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A Study on the Outbreak and Transport Processes of
the Severe Asian Dust Event Observed in March 2010
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Abstract

The source and transport of the severe Asian dust event (ADE) recently observed in the Korean peninsula were
analyzed based on observations (surface weather charts and satellite data) and modeling study (WRF-CMAQ mod-
eling systems). The ADE occurred on 20-21 March 2010 in South Korea with very high PM,, concentrations (up to
approximately 3,000 pg/m® in Daegu and Jeju). The dominant meteorological conditions affecting the dust outbreak
and transport processes were found to be associated with the two synoptic features: (1) strong airflows (i.e., wester-
lies) induced by a strong pressure gradient resulting from a dense isobar pattern (west-high and east-low) between
Tuva Republic and Mongolia and (2) a rapid movement of the strong westerlies merged with airflows generated
near Gobi Desert and Inner Mongolia. The merged strong westerlies with a low pressure played a pivotal role in the
huge amount of AD and its transport height of 5-8 km. The time and location of dust emissions calculated in the
source regions were similar to those observed in the weather charts and satellite image. The ADE simulation mostly
showed agreement in the patterns and the concentration levels of modeled dust (including PM,,) with those of the
observations.
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7l wheh 2R o ERA oA T2 AL
PAF E =AY gl Ei8k A 8l 24
12 Z3Hste] Q7] dhEoll (Yu et al., 2006), =
A%l e F= AL B2 AHtSE A%
7] el of2le, AxUA Wzl 3t 7)Y
A 57} 5 ohre 1T 830) 2 WleiE %
wetct &2 A Qlth(Korea Environment Institute
(KEI), 2004; Kwon et al., 2002; Monn et al., 1997).

ko] WA o] 2HRL BAZL FalZo] 913
& aluhehs A2 - 71getEel 2.9l 3 AL g
& 27 23 Atk 5o BAT AL Ao YA FF
o] A3 7HeHolE A WEsF 2FY E1 9
t}(Song and Kim, 2005; Kim et al., 2004; Choi et al.,
2002; Chun et al., 2000). -A}2] H3FH 9= w9 o]
fas Seuets dold Uiy By 1w B
n7bA AAY aEE7|E StEE, B AFAES
o] AL FHoE A WA 9 +FHAHE st
3 9E dpsty] gt ESATLE Fsto fot
(Tsai et al., 2014; Song et al., 2008; Uno et al., 2006,
2001; Ginoux et al., 2001; Hacker et al., 2001; Husar et
al., 2001). 3t A} FR R 9| S A =S FFA
7171 S8 LA 2dg 7|9he] A wiEF A
23} VAT P A7 AP o] gk (Shao et al.,
2002; Gillette and Passi, 1988; Westphal et al., 1988).
Seuet w3 A HEFE AL} WA
o] A& AL Esto] A%t vl 9l (Zender et
al., 2003; In and Park, 2002; Ginoux et al., 2001; Wang
et al., 2000), o] & 7|¥te 2 3lo] 7]AMRL WA
ADAM (Asian Dust Aerosol Model)(In and Park, 2003)
g S5 PAITE AYstgon], Ao Sk
ADAM2 29 & o|g3to] 3ol W] A7 4
st Qlck (http://www.kma.go.kr/weather/asiandust/
prediction.jsp). o] &lo| &, A7) = & o] &3t ZIV|AH
HA o932 (Song and Kim, 2007; Kim et al., 2006; Kim
and Song, 2004), 2tolt], ME=EHH, AT Y 5=
o]- &3t Fate] F3HEA A (Chun et al, 2001) 5ol
Qleh.
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2o FAATE A&HoR Bad ot A
109 87} (2005~20144) Hitz=of] #EE AL A

