WA e o) oyl cemojil oy58 « lamea pole aslilad

nairs

SB 93,5 il 3,91 ;5 WRF-Chem gdus Juo bl
(Ol S 93,5 Glogb (53,90 anlllas)

Sl oo 39l 3 gobTwolw oy (ules (o055 o FJBCS (s ol

Ol Ol (olidlsn 0aSingsy dsn (Fogll 5 92 (o 09,5

AONNIY + oy AONNA sl &l

clale 561 .0 WRF-Chem (soae Jow slaco LB AYAF . Sl cono . g LT olaw puxsy & ey o o JBSG
MNONYEON G . oo pole dolilad )| 45 S 505 ik (60,90 dalllae — S5 g0 5

Sy Judo 4 Lol iloass b3l ails ygls ddlate gl S g 05 goae Jow cpiiz 3 sl Sl ;o ax ST :Bus g adilw
slp S 595 soe sladae b 3 sFeele Sl b owl 5L S 05 wax gladein (i g asng il
Marticorena and Bergametti (1995), Shao et al. (1996), Marticorena sl Ss5UsS ), Kighy 0,8 & jg0 il gl adlais
Do 9 Ui Oyzed (oron] B dcule L S g0 5 ol el aess sla by, axwgs Letal. (1997) Shao et al. (2004)
518 e sl e b paiicas Sl a5 1) ol (iale b (S am LSS sl Joe ilin]  Saol oy g oS 5 5,5 3

aols drgs

WEY &6 550, ¥ lp oilwand WRF-Chem ooiicias Jaw 51 V.2,V ases ) oolaul b ragsy cnl jo iy ghgy 9 dlgo
b iy o lgm b 51l cpl 10 8% O ygo (5500 g adgl bl jskaie 4 GFS 5JUT (glaesls 5l eoliiwl LAYAY Jlo olo ols 5
Napglen sly Jloge (Sualins Jow al p o)lg b cpl .ol oslinud (s> lae )3 e 0)lg> b lyic 4 MADE-SORGAM
&l MADE olg> b jo .ol oads >k 3lee <l )3 gladlaie Joe al p0g5 digh 4 5 Sl (pl aS ol oals b gl 5o
Fo3ySen ¥ 51 5555 B b Cd)d 5 iteg e VU +0) G JlB b (grea lag e+l 58 S8 b (Sl e ds )3 (g9 (3le

Digds oo 3l lam CokS (g 5lwdnd anTd 0 Jlo Sy a8 b

cdalé ol jos 4, PMI10 o595 (sboaias NCL i5ls 5 e asliyy 5l oslaid b WRF-Chem Jow 29 5 b))l cus 1o g gulbs
Hlas W¥AY Jlo ole ol 2 VY 55, VY Cels jo (oxbaws oL g PMI0 clale ol y WRF-Chem Jow (29,5 ad pumw 5 el )b o0
alyd cdale e ploy CubdS b, 4 wgd oo oadlive 3 bl oy Jled 50 (SoeS 00y VY el jo el ol ool
RN Sl ;0 a5 ol B 005 oo Ol el 310 0 S 505 9959 s (8 led 5 )8 slasl (B39 9 sl Ll
S5 S5 sa yiny g Cod blie (5 S woad Jie 5y Caoms 4 L3 (] 51 s el 48 55y 10 ooy cldale LI oyl
a5 o oo lid HeiaS oy ble jo 1) ol cdale Juw ax ST a5 il (pl azgr BB 4SS ol go ielS PMI0 ol )3 clale
Cesds 15 Jitans 5 (30 MalS 1) 4l 105 j0s S1390,5 logh oS dniir el 3l 988 315 Lo g 5,0 (g o] slice

= Corresponding Author. E-mail Address: anik@ut.ac.ir



S g o8 clale o9l 0 WRF-Chem goae Jow slacabls

a)‘P)Ja U"‘ £5>5)’> 0 ‘SDLMH ) w.v..aj L\ dJGL.A 6‘).1 MADE o)‘9>).|a B waégd.?us ‘5>): S9>9 J..JQ L s 00)5"
)| waﬁs‘a‘)l 6):)5 69§” )éUaéés?j Oy90 )0)5.‘9;}:&.@ J.M:L °)BTfNSl£°)Bwa“ 6‘)L> bl ‘5>).: B w‘uiM
J..VJL: acsls s wx.élgl;..\a‘y‘-gn JAA l5>5)'> CJL\J ‘J)L) JBBQ;MJQ.LCQ)B—‘J) B OA&SMMJ‘S)‘J‘JJUMJLMJ)S)JGJ
polie b auglie j0 a5 ol S 50,5 (YU slacdale gl s bogas liwiaS 5 g 555 b0 5,0 aiile (gilwad ase> 5l ablis
F ey slg n S o8 5l ez JB polis a5 08,5 o Lastive MODIS osizuin 5l Jol> S5 g 085 Old (5,9 Gos

