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Abstract

The anthropogenic aerosols originated from the pollutant emissions in the eastern part of China and dust emitted
in northwestern China in Yellow sand regions are subsequently transported via eastward wind to the Korean penin-
sula and then these aerosols induce high PM,, concentrations in Korean peninsula.

In order to estimate air quality considering anthropogenic and dust emissions, Comprehensive Air-quality Model
with extension (CAMx) was applied to simulate PM,, concentration. The predicted PM,, concentrations without/
with dust emissions were compared with observations at ambient air quality monitoring sites in China and Korea
for 2008.

The predicted PM,, concentrations with dust emissions could depict the variation of measured PM,, especially
during Yellow sand events in Korea. The comparisons also showed that predicted PM,, concentrations without dust
emissions were under-predicted while predictions of PM,, concentrations with dust emission were in good agree-
ment with observations. This implied that dust emissions from desert and barren soil in southern Mongolia and
northern China minimized the discrepancies in the PM,, predictions in East Asia. The effect of dust emission on
annual PM,, concentrations in Korea Peninsula for year 2008 was 5~ 10 ug/m’, which were about 20% of observed

annual PM,, concentrations.
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Fotrol A 9E FAZ A4S 2 TAIEE Qs
ATtEFO o3t L EEA HiEol FUksta glew,
AANA 7P 2 A9A LEde wiEshe S5l
A8l QUTh(Zhang er al., 2009). $Evets St
st QlaL, XA E44 HAFe] AuAY A
S Fok Sl A gleng FxozRE wiEH
L FEZ] Rt o]fEHe LF= mAHA7}
veldo} (Koo et al., 2015, 2012, 2008; Lee et al.,
2013, 2011a; Park et al., 2013). FZ 2013 1Y =2
Hlo| o= A wiEw 9 o719 A3t P EHE
sl gt AF7E DA o PM,; AlZE Hf 5=
7} o] Aol 1000 pg/m’o] LFEFETH (Huang er
al.,2014; Ji et al., 2014; Wang et al., 2014a, 2014b). O]
717t Ft w0l Aol AR e AF= Fot Al
Aol AT LUt % I A Hof o]FH| oF
200 ug/m’, 50 pg/m’® 0]A4+e] 1w 2 BRAEHS] TH(Park
etal.,2013).

EZ obxJo} A2 ANAR] HiEF ol AR T
A A 29y ], EE, FELY 9
Aol YA glom, TUR| AN TsE FAE

Fotalol 9 $eltet 7)o
Park (2005)2 A} v & A 2E21 ADAMI (Asian
Dust Aerosol Model )& &-&3}o] 2002 3¢ 21~
229 9 49 7~9Y IFE AL AL Lol Hisf gkt
T AFoA TEH 1500 ug/m’ o)A AN HA] FEE
A A3 HAFSFH O W, Park et al. (2010)-2 Normalized
Difference Vegetation Index (NDVI) data A}=20f 7|9k
3} reduction factor® 1185t ADAMIL 7|43k
ADAM2 RS o] §3to] Bolxjo} ML oz
20079 &3 ALE FAF AHEYS Brsteen, &
AR AR W e 2] o] ShAbe] o7t MR A]
F& BrHHg

wheba] B A= A9IAQ e ot 13k &
7Y AFEEE S AAHE 27 o2&
ofyzt Aoz wiEd At sl FAHEER,
4713t ForAlok Ao wAHAE HAFsE7] fisA
= 9994 2 #4dH wjEds A st dirig

A} hzTpo] Fotaloh A PM, =] nXE 9F 33

A& Bt Aol uhrsi.

