ool
ol 0 00l s b S5 (g9 el 0,5V ¢ 51 iy Lg(‘l Ce o oS JSwlgiSa Ad- 51,5 0L

4 Cuws b sy u».(blf Lol 045 oy sb LSLR’)L)){ ©dg2 Wf oL Cs LY u:l.ml> LmJiw &9y u)]).:l.u
Sy 2 3 55 JSika ) 5y 4y D oS ol ool ol s (2l gl (il S S
Dy dalgs Bl o ol slajly o al)d plag, Vb BB slacs o 3905

Sl g o > S1E90,5 (goimd i a8 Ve o sV x> pow dros jgy slojlsale polai b S o L s
ol a8 Sl o (ol S| 3ble (ul g cusl ayygm (Brd slagisy g 3l e sa0d
oail slmjgy o 1y (Blgs ol 0ad 1y SBgd,5 CS > e w2yl 3939 SB93,5 Wy cladeis
S (Ldas 0] ey 4o oS Cul J Sl U cpl 0 @l a8 s e (V0 go)lend JS5) 0,87 o iy
Ve 50l Jﬁ_..a 5 dlo)l}mLa )wl_,.a? J..;)..fu.o )|)§ )l.e.é9b)§ ELERY ).u;b Cod 4))J| Sl b ol).o_a.» ‘)?.;"5
IS ol o il 48 318 1) j0lS o) (ghes Ay g aid slajg) jd (glod S Legd )T &S e o lis

ol 04 0 LS 50 e (gla oy @l glay )] (l)d €S > e pogMe

()

YerQ/V/F apd pobs 5l oy

=)

Yo e QYD anisy b

SLRYS— Yoo (Y g muind 59y U 4y (§yud 9 3158 (89 0058 T SO (59 50 0w wgi S gd 5 l}5 8 >
259 W= mBjlan 3 ol (o158 Gon 5l B iS 9 SBgd S Cardy (lolgale piglai(E 5 @ SISS) Cowly Crom
ol 48,5 41,5 L35 15U ot 5 (R39S (256 (Sdews pogdle B oo (LS JSW (] AiSS o)



P 5l dAY (b)) ¥ 50 lond (b sldl 2 slaiags M

ool o5 iyl o5 o085l ly €165 b e e 42 o 2098 Y 1 s i) b S0 S )
odd Sbaod slab)lS 5 lojlgmle pglad .l (gadly glds)] gl &5 A8 o yoee (o )ST5) (RSt g,
oo By 51 (1 58 Lo JSLa) Jiie Livgs odd ins ey sy 45 LD o i ¢_polidlgn (glnolKzan] >
ailobw a5 amd o L (Voo (Yo Jol gain) )legd)S 0l gk (sl Lid i (65N (o)

Cag Vo Ve (Yo pilex o) U Vo pgd jo) 5l lsb anwyi 9 JSii b plojon «3lye Jlod )3 &Bly )LideS
Pl 4 e oy Jl o (F o ¥ sladSil) sl (o & (sojlail 4y JLidnS gailolis pgus 4y pg3 g, 5 & ()b o
g s olyan 5Li8oS (cailob cns 4 pyles oy 5 Lol (VY o5 (slo JS5) sl o 3o b Lo Y/ (sojliil &

ol sl 5 2nlS il o s0d Cigny )Lib

L85 ) sl ylase tom o gaid 9 )l o s 1o L 43 mhans Sl ol ylane (WL ganids ) Y IS
0000UTC el 4 bgryo (pogmmdan (542 )3 o 2 bod 9 5ol s 3 (55l koo B v 5153 (il o35
HouiS owlinilgd lojlw gaie)V e +A/V/¥F 39,