el 433 ez 5 sy

CatS ot 5 il e jo 1y el (60,5 Sl magsy opl ;o WRF-Chem soas Jow o Sloe (IS b 4 15 S domasss
bl pd a5 (o0 snl Wigd oo sy bl 5 pio il Bl atle (oanlo JouS slodoir 5| &5 olajglyn ln ohg 4 dso
5 e g slagial i gl 5 ool oy ol 551 o3 sla s 65 s s & S il 5 50l s 5
WRF Jas j0 a5 cwlidpe) sbosls Jg.cwlond 2 JB 565,50 oo bln 5l 5 10wl ools 7, ailis gl adlais
o el Joe (295 )0 las slowl Jele Tgo CodS lagtagh 50 oS Sl 42338 slaJlu & bg o (lizes 098 oo colinul
S8 Jae [Las ] 5o goad moral S5 05 ) S )0 jige i ae) soosls (sladlate wlide jo JBlas cawl oo jekaie

S50

MADE o s> L WRF/Chem Jue « S5 0,5 ligh 1 gaudS’ gadojly

Aol

ladss U cwl 5L {(Moridnejad et al., 2015) il ol 1 5L S 90,5 slalégh
Sl SB35 soas sladae i)l o il kel § A sladls s bagbly asle (mla
ST L Kags xS Oype alals adlate FRENSHEPC RIS T NP BE
Marticorena and Bergametti (1995), Shao et sl Sl VY ALl ye anibice 5,0 ol b olpl aes
al. (1996), Marticorena et al. (1997), Shao et al. b g Lade S 50,5 ol jen 4 wyal Jligb VYAY
59,8 Olyd el s slo g, dewgs L (2004) Olrs S (el gl S VY. 5l s ey b
5 N 5 oz Oszen 2lban] b L S Olow] o5 05y (50> 4 dably (pl Dad S 15,
i Az LS sl ] (Slasl ooy |y 055 ol 5 580 5 ead Sl (s sl ol
69> oo b abcas clll a5 1, ol Lislw,s G S g 08 slnlish gl Joe sl caws
530S dasgi il Wlgs oo Wolag) ool @se a2 9 335 i skt
b Gl by S5 05 Ll lade Wyl eizmes g O S h) el g )8, clil o
oly)d chale gilwans ;o g ni (Shao, 2008) 3es)ly whlus als gl 4 Jlase sbballs
o S LS Sldlas uS o il S 5 5,5 Al g S g 5,5 oligb

Sladls 3 S 5 5,5 Sl Lanl avube slabs, 55,5 goae Jae a3l slaJlo 48 4 5]
D)8 oo o,lil S 4 aS cul a8 S Oyge 5] (Prakash wloa—s b, sl jgls adlate sl S
0,8 &l el g, 99 Camwlu (Zhao et al., 2010) Sy Jodo 4 Lol et al., 2015; Hamidi et al., 2014)
&5 Julos L |, (DUSTRAN 4 GOCART) S 4 S 50,5 waz sbbdeis iy 5 dewss 5 ddlate

AP e Vojlos (oo 35k 0,90 ¢ s pole anlilad
V\#



Gen g JBSS e ol

@ ool 5 oelidlse Lulyl s aLS by
obdimey STy ol S Cagh; g 5L ok
bgi s pdyiale B el ohig 4 (giludnnd 9>
50 g o ool Lbjle g o ol )3 b > WRF oo
g sl o BB pl 008 o0 pd alBlas LB
Sype sl chile giluand anls
WRF- coscas alols colld 0,5 o 1,8 oola]
L sy &g algp cuaS sl gjlu Jow o Chem
59,5 slacsiloand ;5 ohs 4 olilyn slaal
5,5 olyd S 4 ol lcad axg bl 5l S
&35 slooanVT LS jlade b aunlio ;0 9 4 S g
ol glidlgn Lol i 5l s Loges a5 ol Ll
5 okitlyn sloilly b s b3, s SIS
sloanT s s oiloands ol ol cwlis e
ooe Jao alilasl 5l lee cuaS 5 cwliiles