o]l#et AL 183}9] Choi and Fernando (2008)<
Westphal dust 2E& ©]-83t1 MM5-CMAQ =225
AE"ES 5ot ol W AR FA A9S i
O 2 19994 AL A Y-S H7FsF 2™, Wang et al.
(2012)2 27}A]19] online dust emissions schemes (the
Zender and Westphal schemes)E Community Multi-
scale Air Quality (CMAQ) modeling system version 4.7
o EZ3A|AH WRF/CMAQ-dust 2d & A|AHS L&
st SR A 9E ez 20019 488 tfsto]
dust®] FeS FHrlstATh E3F Han er al. (2012)2
Gillette and Passi (1998)9] 7]5Fet A& 4] (Han et al.,
2004) o]&3}lo] RAMS-CMAQ 2E18 A|AHLS L
F3h1 Fopilot 4GS o 39 FA A AL
H7FBHSIE. Park ef al. 2013 FotAlol A4 L by
©2 ADAM?2 Dust ZES 7|Hlo 2 WRF-CMAQ &
W A9 THFGI, FobAlo 43t AR o
E 7|700] 91" 201349 192 SO 2 Bobxlot F &
HE= 2| Gof mAA] =5 B7FsHT

Iy 2 A9ARL v E S e d iR
A AFES FA AHEY S ddes B 71t 5
St B7F ARE 7] ol B3t setedrds
285t t71d F7t Al FARE S 28T AUA
gt A|A 7 wlEstet

AR FAA QL Gol= 714 ol A 241 F4t 400
WS Aoskar Ak =l
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A P oFgt Ab=

Fe APdlof 517] ol &

Aol A= otAloF A Fofl A TAst= e HAFA]
£ FAtete 8ol SYsto] ARgskiH

kA 2 ApoAE 2008 A V7S iAo R
71 At E mdg2 g2E= ADAM?2 dust &
< Agston, tf7]d RAPA A WRF-CAMx
T3] FofAlop 9 b= 2o Yir]d mAES
T35t 712 B7he S5 2 SW A9 &3
A2 E B83to] Fobrlol Aol Aol FAL vl ETF
g A3 AP=E 4t olo wE Adawt
9 Gl sl AEStaLA} g
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2.1 SALHEE BE

ADAM 292 WMO 3417t A=t FAA QL W
< o] gdto] AR WA 2AS AAsteE 7] A
75 33l 20039 LAt (In and Park, 2003,
2002). 7] A5 7|REC 2 AL HYX| 9 AA B
ARE TEIT FA WY Aol Fast Azl
UA vhE £ E APgstElen, B AHEE, 71
T FA A 20E N 9 FAS ST B3 B
oF AAA QA AL i EFE APE ] flste] A9
EX &85 B85t (Lee and Park, 2005). &
<ol ADAMIETE {2 A& oz AL &
4 qEARE AFst7] st 71E 2d 994 20
~60°N, 90~150°E°j| 4] 5~60°N, 70~150°EZ &tjjs}
Qom, 44 B2 WA Ag % WYFS A5
23} Spot/Vegetation NDVI®}F WMO Z=2E ]85}
ol ADAM2E 7|8}t (Park ef al., 2010).

Fo= S (—fR)X 107 X0’ if (. >u.)

7 A, F = A EHE] 3FA} uj&3F Flux (g/em’/sec),
we TS Ems), ue € 9 EY 38 dASE
(m/s), fi= NDVI 29| A A& {3 >G)ol o
£ H1&, 293 R= AR Y AAJAAE e o
A&e D A AR el gt gh2 Park er al. (2010)9]
A5 A= ol A Sl

2 Aol flollA A¥E ADAM2 AL HiETF
REg Asto] FAL S-S AYsHATh

2.2 29N HHE™

TS AT Fotlot HiEF AEE 05°%05°
Intercontinental Chemical Transport Experiment-Phase
B (INTEX-B)Z2 & 88314t} (Zhang er al., 2009).
Electricity Generation, Industry, Residential, Trans-
portation®] &R g 2g]o] SO,, NOx, CO, non-
methane volatile organic compounds (NMVOCs), PM,,,
PM, s, black carbon aerosol (BC) ¥ organic carbon
aerosol (0C)9] F 87119] A7+ vi&FS 2-8siien,
Aol uj&3FL The NASA Transport and Chemical