A e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

)l 2929 4S5 (Brdogix g olul CpfJled )3 led g (gl 9ud g3 jg) > JSwlgSa AD: Sl
o po joy jl s pow dn pod o) 3l e an Bl sl )35 g Cunway Jlad Sl &S (2l sailobs aiy
(Wl et dlod (2o )3 (2led ged 0Rgr g (Gl 90 pyw 5 pgd o) 3 Lol 0 Ciund (5)lde p)lo>
olyan il (9 €W oS o b ol (5l)> (55) £l hnd g 095 00 001> dryge (30 9 45 5 B rdos
Slop 90> eSSl 039 (Slge LhleS Ay jooee b Epw9)8 s97e pyle U pod sy, (b canl ol
oo S5 ale) 39 Ll oy 53 (sahayy B LB g Sl s g0 gz 3 5 (slom g Jlad 3 2y
b ausly ool dilaie )3 (698 (slaol DSy ass s g (F
Ero by 9y J landy 9555 $bp> B8 50 (gt (JBwlgiSa Ver Sl5 Vet (Vo pod g, 5
(D (soyloms JSi) canl 312l sl sy gud Lol oy (sdilaio ) g adly dluiel 4y ygm i g il e §y5 U
T Job L (Byw 98 Vo Vo2 p)laz gy 3 JwligSan Ver I slod g Juuilin gy slagline (slagSl
9 A8 (e y5=e 53 g ok Sbyd Jlod S AT (250 oAl mpandl (S 93 &) &S D90 0D ALK 59y i sl
Jbo 3l lagzge ol Sl Scapn 69y @bsS z9e Job b alagse 9 2)35 oo e 9y 5l o5 (6500 g5
Cipnd e (G 58 298 odpell Sl 5 adlllas 390 sailaie &S bazge (pl (e Alate ) it S >

(VY 0yl JSUb) 390 g03 033 (puaSuidio & pug)d g 0392

Oogmmbw (542 50 Com p3 bod g ylD Cuws 9 (5L o Voo 5100 (el g3 £LT,1 (s lanme VY S
()9S owliilgr ylojlu &to)Y + +4/Y/F 59,0000UTC cuslu & bgapo

5 d9=b e odaliio &S 5 (o5 (e 5 Glpl Jod Jlg )0 (sl 9d pod Jgy p JSwligSe B4+ Sl
S5 9> s slnjgy > Aidy g E g el b o (sl (line Gl ]y (6l DAY Ly olrale S

2 S g po jgy p3 Cuwl 03,8 e Gl ) Sl g 4S5 by ) hnleS S (nl Gy nl 2 e



P 5l dAY (b)) ¥ 50 lond (b sldl 2 slaiags A

Shag2ys 4 B 5oy 4 Comd (52155 OAY Ay 039 3L ) djom 9 Blie Jlod S 5 i 98 (Jlod (g0
WSS g 9 g 0w )S (69 Sl GleanS 9 Bhe g age Sl 1A 5y il oad brale S ogi
SN Epogp g ok sbp> 38 Jl g b il p)leg jgy p3 el 03)S jgue ddlaie (59, 5l (B pwg)d cnlnly
Qe by gl (6l DAY Wy (g o 6030 Cuwlio (hy e b ol yos il e Canmnds 4S5 (49, 5]

LS oo lpl g e S0 9 000 69yl

& 35 ot g Sy
JLe93)S ointy 1l cod dilate Cawg g b 1Sy delus sl (o Jlo Lb a5 xims o ol alols gl
a2y L asmecan g elonl (oalail (slapl pogde (o doly o cul andly (St ] Bl 1)
CBlgs g ad Aals 03 je s dmols CoMw O (ghn AuAgT WS e B el ol ),;b Cod dS  hmes
Jld 5 45 5 Cgi 53 03,528 (gla il 03294 del Yoo 5 gy B b dalss g 0 |y e
sadbio oo 3lye (Jlod g drygw 38 (AP 2 L8935 Mg sladedin (B8 g bl cuw (3lie g 49w
) Ol S ey slpion @ o JUil g (Al cnl 03 )keg,8 i sl alio Ll oS 00 (el
Febogiosn ile coiz (29 ) i Glhegd)S Wy sbacia 41315 )3 50> S Sl 03,5 wal)8
bt erfosa I elagide b dld b pese sl b el oS odg pliays Jlod 5 CasS ()]
s cdygm Byd g Glre Jlod ) ety dbul (555 b o381 Lol sl oo o )18 L9281l cow
S Slgien p5 Jole 93 48 1,8 o )8 onay cpl 3B Cov i (6B Ne g sl (B b S 08
Ak Cj Judo

(398 sadlate 3 () 9 oy S 39247

s Wslgn Lol —Y

SLag0 5wl (sl caslas 315 (LS bl & cod i Jled slagsye ) gblie opl 80T 4 255 L
losls iz i)l <358 b (Lega,S Lol yon slajg) lass oyt 23y Gloj) Glieels 53 1 el aslws
o glaise il cdel wlons Jame 5 Jlad sl oye & chnd (o o &l e ¢ g b il (3L ol
«Sis gblie s) ol el culply 95 00 wal® 5l 4y 5 gl s el g 03,8 e Wl e
(dmad ol 3 4l a2 b S0s (sp Sl gl Dot ) SBg3S S 5 Ism dgno (sl asls Lyl
Ll sadin d 4 g o oo @l myw JUil 5l wlo aSt] o 98 o0 wS ol g5y sloyls cin sl
LS 5 a3l Sl elapide 5 olnl gy 2l JUideS (5ymaS g il b plunl )3 (piomen WS (oSS
Sealiyd JLideS 05 255 b 4 6,8 oo )8 o b s i 485 5 g b i (adllas 3590 )
sl sielas lalpd g oad plool (Seolps jlideS L (Jad ole)S jLideS wilinte (Bpd (Alp & dlinte o)

ccailbols il (gl byl LieS ol (Som Gpd €8 o b 1503 (sow 3l 0y5] o ool (3las Y iy Sgmo