Abb g0 WRF-Chem ouiscias

LS9, 9 dlge
Jow I YEY ased sleslainl U iegsy cpl o
&6 550, ¥ sl slwanss WRF-Chem coicax
laools 5l eslawl L ATAY Jlo ole olo,= VY L VY
S35 S50 5550 5 2l Ll pslate 4y GFS SIUT
MADE-SORGAM as, iy ols>,b 5l 12l cnl 4o
JonS 0l b leie a0 (Ackermann et al., 1998)
Joe ol pojle> b plal colaiul ge2 3lre lyd
Modal Aerosol ) lejslen (sl Jloge Seoluo
ol &S el ends b Ll o (Dynamic Model
Blee D)3 gladlaie Joo 4y 2053 agi 4y 55 ZSla,
5 el oas 1L (Binkowski et al., 1995)
b oSl de dw )5 69> lee I3 MADE o s> ,b
Y5 L) o B b e g Sn ) S o8 L
&5 b g See V5l 5555 a8 L Sl ) g e S
Sy lso CosS (giluand anlp o Jli-Sl

s 5o SB 5 5,5 @3 e Olis 50,3 olad
Munkhtesetseq) ;55 adbs 10 .355,5 (o), a8
Ot Gl S sk, cu8 b 5l b (et al., 2016
e 5 allin]  Shol ca o i o bL3)|
0313 At (litgie il 5 S 55,5 &S S
«Swet et al., 2015) ol Jigi (g lwad S5 4y .o
sloazlp s & SB SlS Saris & 48 o
@3 ezl ake oo il a5 @il rals iyl s
(Park et al., 2016) o gy j0 .0, S 50,8
5 SISkaol iy 5o ol SaS @y el 555 0
Sy Gadolae (gl Sue I eslanal
99,5 Obd e HL arlre gl o0 iigiludinge
Al 00ls drwgr S

oo, > VY o les S 50,8 lgb (g3lwacs
& WRF-Chem ooz Jaws 5l ool L (1 TAY
CehS il Jan 5o gone by il S lyie
Olpe 4 PMI0 s cdale (28,5 Jl o b g dge
e 1 Zdpdy Ojge S 08 5l ceilie )b
SSblyyaee e oulidlen Joo So lyie 4 WRF
slolxil olen a4 Swlns aune pas b
wibige (S slaanl B gilue el )y oz ()s5UsS
Joe il ) Jow lawy gileacs colB a5
slonls ks lse L WRF-Chem  ooiscis
Oloyor Sypo  lpgler (Sealins g (owlidlsn
(Grell et al., sas oo plxil 1) lga e S g3luas
Lae b SBsb plgie 4 ()15 S 99,5 (35l .2005)
85 135S 0 o S 505 laglish 5l L1 S
5 ahe o iy 5l b saaes slaailels L Ligos
Lalyd ooy p ol plete il oo LLS ) 5o 4550
20k 905 (b 4 e ulide 9,5 5 9 e
ool Gy )l S 53,5 oy oS

bli,l o e glaw 51 S5 05 @S fenS

WWAF e Vojlos (oo 35k 0,90 ¢ s pole anlilad

VY



S g o8 clale o9l 0 WRF-Chem goae Jow slacabls

WRF-Chem Jaw sbe,las )b 5 0 -) Jgoo
Table 1. Some schemes of the WRF/Chem model

il o,lg> b
WREF Single-Moment 5-class .
scheme Sejeby e
RRTM scheme il zge il
Goddard shortwave oligS zoe b
Noah Land Surface Model chaw S8
Yonsei University scheme Sio Y
Grell 3D ov9lgesS