)

o L

do o¥

o o 2 o
oy lo

£ X (Korean Ministry of Environment, 2015), & &
FAHEIES AQJsties HaF=rt LAZE F+ 413
(20129 77])~2,941 pug/m® (2006 X&) vehgte
w2 a9 3¢ 20Y PMy, s i =5 elA
A7 B 3,135 ug/m’, AIRE AAZ FEFolA
2,985 ug/m*S 7123k o] AL FAHE 147t F
o = v oF 4u) & Aoy, T 109 |
e 7P A SR & 4 Qlok(http:/iwww.,
ytn.co.kr/_In/0108_201502231312401101). ¥ ¢4 =
A ATLEHN, 22 vt Yehd Fote] At
AR (20109 3¥ 20~219)E o= Ak &
A, AR A e R Y pEEHE BE, A 2F
Ao FHREA 9 FEEE, a2 A I
B dS 52 €71%, PMy, 5=, A8 A=t 3
AL 717371 d Rl 22| ARE o] g5t
ZgAIEHA A8

2. Mg ¥ Y

2.1 977|Z I

2 dToAE A2 et ot g4 A
2010\ 39 20~2193} ALY HES AR 3
o) why o S 1T PM, FEY EE
AR 7] $1ste], 71709 Fothlot Ge) F
7%=, BAA=E (MTSAT-1R) 9 2 9] 1ge-F7 4]
4= (10ODI: Infrared Optical Depth Index) FAA=, $-2
Uet 2 49 A7 PM,, SEAR 5 0|83
Aok FHY71=9 I0DI F4A=E= 242 7133 =
7171 A A E (http://nmsc.kma.go.kr/)of| A A|z-o}
ggotgen, PM, A= SAHR Ast 2 =4 WY
718 EAAHE (53], 7Y =95 AA2Y F
F8) oA BET A ARt o] Yo, ALAL
Y9 Fte Moo gt PMy, 5% B EAS &
otR 7] fjsto] tf7|AF ARANA A FsH= Al W A
A FuHEEE o] 835tk (Korean Ministry of Envi-
ronment, 2011).
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Fig. 1. Coarse (Domain 1) and nested fine domains (Domain 2) for the WRF model. A-A’' (50°N), B-B' (42°N), C-C'(38°N),
and D-D’'(33°N) indicate the vertical cross-section lines.
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H<== [0A (Index Of Agreement), RMSE (Root Mean
Square Error), MBE (Mean Bias Error)o|c}. o}-&8] <
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22 22 74 & o™ K=
= ATelA 718 5 AR SARE A3 o
H 714 gi714d nde 7k WRF (Weather Research

7SS IA A 32 A A 3 &

and Forecasting, version 3.6)¢} CMAQ (Community
Multi-scale Air Quality, version 5.0.1) Z2lo]t}, WRF
24> NCEP (National Center for Environmental Pre-
diction)Z} NCAR (National Center for Atmospheric
Research)7} 35 7I'det &4 b4 w4 (Fully
compressible non-hydrostatic) %4 42 AME-stct =9
A= Arakawa-C AAAAIE AH8stal A7 AAA=
= =olet APl ZASt] M2 714 Eulerian A%
7 AE ARE-3tct(Skamarock et al., 2008). =3 WRF
24l NCEPoA d¢lof 83l 2 Zd=A dA A
ARoz del wgsol ge Ao ol$Hy Ut
(Advanced Research WRF (ARW), 2014). CMAQ =&
= 71A R AR LdEES BYs] AR A
T Setpdrdoln, 53] & dAFolAs FAF H
PMypoll thste] 21219l 93 7H o5+ (multi-
scale)®] 71/¢@ 3t sFshkg-& AAIA of2 7HA] &
HEZ o A5 AgS 13 gTh(http://www.cmascenter.
org/).