9 e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

5o 3 o) Cdsh 5 2ol s ( B8 gobaws § o Sl claplr 2 Sen & 03l 5y o ly Lidy
g Ox)d 9 39 Cgil Juad &y ad93 b Wl oo 05 (0 5118 ol g dilinde (5b)d (59 & (B g 0 a8
9 o) gdaw > L d ladl sbol o bl b opl &S 24 sl Hlid ) g LideS sladilobe pw LS (o lid
215 e 208 slasl sl )3 55 (0 [iSen 2ile) (oldl i Ll 4l 300 S35, sl M ¢ el
il andls (g 35e i

g alan Mo JoB g (Sres w98 2929 pis pogdle ((JBligSa Ve 515 5 adllas 550 5k (61
LS ol 00 SBga,8 el cudlil g 6y Bl (sl (arlio laalpd el (oo & 0392 Cnid Jln 5 sy
695 3 (Lo s ) yaglS ¥ 290 Lalagio ysboay) (oS5 £lis) 4y 4355 b g 9 5] wol2 (] pgloee (slojl s
Aoyl b o |y s dlox Sl oS5 b 53 g Bblia g 03,5 e 0gSaisy ol

B 59y 313k oy ilS Sl 36 aliSen (e 09 €83 (o) o (Sloaids )3 Wl 4 S (i
4 e g9 (0051 39) (B 5 (00015 08 5 Bls o) st ol 1 3 5 S <l 59y U
willste cga b bl jl 5b o Ked 03,8 sascde sy ) ol Ken bl 5 @l cuilil ) e L
|y ety o il 455 Bybiogiz b (V) sojlad JS5) ol 550 o ly JLideS [y0 ) o 05 (s e
85 5l

ol b candly (alidl oy cpl o) vl oo GRalS (A)L jlude o8 (la Jlo ) F (go)led S 4 4295 L
il ALl 2939 Hlegd,S W 5 2lus )y deluw Liul8l g JluSis olad ) o (o blixe byl Slgs e

S 52 b pma 9Ly by 9 kS L)l (o jlgale pglas jl oslinal & ol (Lt @S (riren
J-B g plSiadn Lo alSl iy 5 jluie Glyice 4y 9 03,8 @al B ) OIS CS o e (dupin Ol on

2,5 adodil oy cpl 5l il Jleis] glaclus jials gy piY lapuowal 350l 5y90 4o 1y (golaxel

8 )l Sl

ol g basds ualiS Ll 3 el (motar JS o)l oy SLalid)lS 0329 5 598 (owlidlan ol i
G0, L olyan slajs, Slass zdliS JUis] 55 5 e sl colitile,S il _awlidlen IS ooyl 51 g cslolnle
Dy oo (1,48 9 St lerers

&be

Chun, Y.S., Boo, K.O., Kim, J., Park, S., Lee, M., 2001, Synopsis, Transport and Physical
Characteristics of Asian Dust in Korea, Journal of Geophysical Research, Vol. 106,
PP.18461-18469.

Draxler, R.R., Gillete, D.A., Kirkpatrick, J. S., Heller, J., 2001, Estimating PM10 Air
Concentration from Dust Storms in Iraq, Kuwait and Saudi Arabia, Atmospheric
Environment, VVol. 35, PP. 4315-4330.


http://www.journalogy.net/Journal/15256/journal-of-geophysical-research

WA 5ol dMY 2le) ¥ g0)lond oamb (SLdT 3 slapsing Y

Ginoux, P., Chin, M., Tegen, I., Prospero, J., Holben, B., Dubovik, O., Lin, S.J., 2001, Sources
and Distribution of Dust Aerosols Simulated with the GOCART Model, Journal of
Geophysical Research, Vol. 106, PP. 255-273.

Goudie, A.S., Middleton, N.J., 1992, The Changing Frequency of Dust Storm Through
Time, Journal of Climate Change, Vol. 20, PP.197-225.