Sygo 4 ddg> 90 b Jow szl a4 axg L
Sygo & &S pge (gilwand ade @l i jog
od a4 PMI0 @l,d e )5 L8 b, 5,56 PMI0
00 9 O9dge 4 ey e Vol geS HhB L sles
PM10 &l)d clale (S 505 slagligh 484 o
99,5 old clle jlcaslie (gl loie 4 Glg o0 |,
33,5 o0 JoeS bl 5 ooy o 5145 (ab S
PM10 &lpd py 2ST ol cpl jo lhmsa2d )5 Lk jo
il sliias amsie LS5 SB 5 o8 0l 1,
aoby 5l eolawl L WRF-Chem  Joo 25,5
oo 4y PM10 505 sloaiss NCL &3lo 5 g
or a3 Sl 8 Al e 5 el cpl clale
692> Sl Joe lawgy oo g lwas PM10 clale
Dgsn gz 4 jsk (Jlish sl Lo 5o (oS>
Jeilingiy glis)) g Lo ¢ sloglose jsbate opl (slp
(Gl adg> 5o JulisiSe B0+ g AD: slajlys
o0l gy OlBgb a5,y g dlas, 51 S 59, S
(¥ JS58) e
al e 3y g3, 2 0 +Npa aLE (g9, » 0dl 0g2g
9 Yoy &5) JS‘ BE SR UTC celo 5o 4)LA.A)5[> 9
Gbﬁ,zyd)gém)’f)’lé#h‘j@y@s?w&%
IS o anels Y b i s gllas son] cels Y

celw b 500hpa acas o ol g9y » ) kdlaa

() doles b bjpglsn x598 o2k, o581 gl oo
oy lyd olaws N (V) dolas ;0 058 0 00ls yioles

Q))
2
N 1(Ind, —Ind
n(lndp)=—exp __M
V2ring, 2 Ing,

9 Jol as9> Glee 4 Lol (gilwans asg>
A5 0ali IS AY &g 4y ped (gilwdnd Adg>
30 RS A Sl ddg> 93 (pl Condae aiald 418
50 oSl bl o alold cwl caslie JB Y S
Voopgd adg> y0 g yegl S Y Lol (giluanl aog>
dloe haglS
WRF- Joo Sledas ple 31 gmias b=
» S 505 slanglse giluans sl 4, Chem
lro,lgz b ool cal ol ool lid ) Jgam
obims I3 9l o (Forkel et al.,, 2013) il

WPS Domain Configuration

45°N

SO°N

35°N

25°N —

35°E 40°E 45°E S0°E 55°E 60°E

Silwad sbases @L@‘P Caxdgo — Y SO
Fig. 1- Location of the simulation domains

AP e Vojlos (oo 35k 0,90 ¢ s pole anlilad

WA



Gen g JBSS e ol

clale gl golesel BB ools a5 Sl 5l andl
2 S5 olish oy 989 by jo Sgo 5 S
chale anlie a4 o5 jsb 4 lgT sed Connd oy
@ axg b g ey Slalin b Jos lawg odel canss
Sl 5o Wb e 992y lyee b ey Dad
2,5 0l |y Jaw lawgd oulds (6 jlwans PM10
L sleo @l olaie a4 PM2.5 coeS (g lwacds
0 S5l oo Laast i fing San Y, 51 L
S 2By by, 4 ol Ty T USE aulio L
Ol MlS PM2.5 s PM10 jal,l g0 &l s (555!
93 50 sl S 50,5 @lyd asis a5 Sl el
o Ll Ol oSl cplpls wal Gl cueS
Jaie PM2.5 cawS lp 0g vales 0SS alivwe
Ml (os S e 0590 VY0

Sgd> 50 dAdow

L o2 59 d9zse S (i (lsb £685 oley o
i co oSS iy ad b olyd
chle gl WRF-Chem Jow 29,5 a-0 JS& 0
Jbo oo ol 5 VY 5, VY el jo e oL 4 PMI0
3 SzgS 0095 VY el jo .l oad oals yLas VYA
SIS L gy 4 9 o0 odalie (g il (2 Lot
9 ladk s 5 adly Rl oS e (e e
O A B 4 SB 5 05 59)9 com (2 e
chle bl ol s ISV0 el o as’ ol b oo

Grd S S Gl el w35 s ok
dgdige i iy o8 bl (FoyuS wad Ji
ol ary B S5l oo ialS PMIO s cile s
2955 (258 Bl o 1) ook cdile oo ax 5145 o
U518 Gl 935 By a5 555 5 wansign
O b SS9 S sk JouS deder sl o)y !
W P FCOWR O [ B WP ES N Y L

