fd 7|97 HE A A 204 A 45 = A
J. KOSAE Val. 29, No. 4(2013) pp.407~438

Journal of Korean Society for Atmospheric Environment

DOI: http://dx.doi.org/10.5572/K OSAE.2013.29.4.407

Current Status and Development of Modeling Techniques for
Forecasting and Monitoring of Air Quality over East Asia

spel M’ BHHE - SHE - o

Rae Seol Park, Kyung Man Han”, Chul Han Song*, Mi Eun Park,
So Jin Lee, Song You HongY, Jhoon KimY and Jung-Hun Woo?
School of Environmental Science and Eniginnering, Gwangju Institute of
Science and Technology
YDepartment of Atmospheric Sciences, Yonsei University
Apepartment of Advanced Technology Fusion, Konkuk University

(Received 15 June 2013, revised 25 July 2013, accepted 25 July 2013)

Abstract

Current status and future direction of air quality modeling for monitoring and forecasting air quality in East Asia
were discussed in this paper. An integrated air quality modeling system, combining (1) emission processing and
modeling, (2) meteorological model simulation, (3) chemistry-transport model (CTM) simulation, (4) ground-based
and satellite-retrieved observations, and (5) data assimilation, was introduced. Also, the strategies for future develop-
ment of the integrated air quality modeling system in East Asia was discussed in this paper. In particular, it was
emphasized that the successful use and development of the air quality modeling system should depend on the active
applications of the data sets from incumbent and upcoming LEO/GEO (Low Earth Orbit/Geostationary Earth Orbit)
satellites. Thisis particularly true, since Korea government successfully launched Geostationary Ocean Color Imager
(GOCI) in June, 2010 and has another plan to launch Geostationary Environmental Monitoring Spectrometer (GEMS)
in 2018, in order to monitor the air quality and emissions in/around the Korean peninsula as well as over East Asia.

Key words: Integrated air quality modeling system, Chemistry-transport model (CTM), Air quality forecast (or
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Fig. 1. Structure of integrated air quality modeling system.
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o2 $£IYPFE= JFo|x= LTP(Long-range Trans-
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xq By \:}5\_ _[o_r}\].s‘} 7:1513
TRACE-P wj&=-229] I3t x99 NO, w=5F(1,322
Gg yr'2 EDGAR (Emissions Database for Global
Atmospheric Research) v &2-22] NO, wj&3F(1,924
Gg yr)e] 0.69v}¢]37, REAS v &E-5-2] NO, v
22 RETRO (REandysis of the TROpospheric chemi-
ca composition over the past 40 years) vl &&=-2] NO,
W) Zepe] 0,63 olch. olsh e Hol: 0F FEE
M3 %o o)7] 34ek5 (amospheric species)®] )
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Table 2. Emission fluxes of gaseous and particulate species from several emission inventories (unit: Gg yr™").

TRACEP/ACE-ASIA (2000)

REAS(2000) INTEX-B (2006)

Category  Species  Country Streetsetal. (2003)  Oharaetal.(2007) 17 (19%) Zhang et al. (2009)

China 20,385 27,590 20,672 31,020

SO, Korea 829 926 1,146 497

Japan 801 987 922 871

China 11,347 11,484 10428 20,830

NO, Korea 1,322 1,967 1,084 1,159

Japan 2,198 1,564 2,392 2,404

China 115,749 137,440 166,889

gas co Korea 2,824 2,660 979 851

_ Japan 6,806 4,630 6,739 5,314

2 China 17,440 14,700 20,811 23247

£ NMVOC  Korea 1,164 1,880 608 727

o Japan 1,925 1,130 2,409 2,033
% China 13570 10,778 12,557
5] NH, Korea 172 307 78
£ Japan 352 170 502

< China 3,385 2,560 3,217

oc Korea 28 45 44

Japan 74 57 21

China 1,049 1,090 1811

aerosol BC Korea 22 75 70

Japan 53 33 51

China 18223

PM o Korea 65 334

Japan 238 195
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Fig. 2. Spatial distribution of annual NO, emissions fluxes in East Asia for 2000 from a) ACE-ASIA, b) REAS, c) EDGAR,
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Fig. 3. Comparison between Land cover from MODIS and forest map in the Korean peninsula.
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Table 3. Meteorological models for numerical weather prediction.