In, H.J., Park, S.U., 2003, Estimation of Dust Emission Amount for a Dust Storm Event
Occurred in April 1998 in China, Journal of Water Air and Soil Pollution, VVol. 148,
PP.201-221.

Kellogg, Ch. A., Shinn, E.A., 2001, Dust in the Wind: Long Rang Transport of Dust in the
Atmosphere and its Implication for Global Public and Ecosystem Health, Journal of
Global Change and Human Health, Vol. | 2, PP. 20 -33.

Kurosaki, Y., Mikami, M., 2005, Regional Difference in the Characteristics of Dust Event in
East Asia: Relationship among Dust Outbreak, Surface Wind, and Land Surface
Condition, Journal of the Meteorological Society of Japan, Ser. I, 83A., PP.1-18.

Littmann, T., 1991, Dust Storm Frequency in Asia: Climatic Control and Variability,
International Journal of Climatology, Vol. 11, PP. 393-412.

Liu, G-R., and T-H. Lin, 2004, Application of Geostationary Satellite Observations for
Monitoring Dust Storms of Asia, Terrestrial, Atmospheric and Oceanic Sciences,
Vol.15, PP. 825-837.

Natsagdorj, L., Jugder, D., Chung, Y.S., 2003, Analysis of Dust Storms Observed in
Mongolia during 1937-1999, Atmos. Environ, Vol. 37, PP. 1401-1411.

Nickovic, S., Wilson, W.E., Sassen, K., Sugimoto, N., Malm, W.C., 2001, Asian Dust Events
of April 1998, Journal of Geophysical Research, Vol. 106, PP. 18317-18330.

Qian, W., Quan, L., Shi, S., 2002, Variations of the Dust Storm in China and its Climatic
Control, Journal of Climate, Vol. 15, PP. 1216-1229.

Shao, Y., Wang, J.J., 2003, A Climatology of Northeast Asian Dust Events, Meteorologische
Zeitschrift, Vol. 12, PP. 175-183.

Sun, J., Zhang, M., Liu, T., 2001, Spatial and Temporal Characteristics of Dust Storms in
China and Its Surrounding Regions, 1901-1999: Relations to Source Area and
Climate, Journal of Geophysical Research, Vol. 106, No. 10, PP. 325-10,333.

XU, X., Levy, J., Zhaohui, L. and Chen, H., 2006, An Investigation of Sand-dust Storm
Events and Land Surface Characteristics in China Using NOAA NDVI Data, Global
and Planetary Chang, Vol.52, PP.182-196.

Youngsin, Ch., and Lim, J.Y., 2004, The Recent Characteristics of Asian Dust and Haze
Events in Seoul, Korea, Meteorology and Atmospheric Physics, Vol. 87, PP. 143-152.

Zhang, P., Lu, N.M., Hu, X.Q., Dong, C.H., 2006, ldentification and Physical Retrieval of
Dust Storm Using Three MODIS Thermal IR Channels, Global and Planetary Change
Vol. 52, PP. 197-206.

Zhou, Z.J., 2001, Blowing Sand and Sand Storm in China in Recent 45 Years, Quaternary
Sciences, Vo. 21, PP. 9-17.


http://www.journalogy.net/Journal/15256/journal-of-geophysical-research
http://www.journalogy.net/Journal/15256/journal-of-geophysical-research
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1097-0088
http://www.journalogy.net/Journal/15256/journal-of-geophysical-research
http://www.journalogy.net/Journal/15256/journal-of-geophysical-research
file:///C:/Documents%20and%20Settings/mansureh/Desktop/New%20Folder/science5.htm%23hit2%23hit2

ay e ylh€92,5 g (cdaouin bl ( wlillgd oS! caxllle

Studying of Meteorological Patterns, Identifying of Dust Sources and
Motion Track of Particles for Dust Storm, July 2009

Ranjbar Saadatabadi A.*
Assistant Prof. of Meteorological Organization, Tehran
Azizi GH.
Associate Prof. Dep. of Physical Geography, University of Tehran

Received: 24/04/2011 Accepted: 16/10/2012

Extended Abstract

Introduction
In arid and semi-arid areas, dust storms occur frequently. When surface winds are strong, large

amounts of sand and dust can be lifted from bare, dry soils into the atmosphere and transported
downwind affecting regions hundreds to thousands of kilometers away. Dust storms are most
commonly caused by strong pressure gradients which cause an increase in wind velocity over a
wide area. For countries in and downwind of arid regions, airborne sand and dust presents
serious risks to the environment, property and human health. In recent years, systematic
research on dust storms has been carried out. Dust storm in the east of Asia, is quite well
documented through the analyses of synoptic records over the past 50 years (Sun et al., 2001;
Zhou, 2001; Chun et al., 2001; Qian et al., 2002; Natsagdorj et al., 2003; Kurosaki and Mikami,
2003; Shao and Wang, 2003). Sun et al. (2001, 10331) analyzed the synoptic reports over the
40-years period between 1960 and 1999 and found that Gobi in Mongolia and north of China
are major dust sources. In this paper, we identify the main sources of dust production, test
forward trajectory technique and investigate characteristics of pressure patterns of dust events in
July 2009 in Western Iran.