(SOt W) USJQ-Q )‘ éul.n as ujﬁ) £90 39, 0000UTC
aghio ;0 9> ppj cbbaY o 65l Sl el
5 C-Y UKo @ azg b fblei b-Y S8 0 o 8 oo
okl 4 YoV F (545 00:00UTC celes 5l e yus dgux
3985 (535 o Bblie & Az (nl ey 9 955 (258 g
48,5 S 8 p dgun Sgd oo o0line s il 4
$E Jed (Pl 0 o (xy JB s by 4 e
il (o) odicmins o 15 oS 99,5 0 535 0
@-Y &) Fpwsyd b 03gae o METEOSATY
Bs 5 My Bblis 53, 2 S e <5 e Gl
boolyor (s bl ogiz 5 08 (535 0 sl 5,0
& G plel o398 Cgir 0 Ses S g wg
S s QAT 4y e 0 Jolizme () 51 (6 Kty o
e a0y g o dd C-F S wazgi b oo S o0l
g b 5o Lo atiiy 0o 5o 8 il @ ol (s,
WIS e g 0D ool (o) e jobre slo Y
Gl e dled (B-Y JS0) 40 00,5 o adlate ool ey
S 0ga 53 oy 8 ,Shee dgaze Sloj o3k azs o aileles
A5 N (Gl oz Yl 53l oy w0 sl
olod ayal S ol pogy ¢ dome (6,lubb doais o )l yes
5 gl 50 s any oy 0 3 dgex e 5l (AU
Sl Lles Y S
oS SweS Glee 4 PM10 Sloy olyss
| 9> )0 §>g0 S 9 Q; u|)$ )L.\AA OMOWLN
Sl YV lldS 5l ey ol ool ools las ¥ IS o
S ole 8lo 2 VY 5o, VY Cela jo cglwand £9,5 5
a5 39 o odaline PM10 oy clale jo apuls g
caSayie ppSe S Aol Gl @ ol ity
g5y olos b Gilas ploy oul &5 ol 1o e
Sy SB g 05 lgb £485 29> 4 WRF-Chem

ol 0890 Fmim 1y ol adlaie

WWAF e Vojlos (oo 35k 0,90 ¢ s pole anlilad

BB



S g o8 clale o9l 0 WRF-Chem goae Jow slacabls

60N

FIAE G111 PIR 2VMEET 9799 FLWSCE FOWM DAL B011 R1IN2 20RICHKT AR +T5HA o35 55
«12M 2/ IR K100
TN 299 M O 2311 Q1 KA 4|8

S 3% RSt W B M MG M b M M E X

=

TIIRNNUUUENTHIRIDD0I 2305870 INNQUNERINNIIDD

3 kt} %
;'w
35

3 2

b

1 15
15 "
3 9

Al ;
3s 3 4 |
SMEEEN

1000 10:30 1900 1:30 1200 1230 1238 1244 1300 130 1400
BRS > gkl

ADe 5155 50 gliilen glasyy (€ YIF (595 p90 9 Jol 10 w5 &1 (Il g5 Bee 5157 50 glidlon slasiyyy (D 9@ - Y S
b lod (GHloj Oyt (F 0l et oo Giloj Ol yunis (@ METEOSATT Kol (o suizmiow yguai (A (ISl g5

Fig. 2- a) and b) Geo-potential heights on 500 hpa on 1

st and 2nd of Jun 2014; c) Image of METEOSAT7

satellite sensor; and d) and e) Time series of wind speed and surface temperature

Tehran PM2.5 Concentration

1200
..
900
%OO )
3 a
300 ° s L] ” { ]
0 \.N \

0 5 10 15 20, 25 30 35 40 45
Time (hours

Silwdasls 0yg0 Job ;0 PM2.5 cdale Siloj ol i — F S0
Fig. 4- Time series of PM2.5 concentrations over the
simulation period

Tehran PM10 Concentration

8000 %
., 6000
§4000
I
2 P
2000 ¢ % ®

0 St L.

0 5 10 20, 25 30 35 40 45
lFime(hours%

Gilwduni 0590 Job 0 PM10 clilé Sloj ol i — ¥ JSC
Fig. 3- Time series of PM10 concentrations over the
simulation period

AP e Vojlos (oo 35k 0,90 ¢ s pole anlilad

\Y-



Ol 5 JBSS s ol

310 460 610

760 910 1060 1210 1360 1500

(a)