Horizontal  Vertical  Numerical

Nation Organization Operational model resolution levels method
European Centre for Medium-Range N
EU Westher Forecasts(ECMWF) Integrated Forcast System (IFS) 10km L91 Spectral
United United Kingdom Meteorological Office - Finite
Kingdom  (UKMO) Unified Model (UM) 25km L0 Gifferential
National Centersfor Environmental
USA Prediction (NCEP) Global Forecast System (GFS) ~22km L64 Spectral
Japan Japan Meteorological Agency (IMA) Global Spectral Model (GSM) ~15km L60 Spectral
German Deutscher Wetterdienst (DWD) Global MEteorological model (GME)  ~20km L60 di ffF;;?i a
. China Meteorological Administration Global and Regional Assimilation _
China— cvia) and Prediction System (GRAPES) 30km  L60  Specird
Global Data Assimilation and
L ~35km L40 ectral
Korean Meteorological Administration ~ Prediction System (GDAPS) S
(KMA) - Finite
Korea Unified Model (UM) 25km L70 differential
KoreaAir Force (KAF) Global and Regional Integrated ~25km L64 Spectral

Model System (GRIMs)
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Fig. 4. Icosahedral grid system.
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Environmental Prediction)2 =dle] A A A& Earth
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wWAel wls) FA4sE X3S 7RI 9l AR e
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7)&e 3 Thekal 7)) A o] 2 FE Al

zloﬂ}ﬂL AzE3} 7|27 WA AAZ w53} v
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2.2.2.1 A2%F37&

GLSE um Aol welel] A A4 £27)
£2 429 WE(4-DVAR) A2E3 /WS = 4
o} 4714 WE ARE APe St wl (adJO' nt

model)e] glojobst AT 4 U WRIeln, 4=

w2 <)o) 454 (perturbation field) & 1 %k
o2 Welgeld 1 Ag%w flgle] Hi 3 A
7] AEAE Fobreh 4 2R UToA,
A9 W AEs hgel TL%E& oo}, g
= AelA] elAe 71 aael 9e Haks) o
A A= 7T 4 ok 49 Ay A=Es
e TR Sl W 23k FRAcovar
ance)e] Besteh BE 714 Aol diste] e )
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doll whe AR AR TEALE AsIA AL
g3k Aol Washch UM o] Augsh A2
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Al AT E) PE ERG S ok
W34 mael AP = g 94 e
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o}k ZutHE] (ensemble Kalman filter) 7]¥-&
5 ook o A gEe i mdle 278
A ek 71 AAE FEEREE e 43k
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<o] Feasje oju] shtEe] 3lE NCARS| Daa

Assimilation Research Testbed (DART)7} 713t x ¢l
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ol A& wusisdeh %o] $uiete)
A$ 201046 FAAPIH914S) COMSE %
Abaled om, 2018~ 20196 = A F = B9l Adel
GEO-KOMPSAT] WA} o Hojm = o]8f st AX]H
= o= ne] g Aust AFY Aol o9 B
$EE S e Aol o2 YuE Bgow
R AAAE SRS AnE B w8
2 AelT H5 QARE AR o} S ol A=
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o AgEE T FEE she] ARE Pohs |
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A& A sl B2 A ) wes)
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AH=E Fole 2o $8I, ol & i F4
At sl AsE uﬂa} gl oE)3}sle] Bajslm
ol tjste] AAZF HTo] st Awe I}
A& NS ok & Aol

2.2.2.2 YA 7 A% (Planetary Boundary Layer)
243} (Parameterization) ¥¢te] &k}

O ek
YA47A% wps} ke E2) 2 (physica pro-
cess) w43} Hpete] EFFe], Ha) A7E B >
A olu mde) oln Az YA AAZ 253
Qtell wi$- RIZkgre] M= gdA|Rl, A3 g
E3AAS 7kA 12 91} (Li and Pu, 2008; Steeneveld
et al., 2008; Braun and Tao, 2000; Hong and Pan, 1996;
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Fig. 5. Vertical profiles of (a) simulated potential temperature (K), (b) wind speed (m/s) with corresponding radiosonde
soundings (grey lines with cross marks) (Shin and Hong, 2011). The simulated results are from the YSU (black),
ACM2 (red), MYJ (green), QNSE (blue), and BouLac (light blue) experiments. In (a), the inset provides a closer
look at the temperature profiles in the lowest 1,000 m.
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University (YSU) PBL (Hong, 2010; Hong et al., 2006),
Asymmetric Convective Model version 2 (ACM2)
(Pleim, 2007) vlers}t 3702 =%]4 ulekel Mélor-
Y amada-Janjic (MY J) (Janjic, 1990), Quasi-Normal
Scale Elimination (QNSE) (Sukoriansky et al., 2005),
Bougeault-Lacarrere (BouLac) PBL (Bougeault and
Lacarrére, 1989) H}¢to|t}. Shin and Hong (2011)e]]
w2, B =524 wkekel YSU PBL ®petzt ACM2 #f
be o]y FxE WA 2 melshs v (2
58), =+#]# Hielel MYJ, QNSE, BouLac PBL HPOP~
BobAEt &9 Zeulge mojsitt utk X7 ot
Y A] A= 243) vlelo]
o Ao zx 83 Al
4 wojEka gl (2H
dokel] W 23z ool
A4 AAZ 243} )

‘:’/\

\I



Fokrlel d7)d on 5l S 917wl V)& Wby} b vk

Table 4. Operational strategy for numerical weather pre-
diction using WRF model.