Methodology
Throughout this study, it is attempted to determine characteristics of effective pressure patterns

and main dust emission's sources and forward trajectory based on meteorological information
including: meteorological maps at the standard levels (1000mb, 850mb, 700mb and 500mb),
satellite images and some products of the numerical weather prediction models. Meteorological
maps data analyzed at OOUTC and satellite images (interval time is 30min.) of dust events from
2th to 7™ of July, 2009. Satellite images were used to compare the spatial pattern of a large scale
dust event with the pattern predicted by the model.

“E-mail: aranjbar@gmail.com Tel: 09124237956
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Results and Discussion

Surveys show that in recent years the event frequency, intensity and the extent of the region
affected by sand and dust have been increasing. Water irregular consumption and inhibition,
particularly widespread constructing dams in the south of Turkey and the North of Syria and
Irag, cause the creation or development and spread of producing sources of dust in the eastern
north of Syria and the north of Iraq especially Mesopotamia that provide suitable conditions for
dust formation in these areas and delivering it to vast areas of Iran. On the other hand, it can be
claimed that in past, the sources of dust were mostly in the south of Iraq, some parts of Jordan,
Kuwait, and the north of Saudi Arabia. These sources has influenced already on the south west
of Iran through the south westerly or the north westerly winds, now by spreading and creating
sources in the north of Iragq and eastern north of Syria, the west of Iran is affected with more
intensity, frequency and permanency by this event. The two following reasons are of most
importance to produce dust storm:

1. 1-There are soft soil particles and clay in the Region,

2. 2-As these Regions are located nearer to the north comparing to the previous mentioned

areas, meteorological condition is suitable for dust formation.

Maximum number of dusty days and severe dust events usually occur in summer. Because
of strengthening the subtropical high pressure, the waves of Mediterranean have been delivered
to northern latitudes, and there will be no possibility of moisture feeding and no precipitation.
Thus, its deployment on dry areas provides suitable conditions for ascending air and dust
particles. While low pressure system moves to the east, the conditions for high pressure system's
deployment located in the west of upper trough, by convergence of upper flows, leads to its
creation and strengthen of high pressure. So, intensive pressure gradient is created between low
and high pressure systems which leads to creation of strong winds and causes dust storm.
However, geographic condition might have an effective role in creating strong winds.

In this case study at 700hPa level, in addition to the lack of deep and noticeable trough,
contour gradient is low and probably provides suitable situation for the persistency and
accumulation of dust particles in this level and near levels. Then, regarding Zagros' height (in
average 3 km above sea surface), the particles pass above the mountain and impacts expand
areas of the east of Zagros such as Tehran.

Due to decreasing the wind speeds (on surface and low level troposphere) from Iraq to Iran
and also confluence of west and east winds the convergence zones have been created over the
west of Iran. This Convergence of winds has an important role in accumulation and suspended
of particles over the region. For determining the convergence due to the winds with opposite

directions, an imaginary line can be considered which continues from Iran's low pressure center
to eastern south of Turkey.

Conclusion
Output results indicate that the sources of dust production were in the East of Syria and the
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North West of Iraq that through storm movement to the east, the density of suspended particles
were increased and had impacts on western of Iran. The main meteorological factors in creating
storms and delivering the suspended dust particles over the western of Iran are as following
order:

Extending of thermal low pressure system from the center of Iran to the north of Iraq and
south of Turkey, spreading of high pressure system from the Black sea to Caspian sea, the north
band of Iran and the south east of Turkey, the strong pressure gradient created between the two
pressure systems and passing waves out of Mediterranean in the mid troposphere level have an
essential role in creating storm and carrying the suspended particles.

During the years that precipitation decreases, the occurrence of the event increases; thus,
there is a meaningful relation between drought and the increasing of the frequency and intensity
of sand and dust.

Keywords: Dust Storm, Dust Sources, Particle Path, Mediterranean Trough, Pressure
Gradient.