JLw oo 818 35 1Y 39, 12UTC el o xbaw 3L g PM10 (ng/m3) &fyd cdale 6 5luwanad alds (a - & Jsi

99 S 55 31 &5 MODIS ouiomiow yogili BB+ z a0 Job ;0 B gled 5)95 Goc polio (b g NTAY
ool azr y5 Ix) S b b 5o gbaw 9 (yble (251! 895 32 S 90,5 (G5lwiyb 6l eI

Terra o,lgalo p culicwai iy lod 0

Fig. 5- a) map of PM10 concentration (pg/m3) simulation and surface wind on 12UTC, 2 June 2014 and b)
Aerosol optical depth on 550 nano-meters from MODIS sensor with a resolution of 1x1 degree

&5l 4t PM10 cdale polie olojl ciwly como
Levy et al., 2010; Hsu et ) wib oo Jow lawgs oo
.@l., 2010; Shi et al., 2013

6 5 o

3105 3 s S 50,5 gk (amghy cnl o
WRF-Chem  Jow ;3 eolazwl L YYAY  Jlo ol
2 Ol 50 0szse slangles lade 5 ol (giluand
a1 oS siludae wd ouyn O g8y b
syl ol ilusyls by b p &)
o519 4 oo sl anl g 8 g o 5 glidlen
Sheasl L 050 S g 05 ol clale oS LK
el 513,55 2 2V Suoal

5 PMI0 clle gloj spm (Joe (255 59
Sley yo cawys Iy SLSU e s b ;0 PM2.5
olej Joe 98 o0 ol &5 wmooe (LA plisk g4

el 03,5 (g3lwals S I gk Sl &5

oJlymsb o lalusgaze (Fp S92y o 4

0diZm FELS e Candy b 3ble sl MADE
@bl bli (& 59 Sl (Sew o )ls> 5k cnl (295
929 Dyg0 43 s5bired AL 55000 b 05l e
S i g (2Ll )8 s e W
Clale 051y )0 aliS (pal (BB 45 (6 pdy il B
aibe gilwans ase> 5l bl wjls S g 05
slachile hls Liges (luaS 5 5 )55 sbys G0
polie ds by b-0 S 0 a5 cll S5 50,5 YL
odizeiw yiogili B0+ zse Jsb ;3 bjslen 5 58 Gos
5955 3k slr eyl 90 <5 5 5 a5 MODIS
Vi) S Lbyo CJ‘“’ 5 oble G»éb‘ $9y 2 S
YWAY oloym VY b ol yp wules oo oolainl ax o
I3 SB g 05 5l gpolie o 055 0 atie
ol YL polie ogdlecenl Al xezs 535 by
S ol bl (555 200 Sl i AlLT L el
Gse 45wl ol SB 5 885 lsb mad

WWAF e Vojlos (oo 35k 0,90 ¢ s pole anlilad

AR



S g o8 clale o9l 0 WRF-Chem goae Jow slacabls

so bl 51 > )0 cconl ools &, ailis gl adlais

o9 onl S HE (G555
Olizrad 350 oo 03wl WRF o j0 a5 oulid s

sloosls o
slagiagn ;o &5 Cel 4288 sl 4 bg s
Oty el Joo (29,5 50 L ool Jule 9o coiS
ool (gladhie wbie o J8las cawl oo elate
el jle 905 Oy JeuS o fge SLDie)
255 L8 Joe Sl jo 5 oas
Gilwans oUlgs 5 ode WRF-Chem  Juw
oo ¥4 &l (o3le e cabld o ab 3lao 1,3
B85 gslwoslel &g yo8jls s 1 ol bl § 5
Iolses st sble slp Jlaml cw b
9 s lp WRF-Chem oo sl 9,5
xSt sbade> )3 ler CudS St
Gl D3 S Slez sloools jloslas] adl . 5
exe looan VT (loard sl p olie 4035 55>
Syalp yshite 4 (Jy 2wl CO 4 SO2 NO2 il
SleMbl 4 olitws lre slros¥T clale 51 5 580
2 57 Blan S5 S bl 51Vl i L
g 4 SBro sl &5 Sl 5lS 3500 b Lame

Al oo ol b 6 Sosluil g SYeb oyl

Ackermann, 1.J., Hass, H., Memmesheimer, M.,
Ebel, A., Binkowski, F.S., and Shankar, U., 1998.
Modal Aerosol Dynamics model for Europe:
Development and first applications. Atmospheric
Environment. 32(17), 2981-2999.