7\Edel WRFS] $2me) oo 13 13} o
30 km (Domain 1)9} 10 km (Domain 2)9] SAZA=
AHg5t9Th 2, Domain 1S = 124.04°E~129.11°E,
O]%= 31.87°N~35.25°N©o]1Z, Domain 2= Domain 12
nested down sl= d QojA 1/3 H|&E FASIAT.
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7R 27)/AA 270 o8 A& NCEP/
NCAReA Alg3dh= FNL 24 A= (6417 1H4,
1°x1°9) =) ol &3kt 714D 8 &7
RAoA = e AL 243 WS Kain-
Fritsch scheme (Kain, 2004), &%) 33t njA&E
2742 WRF Single-Moment 3-class scheme (ARW,
2014), gutel whwt o)7|BA HAHS 22 RRTM
(Rapid Radiative Transfer Model) schemex} Dudhia
scheme-& AR2-3}9ith(Dudhia, 1989). E3t t7| F A&
9] A& YSU (YonSei University) scheme2 AF-&-3}
gtk (Hong et al., 2006). 28 $3ofA EXTFEZE=
USGS (US Geological Service) 30z A&25, XA =
= SRTM (Shuttle Radar Topography Mission) 30% =&}
25 &8sttt 2ds 7)7-2 20109 3¢ 16% 00
UTC (09 LST) ¢ 20109 3¥ 21 18 UTC(22¥ 03
LST) ez ARsigion, nd 27|29 £

£ 92 Faslelr] st A F (24X E
spin-up 7|7Fo.2 s}ich.

CMAQ =g ¢] e HEZof thet 271/7A 27 olA
2dg 7|17t W A2 2d YollA AFshe 7]
LHEA 2 A7 E 8393 (Stockwell et al.,
1990), 2 o= (o, A AA &)Y =71/A3A=
A AEe 4 AgEHe 919 vz A G(EA ¢

ALE, AR 42 4 92 o18)9 2HE o)%
to] =83} tt. CCTM (CMAQ Chemical-Transport
Model) T4 o]l 0] &8 ofo]2Z v|# &S AERO-05,
33k A Y& SAPRC-992 &g3stgon, 43 9
AR &A= ZHZF multiscale} ACM2 (Asymmetric
Convective Method 2) scheme, =% 0] 7= PPM (Piece-
wise Parabolic Method) scheme& AM&sH3 T (http://
www.cmagmodel.org/).

AL ETE APsH] YA WA WRFY &9
25 CMAQY e Z ulHF+= MCIP (Meteo-
rology-Chemistry Interface Processor) 42 43§35}
o2 E HojAL 7AARE BE3te] 72U
ABEAQT Bl et oh2A Uehts dAubEs
= (us, threshold friction velocity)E AAtstgch 2
A EFE 579 EYEY 529 EFHE 55 9l
435} 34| (Gobi), =) (Sand), =& (Loess), &3
(Mixed) & 47}1x 2 L8351 cH(In and Park, 2002).
3t ShAL 9 R 9] 247 A]RA R (USGS, US Geologi-

¢

{0 r[o

o

cal Survey)® #8313 ofo] e AN 1efst
of % B (F)S AATH(Lee, 2000). vHES
= ()7 YATHESE () ol ¢ ZErhe 27
stoll HEH 02 WEw AYAS thewt P,

F,=>(1—fR) X 5.2x 107U (U. > Uy @)

AZIA Uy GARPREE, f A A AYRE
g R A AYRES] FHAAE |t o] &
T 2 dFolA o] &E AN wiEF A=l W, &
olxJo} g -2 CGRER (Center for Global and Region-
al Environmental Research)oj|A4] A|&3}+= INTEX-B
(Intercontinental Chemical Transport Experiment-phase
B) (Zhang et al., 2009), $-2]ute} et e FYEH
Tetol A A B 7} wjEF MEE] CAPSS
(Clean Air Policy Support System)& &-83}o] A] - &
7t ExE B A35F¢ ok (National Institute of Environ-
mental Research, 2010).