IS A 2 AL =

Evolution over the Pacific (TRACE-P) 2000 &%
et

S HEFS FHSF AL AEE 7=
AR AR YA 2" (Clean Air Policy Support System:
CAPSS)& A3l th(Lee ef al., 2011b). =4 CAPSS
2008 Hj &2 HlAFHA o} YA 4zF 7HE ALY wlE
o] A AR ¢ro}, B & Lo AL Jang and Kim (2011)
o Iy A AR YA Ax MiEF 2A ARE
71& 2 wi&so] 243ttt Jang and Kim (2011)
o QoA MAA AHe B4 U WER, B4
4 FUEE BoplA Agstglon, AAaE FY
A E =47, Yirda 9 urjgto| 27y wiEd
& st

2.3 X992 =2&E

2 d7olA shetedrde vl ENVIRONARZL
7§t Comprehensive Air Quality Model with Exten-
sions (CAMx) version 6.0 Z-&3}$tH(ENVIRON
2012). 7142 d-& Weather Research Forecast version
3.4.1 (WRF v3.4.1)& AM&3}93 (Skamarock and
Klemp, 2008; Borge et al., 2008), ¥j&% dlo|gH=
Sparse Matrix Operator Kernel Emissions (SMOKE)
version 2.7¢] 9J3f &5}t

WRF2] B9 ol& ofxlo} x|olo® (82°~149°
E, 18°~53°N) 19 13} ot 2d3 ZHX &= 27x27
km’o| 1L, ARG 177X 14782 FAS g o, A2 &

Fig. 1. The modeling domains to simulate the air quality
in East Asia region.
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332 Carbon Bond-V (CBO5)& &34
(Yarwood et al., 2005), o|o]2= 3}8HE-2-& Coarse/
Fine (CF)E AHE-3HElTh T3, o] F bAoA AR
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AL i EFol SotioF A PM,, kol nAl= 9F 35
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o83t Z A 9E WL firjed FE7F FHEHL
Sith 53 APl 4RE med Aset vmste] 7k
5171 HlsiA 4 APL A8 UE PM,, == 24
3} tH(The China National Environmental Monitoring

Table 1. A summary of modeling option and emission
data used in this study.

Model option CAMx
Model version Version 6.0
Horizontal resolution 27km
Vertical layers Nz=17
Horizontal advection PPM
Vertical advection Implicit
Horizontal diffusion K-theory
Vertical diffusion Eddy
Gas-phase chemistry CB6
Gas-phase chem. solver EBI
Aerosol chemistry CF/ISORROPIA1
Dry deposition Wesely89
Emissions 2006 INTEX-B & 2008 CAPSS
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Fig. 2. Location of PM,, observation sites of Air Pollution Index (API) in China and Air Quality Monitoring Stations
(AAQMS) sites in korea. Red cycles in left map are APl monitoring stations in China. Another red cycles in right

map are AAQMS and green triangle in right map is Seoul weather station in Korea.
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Centre (2007)).

2008 71 S APL 3/HAIHE 74X & =5t
Feut PM 0] F LFdEHZIAE 7Ite] AF 80%
(292%) oYl AL st 26X WS HdF
Bkl ol &ttt TR, Il A H2S A& 2770, FAE
1770, S 11, 1 1570, 335 70, o 770 2
AP 137 AL F 9T drIEAY ARE &
sHATHHE 2).

oo o

3. g+ Zx

3.1 7|¢=2 Zn} Hlw
d71d mdof Ao oA 714Rd 2IE A
A7V SA8% vastel FREE Z43HAT-
Bl 7|32 5,718, SE0lAL AR S Al

IOA (Index of Agreement), RMSE (Root Mean Square

Error), MBIAS (Mean Bias)S AFg3}9ich mElg A
T £AS A% FAEA BE W82 Willmott
(1981), Willmott (1982) W EPA (2007)¢] AAIE o] QL
o}.
ANAE 2 AL 21 F5, =YL S 4
Ao g wdgro] ZAQGT # =
AZPASE AAs] BAlstaL 9lom (1 3), 2=
HEE= 247 I0A7} 0.99,0.88, F42 0712 7|A4R
9] AYPL = AT E2 AR AHHT(E 2).