Binkowski, F.S., and Shankar, U, 1995. The
Regional Particulate Matter Model. 1. Model
description and preliminary results. Journal of
Geophysical Research. 100(D12), 26191-262009.

Forkel, R., Werhahn, J., McKeen, S.A., Peckham,
S.E., Grell, G.A., and Suppan, P., 2013. A Case

Slabisdle LB ol 4 PMI0 &l cdale pizven
S0 Olyd iy e o lid aS oul 3,590y yion
o )l (S olal Glsb g68s Lo o 92 0
S o 4 (6 st g 3 PMI0 ke (5]
o 3 Gy 4l S 905 oS deida Jue oS
o Shes S ylg5 o ol b ol 03,91 Camay HgiS
olie )5, ;o MADE-SORGAM 4t iy o g b
S slesg kS g0 8 cdale laie 4 PM10 coeS
i b i 31 olish (53l S5 5 s 5550
al 19595 5 (SAFcals)
> WRF-Chem soae Jow o ,Slas IS job a
9 Sibwdoe o 1) Joe ol 600,15 Cebl i iaghy
e elopglen slp ohy 4 dea CudS o
95 pdyoibe B Gble wibe oanb JouS gladeis
elbowd jalaie 45 005 oo anl (gl o adgi oLl
gl (S5 0,8 S oyl 0 s b«
995 JemS 59 Soe (LA sl S 5l
Caanl ) G5 5 S il asle S5
ol @ g o) )l Ll el 18555 0 (ol
o8l Sl 51 B sla L jo aS Slass Jdo 4 S

b slagiolp e 5 (alS ity
&b

Study on the Impact of Aerosol-Radiation
Feedback on Meteorology and Regional Pollutant
Distributions. NATO Science for Peace and
Security Series C: Environmental Security. 137,
357-361.

Grell, G.A., Peckham, S.E., Schmitz, R., McKeen,
S.A., Frost, G., Skamarock, W.C., and Eder, B.
2005. Fully coupled “online” chemistry within the
WRF model. Atmospheric Environment. 39(37),
6957-6975.

Hamidi, M., Kavianpour, M.R., and Shao, Y. 2014.

AP e Vojlos (oo 35k 0,90 ¢ s pole anlilad

\YY



Gen g JBSS e ol

Numerical simulation of dust events in the Middle
East. Aeolian Research. 13, 59-70.

Hsu, N.C., Gautam, R., Sayer, A.M., ettenhausen,
C., Li, C, Jeong, M.J., Tsay, S.C. and Holben,
B.N., 2012. Global and regional trends of aerosol
optical depth over land and ocean using SeaWiFS
measurements from 1997 to 2010. Atmospheric
Chemistry and Physics. 12, 8037— 8053.

Levy, R.C. Remer L.A., Kleidman R.G., attoo,S.
C. Ichoku, R. Kahn, and Eck, T. F., 2010. Global
evaluation of the Collection 5 MODIS dark-target
aerosol products over land, Atmospheric
Chemistry and Physics. 10, 10399-10420.

Li, G., Bei, N., Tie, X., and Molina, L.T., 2011.
Aerosol effects on the photochemistry in Mexico
City during MCMA-2006/MILAGRO campaign.

Atmospheric Chemistry and Physics, 11(11),
5169-5182.
Marticorena, B., and Bergametti, G., 1995.

Modeling the Atmospheric Dust Cycle .1. Design
of a Soil-Derived Dust Emission Scheme. Journal
of Geophysical Research-Atmospheres.
http://doi.org/10.1029/95jd00690

Moridnejad, A., Karimi, N., and Ariya, P.A,,
2015. Newly desertified regions in Iraq and its
surrounding areas: Significant novel sources of
global dust particles. Journal of Arid
Environments.116, 1-10.

Park, S.U., Ju, J.W., Lee, I.H., and Joo, S.J., 2016.
A parameterization of dust emission (PM10) fluxes
of dust events observed at Naiman in Inner
Mongolia using the monitored tower data.
Atmospheric Environment. 140, 420-431.

Prakash, J., Stenchikov, G., Kalenderski, S.,
Osipov, S., and Bangalath, H., 2015. The impact of
dust storms on the Arabian Peninsula and the Red
Sea. Atmospheric Chemistry and Physics. 15(1),
199-222.