.2t A
3.1 A2E 0|Set &Atel &Y 3

4>
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a9 2 B A7ARIY 20109 39 209~21Y
of yehd A= F8 =A19 AZPE PM, 1 5=
(2™ 2()h dto] =dEH AFE AAZ 535
AR BZE PMy, FE9 AAL (2Y 2(h))e W
Ehdlich A= F8 =A] F 219 PMy, F=7F #5E
2E ot Yoz oF 3,100 pg/m 0|, I th
22 AAE FEEolA 3,000 pg/m’e] o]2& £ 5
Uetict W, 3 2EFH A2 A F A
7z} oF 900 pg/m°7t 600 pg/m*o.2 7P Wt kr s
BAH(IE 2(1). 7P Ls=rt B5E 9 =4
T4 AAE $&5Y PMy, = AAES B (T2H
2(b)), 3¢ 20U 06X E 209 16A] o] W7HA|= ofef
300 pg/m® ©]3k] PM,, F=7h TEE AT 0] F 209
19X ~20A] o %7} FZ3ho] (2F 1,000~2,000 pg/m®
o|4) 20A]~234] Atelel 21 4=2] (2 2,500~3,000
pg/m)E BRom, oA I o|F2 FH3] H2dk
o B AAZ F55Y A5t =Ll Hs &
AT R AT FE F7F Aol 25 wWEL
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Fig. 2. (a) The highest PM,, concentrations (hourly mean) recorded in several cities and districts of South Korea and (b)
time series of hourly mean PM,, concentrations observed at Nowon-dong (Daegu) and Donghong-dong sites
(Jeju-do) during an Asian dust event (20 ~21 March 2010).
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=8, ol= dubel T:HEM o= EH?LXI@N HiA), ol= FAFUAE AF o FHAE = A= A

Ao} v wske] Tha th7] o] £A FeL 3 715(eF 10mis)E SuFTHAY 3(). T, 94
o}, Ao o] AZhefe] GAALETL T8 heA
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W= D SIS e GHGHL AR 29 7|9 Aol oF 40hPacl gtk 199 094 (00
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Fig. 3. Surface weather charts and MTSAT-1R 10DI (Infrared Optical Depth Index) image in East Asia at (a) 18 LST on 18

March, (b) 09 LST on 19 March, (c) 18 LST on 19 March, (d) 09 LST on 20 March, (e) 21 LST on 20 March, and (f)
09 LST on 21 March 2010.
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(Uno et al., 2004; Kim et al., 2002). o235t Z7|A}¢
E4L& 20109 34 209 =2 2% E& ofgte] 27
uete] 8 Z=AA PMy =71 §53 78 99
o] Hof I AIZtthof sk PMyo] HSEHFLH, £
& HuEEs}t Yehte ABHE A2 SAstdt
(¥ 2). g4, 21 09A] o= -2 vhetE &3] Bl
U QEueFo 2 SAH |7} o] E3eS <& 4 Qlk
(=™ 3(f).
2 A Y (38 20~219)e) FBY B
2 FUAQ TR FAA )OI TAste] ¢
vz f4des MAAA WA (O 3L o, oF
1~3km ¥ 3~5km 41 =)I= 2F th2oh(Park,
2014; Moon et al., 2011; Yoon, 1990). 22Fs}H, 3¢
189 Eolgsiaat $2Y A% AAX el H 2uG
S o @ Qs et FIg A= el waskn ol
£ 4 1R HDT S Bek ol e A
% 7187t 08 ¢ e L 2A0 wae
IR0 A2 TAA Bad e a0l e #e
S5 (9 1~29)2 $EAE Feolth EG ol
59 AEa) AT 2 21| WER A
A7\ WA Wl fuA FAE Eake 43t /1R
7F SEyetE2 §94" Aoz Az = (Jung et al.,
2014). =) THE FAA L] BUA) F9 A7| Gt
17199 719 ol i 20~30 hPa(Yang, 2016;
Kang et al., 2012; Moon et al., 2011)¢15], & AGLAL
o] 719} Aol oF 40hPa(1 3(a)~3(C) 2.2 A 4
Haoz /lgAeol 24 g5tn Sete 2o
2 7157} olFetA TujAbe W EE e )
Fob PHA Bt e A HolE urk was
AT o] FH Ae=Z W Moon et al. (2011)9])
o|st, 20099 3¥ 17 AL A= A5 1~3kmE
BustEA QiAo R ok Bt Uehdths o
e WEY o Uk T, DI HYIL 7
o] 99loz 93| Al v 9|9} 2L TAH L
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A e sYstdn 1 2
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g9) 9 CAPSS (gt 99)E &-83t AHF PM,, vl
£ A - T BZE yehdith 3 wiE BE
£ 2 (3¥ 4(a), 3¢ 189 1247 EH (2 ¥ Zilil) 18
A 7o vlo]Zs Az EL(45~50°N, 90~95°E
2)oll FAAA| 7L v &= AchH(F L 2F 1,000 mg/h/m? )
o] (9L FF A Hu} Fupgsl=e] AAAFL
2 3A GEAA g2 Abro] YA|skaL gict. o] 19
U 06A10f viZo] 25 FaiAIth7l thA] 199 124] %
Bl 18A|7hA] au|Abeta WEZollA gt SabiE
(1 2F 1,300 mg/h/im?)o] Yrebdt. 53] wiEw &zt
Z=2 5s o 199 18X 7P B2 ko A
A7 iEE Aog FPEch Avtyos A wiE
F A - %—{ L Y71=9 919 F Hx oi"
I frAReE Aoz Al Eh 27 4(b)Y AHA PMy,
& B % E‘i ARHeR F= F5Y U
A BZo A AR 4o viET ol Ay
2 A ol HHEEP*E} A& S0, 3¢ 19% 06A]°f
£ 50mg/him* A= 9] tha 22 wjEFE Hole ¥t
™, 199 12470 <F 367} S0l 100~150 mg/h/
m* =9 ge wjEaFo] S B FFF Y
@A Soll &3t PM,, BiEF-E SART AR oA 9] Hi &
ol Bl oF 108 F= 2 £XE Holu&, o}t
2te] PM,, 5% EW% = WL 9 Aol ot
FFo] Wi 2 AR difdh