DM1 DM2 DM3
Model version WRF v3.4
Vertical layer 31 layers
Resolution 18km 6km 2km
Grids 230% 170 211 %211 250 %250
Forecasting duration 84 hrs 84hrs 24 hrs
Microphysics WSM3 WDM6
Cumulus Kain-Fritch  Kain-Fritch None
PBL Y SU-PBL
Radiation RRTMG (LW)/RRTMG (SW)
Land surface model Noah LSM (OML, MODI S data)
gl AuAe AR = U olel wet
B4 AAF = Aietke] daelEs FHeE 1ol
o WA A A=A, HkE ol o)
NP B3E Q3 4 g el

2.2.2.3 714 B9 2guel

717 mlRe] A2 2l AL A= Fo
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A edE =AES Uz A e A
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A= 18km =X 6kme] 45 A==, 2447} o
B2 SlelAE 2kme] 4 A= A 24
A=, BAE 75 2 ARl 52 stz gt
TgsHA Ag-3bar, WA & (microphysics)el]
% schemesel| A= 3 s 4=7F 18kmel 7ol =
3-class Microphysics scheme (WSM3)2 # &3}, 6
kmgl 73-%-¢j]= WRF Double-Moment 6-class(WDM®6)
& 43 AL Ak

>+E

2.2.2.4 tj71d =d
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(Planetary Boundary Layer) @ MBL (Marine Bound-
ay Layen)e] ol A A 714 % 9
ARE 98 w9 F238 Qoo

A 71 =) A A, AT 714 mde) 2
sHg A9 7)4 m=)e] 77 22 (Boundary Con-
ditions, BCs) 2.2 Abgste], Ao 714 sl =] A
F4& Folr Aol Bashdh w3, WA AFH
vie} Zro] Ax1AH <l 2w F3; A AEE o] 431,
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tions, 1IC9)2] A== AN 7] = A =3 7)AF
B gl 7] o B HFAE NAAIT= H -

T2 gadeln (o]} AWM E 17 6@F=E).
Z¥egF W 7 e B 6|26 9)e], 7|AM ndlg)

o] e “H7l7:=l Rl = wf9 FQ3le.
T F o2&y o0& =0 314
Eavd J?:’I%E]—E o, o] Zhgpel ofgl dlej2é
3 & AFEA %4 A A (below-cloud scav-
enging)ell 2|t ZAo|xt. w3k, 74 Fell= A YA
3] Al (nucleation bursxing) o] A}z wrA i), ulelA],
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o x5 AdF
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Z3F Akl w9 Fe3kH, Agat vk, 714 “H
2] % =oF 4~Eek(soil moisture content)] &)=
Fotrlol 4 AL A o Sl Fod H‘:?fi,
EA] RS 84 BolAe] NO, %! OH v =
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Fig. 6. Structures and flow diagrams of (a) numerical weather prediction (NWP) and (b) chemical weather forecasting

(CWF) systems.
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Table 6. Satellites and instruments relevant to air quality and atmospheric composition.
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Fig. 7. Spatial distributions of a) AOD retrieved from MODIS and b) AOD retrieved from GOCI over East Asia (unit: dimen-

sionless; Lee et al., 2010).
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Optical Absorption Spectroscopy) Y EH =S & 4
A=t

EANET-S oAl ofellAle] Ak Zhshgel wigt o
=S o]7] 938 ZAAQY e d3loz Fx]
sede}. obrlobe] 1374 F7h7k Fedsha, Wa) Qo
ACAP(Asia Center for Air Pollution Research)7} 2]
33 gl & 5309) HZdel A HZo] o] Foix|]
ok A7) ZHA] 9 el &3t fRste] filter-pack WHE
g3 74 AA A At B2 vE Alwe
39709 54 #ZA| M7t AlFE 2 ot ADNET
Lidar V] B¢ = 0] 37, Y &2] NIES(Nationd Institute of
Environmental Research)ol|A] 2331t} Lidars E3j
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7] 913t A= =H F23}ch NASA Goddard Space
Flight Center (GSFC)ol|A] #2]3sl= AERONET=
cimel-sunphotometer ] E$] =0, oo] 24&2] 333}
A B4 W Balg 2w 5L A)2sta 9ot #x7)
A g Eg 0718 A7 Fokol A B4k 9l
o, o= DRAGON (Distributed Regional Aero-
sol Gridded Observation Networks) campaign 55 %
s ke D A Ade) AF A A=E AT
31 3)v). DOAS Y| E9] == U2 JAMSTEC (Japan
Agency for Marine-Earth Science and Technology)l] A1
Ajsted ofxlof Bl 2Aletel] A 6xHlo AA
g MAX-DOASE AA|ste] vlak 7131 2 o]
22 P57 (AOD) A2 222 AlFst3 gJoh