Schell, B., Ackermann, 1.J., Hass, H., Binkowski,
F. S., and Ebel, A., 2001. Modeling the formation
of secondary organic aerosol within a
comprehensive air quality model system.
DOI: 10.1029/2001JD000384

Shao, Y. (2004). Simplification of a dust emission
scheme and comparison with data. Journal of
Geophysical Research D: Atmospheres. 109(10).

Shi, Y., Zhang, J., Reid, J.S., Hyer, E.J., Hsu, N.C.,
2013. Critical evaluation of the MODIS deep Blue
aerosol optical depth product for data assimilation
over North Africa. Atmospheric Measurement
Techniques. 6, 949-969.

A% ¢
& &l
b

W

WWAF e Vojlos (oo 35k 0,90 ¢ s pole anlilad

\YY


http://sci-hub.cc/10.1029/2001JD000384

Environmental Sciences Vol.15/No.1 / Spring 2017

115-126

Capabilities of the WRF-Chem model in estimating the
concentration of dust — A case study of a dust storm in Tehran

Amirhossein Nikfal*, Sara Karami, Abbas Ranjbar Saadatabadi and Saviz Sehatkashani

Atmospheric Chemistry and Air Pollution Research Group, Atmospheric Science and Meteorological Research Center
(ASMERC)

Received: April 6, 2016 Accepted: February 8, 2017

Nikfal, A., Karami, S., Ranjbar Saadatabadi, A. and Sehatkashani, S., 2017. Capabilities of the WRF-
Chem model in estimating the concentration of dust-A case study of a dust storm in Tehran. Environmental
Sciences. 15(1):115-126.

Introduction Although in recent years several dust models have been investigated for the Middle East, we
need to undertake more studies on verification of dust numerical models for the Middle East given the vast
expansion of the region and the creation of new dust sources. Several researchers such as Marticorena and
Bergametti (1995), Shao et al. (1996), Marticorena et al. (1997), and Shao et al. (2004) have contributed to the
development of integrated physical wind erosion models which can be coupled with meteorological models.
The parameterizations used in these models include processes such as salination and creep of sand particles.

Materials and methods In this study, numerical simulation and observational techniques were used in order
to analyze the dust storm that occurred in Tehran on June 2nd. 2014. The WRF/Chem V3.6.1 model was carried
out for two days from 1 to 3 June 2014 by GFS analysis data for the initial and boundary conditions. For this
study, an advanced MADE-SORGAM scheme such as the aerosol scheme was used. This scheme is based on
the dynamic modal model for particulate matters in Europe. Particulate matters in the MADE aerosol scheme
are modelled in the three modes of Aitken (less than 0.1 micro-meter), accumulation (between 01 to 2 micro-
meters) and coarse (greater than 2 micro-meters).

Results and discussion For the verification of the model WRF/Chem using post-processing programmemes,
PM10 distribution maps are provided alongsides its concentration. The coupling of the small-scale deformation
field with a lower tropospheric cool pool as a result of mid-tropospheric cloud precipitation resulted in the
genesis of Tehran’s dust storm. The results of the model WRF/Chem for PM10 and the surface winds on 2
June 2017 is shown. In terms of dust distribution, the model could determine the main internal dust source and
differentiate it from the dust mass originating from eastern Iraq. Because of some limitations in the MADE
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aerosol scheme for the regions with high topographical features, its results might show over- and/or under-
estimations. Also if there are errors in the land use data and the erosion properties of soil, the model results
may show a discrepancy from the real measurements. Some regions of the simulation domain such as the
eastern Caspian Sea and Turkmenistan often show a high concentration of dust which, by comparing them to
optical thickness data of MODIS satellite, is determined to be consistent with reality.

Conclusion In general, the results of the WRF/Chem model in this study proves its practical aspects and
capability in modelling and predicting of air quality, especially for dust particles from natural emission sources
such as aeolian and erodible soils. There have been considerable changes in land use and the likelihood of
erosion of soils in recent years due to factors such as climate change and vegetation loss in the Middle East
region. However, the geographical data used in the pre-processing unit of the WRF model belongs to previous
years and this can result in errors in the results; therefore, consideration of the fact that, on the regional scale,
the geographical data with high impact in dust emission modelling must be enhanced and corrected is of great
importance
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