a9 5 T1124§ Sl FHE A w=9) kgt
HE 9 F40] A] - FHEZE Yehdct 201049 3Y
189 18A]F ¢l thFe] S MiEEHAE (2E 4) vt
ol 39 NHE R (FHlsdaa 2499 A4
Q)| A Te= o] AT 8,000~9,000 ug/m® A
T)7t FRE e, 199 18Xl HANY, g,
FEILY FI2oA oA Wl g2 FE(HL
9,500 pg/m*)2] A7} molE|Qict =3t 39 199 18
A O] ZRE 209 124] Atole]l FALe] FIHREE A
& gE st Ut A £2oz w2A(¢F 10
m/s 0|4} th7kA I 9lth(eF 3,000~3,500 ug/m?). 0] %
209 22717 o= FAH(SF 3,000 pg/m®)7t $-Ejutek A
(53] AT AFr)S Ade sHEENe
(7" 59 W o), I o]F2 AA3] LUE &
3] Hojuf d& wakoz estA Avk(ad A<).
ol2]gt FAte] 3 11 39 FTHHEAH 6t
ozt & AFFA LS et AF 717t aH|AL
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Fig. 4. Spatial distributions of (a) hourly Asian dust emissions (mg/h/m? calculated by threshold friction velocity (ux,)
and vegetation information, as shown in Eq. (1) and (b) PM,, emissions derived from INTEX-B (for East Asia) and
CAPSS (for South Korea) at the surface layer of the study area.
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Table 1. Statistical evaluation of meteorological variables between observations and model-predicted values: results
compared at several monitoring sites in major cities of Korea during the simulation period (01 LST 18
March ~ 00 LST 22 March).

Air temperature Wind speed
City
10A® MBE® (°C) RMSE®(°C) I0A? MBE” (m/s) RMSE® (m/s)
Seoul 0.82 -3.12 3.37 0.81 1.18 1.68
Gwangju 0.90 —251 3.17 0.60 2.01 3.08
Daejeon 0.85 —2.59 3.65 0.46 3.66 4.44
Busan 0.84 —3.60 4.00 0.78 2.33 3.44
Gangneung 0.69 —4.89 5.27 0.40 4.97 5.93
Daegu 0.85 -3.35 473 0.58 3.49 4.29
Jeju 0.87 -212 3.07 0.74 2.29 3.69
*I0A: index of agreement.
" MBE: Mean bias error.
“RMSE: root mean square error.
18 LST, 18 Mar 2010 18 LST, 19 Mar 2010
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Fig. 6. Longitude-altitude cross sections for the concentrations of Asian dust (ug/m® simulated by the CMAQ model in
the study area.
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