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Abstract

A comparison of ozone simulations in the seoul metropolitan region (SMR) using the community multiscale air quality
(CMAQ) model with SAPRC99 and CB05 chemical mechanisms (i.e. EXP-SP99 and EXP-CB05) has been conducted during
four seasons of 2012. The model results showed that the differences in average ozone concentrations between the EXP-SP99
and EXP-CBO05 were found to be large in summer, but very smal in the other seasons. This can be attributed that the
SAPRC99 tends to produce more ozone than the CB0O5 in urban area like the SMR with low VOC/NOX ratio under high ozone
conditions. Through quantitative comparison between two mechanisms for the summer, it was found that the average ozone
concentrations from the EXP-SP99 were about 3 ppb higher than those from the EXP-CB05 and agreed well with the
observations. Horizontal differences in o0zone concentrations between SAPRC99 and CB05 showed that significant differences
were found in southern part of the SMR and over the sea near the coast in summer.
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MultiScale Air Quality)} CAMx(Comprehensive
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Fig. 1. (8) The WRF-SMOKE-CMAQ modeling domains and location of air quality monitoring stations within the 3-km
domain and spatial distribution of (b) NOx, (c) VOC land-based emissions.
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Table 1. Statistical summary of observed ozone and meteorological conditions during CMAQ modeling periods

Observed daily Daily max re?iu:rt];ie;noij
Season CMAQ modeling periods max. ozone tem )ér aturéb P /a\?er e Ofay
(Analysis periods) concentrations” P ag .
(meantS.D b) (meantS.D., C) precipitation
+S.D., pp! (mm)b
) 2012/03/31 - 2012/04/22
Spring (2012/04/03 — 2012/04/22) 52.3t7.1 16.2+4.6 5/17.0
2012/06/08 — 2012/06/30
Summer (2012/06/11 ~ 2012/06/30) 69.6+8.7 29.7+2.3 4/22.5
2012/10/29 - 2012/11/20
Autumn (2012/11/01 ~ 2012/11/20) 27.9+4.4 10.6£2.9 10/6.5
Winter 2012/01/08 - 2012/01/30 25.9+4.6 17445 7/0.3

(2012/01/11 - 2012/01/30)

%130 sitesin the CMAQ domain3
PSeoul ASOS station

VOC Hlj&7F0] oF 85~88% 431 21 0.8 2ARE| Gl

2.2, e 7zt

ngE 7|7ke CMAQ R o] SAPRC992} CB05
shslujA|UZe] BEAel oF BAsE nus 9l
2012 AAPES o= 247k 2094 etk 7
A 3717k s glel S Ao o i
ASOS(Automatic Synoptic Observation System) 15
7N AolA HSE 7VAE} A7 1A S 130
7N Aol e 7] e B EE H AR AR
o}l B, SR =2 B 71 Aol T Xt
LEFE HaPE 2A yehd 4 Qe 7R AlLfsisL
omj, AEe] eEFE 40| FRIshHAE TRt 7|
Ao Qg FErs ) 3= 70k ARSI
ch

Table 1.2 7} A A4E CMAQ =Es] 7|7k
AR A o2 710t 5 S4H EFEet 72 W A
EE 7l ol o AL IARE Bt @59
78 = o150l 50 ppb o2 A4 st vek
3], 12 AR |7tolis @23:2]5(120 ppb h
oA EHE U7 49(6/18, 6/21, 6/23, 6/24), 713
& ZA(LARE Het 715 100 ppb o)) 15¢=
o] HIHSIGct ol =& Bl A

HRge] GO A 5 9k

¢
Ant g

2.3, REFYu MM

CMAQ(ver. 5.0.1)2 b= EPAoJIA] 7ldal 32 33
spt 4 wUR R ) OF, vl Rk
B 7EH ARV 71 e HEES oS 4= Qlom Tk
& T(multi-scale)o]) gt 4] SXmelrt 7Rsskch
(Byun and Ching, 1999; http://cmascenter.org/cmag/).
£ AtoflA aiet CMAQ HElR o] 27|/ A1
CMAQ =& W Algtl= th7|ed=d Z2ukd 2w
(Stockwell et al., 1990)2} A9 =H|9le] ndl Avls
Q] © 2 3= ICON/BCON ZZMAE Z3f AJAI3IA
. CMAQ =49 rIj8Exla= WRFR(Weather
Research Forecast ver. 3.5) RdlgS- E3] AWK A7+
[AAPE 7V, 595 345, U, V, PBL, 5)& 1A
I ZAAe1 MCIP(Meteorology-Chemistry  Interface
Processor ver. 4.1)] ¢125l] AAdskg.om, AMAsH
WRF =92] 142 NIER(2014)0]] 7|20} glck

Q1A uliESF A2l= SMOK E(Sparse Matrix Operator
Kerne Emissions) R gl o]8515].0m, A, Al, W j
S ol tistol= =gyt A9 CAPSS
(Clean Air Policy Support Sysem)&, 5= 5 =2]¢||
tistod= MICS-Asia(Mode Inter-Comparison Study
for Asa) Z=S o853tk CAPSS #l=o] 734
SMOKE €8 g&lozo] e ¢le] KEI-EIPS
(Korea Environment Institute-Emissions Inventory