3.2 SORAIot XI% 7t

3} o] obxlo} tj7)de] nlA gL sfet
S4udYL olgste] BAstath B4t BT 1
3ot 714 H7FE 938 Harbin, Beijing, Hangzhou,
Jingzhou ¥ Chongquing & 5A 9] =+ APl 4%}
=29 Y A3E Bl
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Fig. 3. Time series comparison of observed meteorological parameters with those predicted by the WRF in Seoul.
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Table 2. Performance statistics of the WRF for meteorological parameter in Seoul.

Mean Obs Mean model I0A RMSE MBIAS NMB
Temp (°C) 16.13 16.29 0.99 145 0.16 1.01
WS (m/s) 2.50 2.66 0.71 1.51 0.16 6.28
RH (%) 5944 55.32 0.88 13.20 —4.13 —6.94
Table 3. Performance statistics of the CAMx for PM,, in China.

Mean and Statistics
Sites
Obs. (ug/m®) Model (ug/m?) I0A NMB (%)

Harbin 112.0 304 042 =729

Beijing 143.0 82.8 0.46 —42.1
w/o dust Hangzhou 1204 779 0.59 —-353

Jingzhou 98.5 449 0.48 —544

Chongquing 118.3 854 0.65 —-2738

Harbin 112.0 50.6 0.50 —-5438

Beijing 143.0 109.9 0.70 -232
w/ dust Hangzhou 120.4 84.2 0.66 -300

Jingzhou 98.5 54.1 0.52 —45.1

Chongquing 118.3 90.7 0.68 —-234

PM,, Bd Y A5 S Blasto] AJAE 2=
2 Yehfdot T 5&o $IA& Beijing @ Hang-
zhou 5-& ¥4, 53] 5Yo FAl vjESF Heof T
MR EZI7T E=go] Vel 3} v EeF A3 mdz)
o] AF7tEE= Ae &+ Uk 1va°ﬂ HAZE Jing-
zhou, Chongquing - BHAF W&ake] Ba20] 917
ek Aol ol ER AL viEF M5 Hdglo] 2
Al Zpe7F YehtA] oFaL Qlet. ERE, S5 A ol 93]
3t Harbine= 2008 59t mEgho] 34 AH7=E1
Ao 3~59S AP o] o olshs B
o] Lrehet.

¥ 32 %=+ Harbin, Beijing, Hangzhou, Jingzhou,
Chongquing Ao thgt A vi&F 2 AF PM,,
mds dael SAgkel gt PM,, 55k, Index Of
Agreement (IOA), Normalized Mean Bias (NMB) 7|
24 Azfolc}. F Aol M2} nrlA R muzko]
25 A wjEF e o] AES AHET 24
el Bt gaste Aoz yehton] 3hA w
O|5l PM,, 5E7h 94} MjE WO & gnn nuel
B 2S¢ 4 gt

7Y st 3 APL26 QoINS maght 2%
o NMB g% BUH 02 A% Aol 4t v

Heb Fofl = Aol PM,, w27t tiit2 A oA

BAEE AL o 4 glont s FF TR U A
® Ade FLRHD g A& & 4 9tk ol
A91HQ MjEF EX AL vjEFe] Tamolo] ot
oFeFo g 9to 7 ZTolA|o} XY nds Al E 3F
AFA1717) $18) A E ojof & Abgolct.

a9 62 20089 AFd =S FAF HIET B

A ES B 3
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JH2 d Y F xgde
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gFoz 53 naY

91 Aol 50 g’ oSl Aol eiiieh. £
A 2 A0 S QAT 37 5

ul EH ;(]
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Fig. 4. Time series plots of measured and predicted daily PM,, concentrations in (a) Beijing, (b) Hangzhou, (c)

Jingzhou, (d) Chongquing and (e) Harbin.
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2008.
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