2.4.3 X & HIYBE KRl EE

2.4.3.1 Averaging Kernel
A4/ Arg Az PHelA sledoz

5 vwE AlesEe B3 5
6P~ Jrﬂoﬂ*i A vl 53> ARz
1oz RE] whyE= o X2 zdslA Fdh ulet
A, ZZell= olE T 24 e AAE] S8 =
2= A}l Averaging Kernel (AK)& H-g-sbo] =
A HHE AAE 497 Rk ok

AKE A ()& B3l 42T 5 3w 4 QT 59

g3k}
1
asco 5™
A=AMF 1x ——
X AMF 1)
Xrtv= Xa+A (Xtruef Xa)
=AXuet (1 —A)X, 2
o] 7]l A,

Xiw: retrieved gas profile

Xireer true profile

X,: apriori profile

A: averaging kernel (ideally, A=I)

AKE= A1zbd, A9, 914H, AE= AlRstEe]
ATEH, o312 Hislslr] 95t A () e
1] 4-8H4= (cost function, J) 2 #4381 WS Al4-

e

1 . 1 .
J=E(AX—Xm)TC 1(AX—>§N)+E(X—Xa)TCa1(X—Xa)
©)

71l M, X, X, Cp C& -3 2t

X: profile (atmospheric state vector)

X, apriori profile(a priori atmospheric state vector)
C,: apriori state uncertainty matrix

C: data uncertainty matrix

& e Fal AAE AKE mdy Astsl 9]
HApmstel wlmpst ohjeh, Q13U ARE ol
g =] A8F3le] wh=A] g8t} (Eskesand
Boersma, 2003).

okx] sl npe} 7o) (28 1 #x), AKS A}g-8

A5 oprlolel A Wiz AZel 7hssiet Fo}
Aok 19 NO,, VOCs, %! SO, ¥l%% #ha %] 7
% QEAE A 27 AALYE D29 NO,
(Han et al., 2011, 2009; Uno et al., 2007), HCHO (Fu
et al., 2007), SO, 5-2] 7|A|A} Q9 EA 248
A7} ol B85 3 ek s o A28 Aut
AR oz Baere 54 W) el 95 A
* oz s AL B Ams AR,
o] shel 4] AMF gke] =434, o] AMFE A
A 52 Bz (apriori profile) s 71 ske Aol=
=, o2l sHdel =dn AeE vad A
waagel WA A5 olelw B AA
37] g8l AKE e Asbol 445k Aol 27
gl 738 8¢ CMAQ 2933 OMI H=ozn
NO, T4 = vuE ¢3) AK7} H85+E vlx
Aelck A Qe AL AKS AE2 4

= 7hgel 23] MAEE A2E oAz RE A
7] wgel mEYst = Azte] A4 wlast o}
&} (Eskes and Boersma, 2003). &}#]qt, Fo}A]o}
9g dos & w3 94 Am vlw A
= obd7 AKE Hgsh Abls glod, 2
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Fig. 8. Schematic diagram for comparison between CMAQ-estimated and OMI-retrieved NO, columns using averaging
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£ 243 e £ 4 ), Optimal Interpolation
71& o} Ensemble 71& 52 £ 4 ¢t} (Colette et
al., 2012; Park et al., 2011). o] 9lo|= 3x}Y =& 4
29 M F= ol 2ok, Aoz AuF
= H2 Ao 2312 FH431X)7]7] ¢35 iteration
FAoNAM A3t =2 F Tl mdE 23
22b 91 welx /WA Sl adjoint Wb o] &
£57|% 3}l (Henze et al., 2009; Sandu et al., 2004).
A3 7)ee] BRI AHHAHA Al
Za3t Azle]l g4&x= Frtsla, ol Mekstaxt
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Aol zfol7} 7] wie] Atme] g Hiqle
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2, Pak et al. (2011)& XA s} RIS Rl2s
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Fig. 9. Spatial and temporal distributions of (a) CMAQ-simulated AOD, (b) GOCl-retrieved AOD, and (c) assimilated AOD
over northeast Asia at 09:00, 11:00, 13:00, and 15:00 LST on 13 April, 2011 (Park et al., 2013).
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