CMAQ =22l] 3}t 7| L5{(SAPRCI9, CBO5) 21-80f| mhE e 25k Bojdy) vl 89

Preprocessing System; KEI, 2006)S g-85}19]0m, =+
U] SCC(Source Classification Code)2} EPA 2] SCCE
ujgstol g7 3k 9l S5 B st A
o wliEFe] LS 9J5tol= MEGAN(Modd of Emi
-ssions of Gases and Aerosols from Nature; Guenther
et al., 2006) E-S o] 83IT]. AYEE, AE, ujEA|
& 5o] YeARE o gEIRon, Q191H, A1 iz
2 SAPRCO9 315} wjAUZo]| thste] Sleks-S At
oItk ApdufiEs At el 4] S
918 ZVAEs} SIEIdek A7) AAlE e 2
A /g ol thgh ApAIEH 8- KEI(2006) 01| A|
Al=le] glek

£ g17e] B2I9] CMAQ 2] BfatllAUIZ Al
of uj2 @zste] ZjolS B45}] 915 SAPRCI9L)
CB05< 717} 4-8510] CMAQ Xl AI&(EXP-SP99
2} EXP-CB05)& 1A4J519it) EXP-SP99= SAPRC99
sphAUSe] 285 AR OR ‘saprc99_aeb_ag’ &
AL AEskgar, EXP-CB05= CBO05 dsh|A U Z0]
248 Agor B2 B slAYZ0] JlolE
=l ‘cb05tucl_ae5 ag £ Aeiskeict ‘saprc99 aeb ag’
L 887} Bl o3l 2247e) whg-Ae wefeka glo.
o ‘ch05tucl_ae5_ag = 727} 22 sl 187712) |t
$41& Tk 7k4k B SstlAUS 9 CMAQ
Lol de3t 7e mES] itk A4S NIER
(2014) A=tgatof] AAI=|e] ik

3. CMAQ 22! Zu} H|

El

31 AHE Hd 2ESE
2 Aol A A7t I AR(EXP-SP992t EXP-CBOS)
& &3l Folxl = Q1] AP EF = (1AKE
Baigh) B ANE FEE o= vl Frpsieick 2
Agke] Aok B7kE fl8l 78 SAIXI3E(Mean Bis,
MB; Mean Absolute Gross Error, MAGE; Mean
Normalized Bias, MNB; Mean Normaized Gross
Error, MNGE; Unpaired Pesk prediction Accuracy,
UPA)(Yu et al., 2006; Zhang et d., 2006)E- ©]-831%
31 3H5AE Table 20f el ek

= 2150 CMAQ 2l ZAuk= A/do]| ufe} thao]

=
Aol AR S vlaa] F dxeke HiF-Ee]

FAAE FFoIA & 4= Aok (AFE MB - 3.3 ppb -
+6.0 ppb H2)). Fig. 20f A 1A Het =gt
S A A EHSo A = dlo] S 5= WSkE &
TS & 4= Ut ASZ AlLjetals FAY HF 2
gigko] ST A ey (Fe] HIHMB)) 53]
Aol FEeilch AL eEEE Hriro] k>
oRke] A AeeE o] AHs] AllekA] 25t A
2 el 7PRERS Fall dofzl ofgte] &
ST W71 AIS =ololl tigk EShal/do] =4 ¢l
oz 13% 4= i Eder et a., 2006; Pérez et 4.,
2006; Sokhi et al., 2006). oF7ke] 735t 40 937 &
IS Bl AT 2EFEE A = gt
(Oh and Kim, 2004) #&4 WRF gl ZxjojA] of
ZEAIZFE(00~05 LST) 10 m ZE4:.2 =)} v]w 3] H]
WA 2 o) =7 UeERFTHMB: +0.5 ms’, MAGE:
+1.0 ms?). SN BHA] Frgo] EiU(0)E T2
o 2EFE 37.6 ppb), & IE=rt HIHE] TSEQL
9 oJ22 EXP-SP999} EXP-CB05 25 29 MBS
Hehf$lar £3], EXP-CBO5ofA] 1j4sm o] ZgFo] &=
Bl ATHIAZE Bt @25 % MB: EXP-SP99 -0.2
ppb, EXP-CBO5 - 3.3 ppb).

Table 29]] A|A1E EXP-SP999} EXP-CBO5 A2
9] w]ulofA SAPRCO9 ek AUE2] #l-8-0] CBO5
ot e LEEEE A AXRRS & 4= Qe ol
SRR 7| A A Aol fAREK(Yu et d., 2010;
Luecken et &., 2008; Pan et &., 2008). SAPRC99:=
NOoJJA] NO,= 9] Z3lEl= Hl3-E{reaction rates)=
CBO5HT} & Zro=z 7pslug(d=, O+NO—NO;
HLS B 2.48E-12 s (SAPRC99), 1.66E-12 s(CBO5),
%71 298 K, 1 7]9}) @& Aol fefstm, £3] NOx
HiZo] @il VOC/NOX7} =2 Al 2| Hofl4 VOCL}
OHe}e] Hg-5 CBO52} vlwsl o &hishA| atefghct
(Yu et a., 2010). 219}2] HjZ&eFe] VOC/NOX 87} v
32 o =X (RS, A, Y )Y B
SAPRCO9 slshi|AUZe] #-go] CB0O52} H|uLs|
CMAQS] eE5=E =Y 4= Utk

T oAUS A8t o mdls] Aike] 2jo|=
AP thas th=A] e 59 749 EXP-SP997}
EXP-CBO05 Xt} gt 0.8 ppb =] A=A S84k
o) Akl @27 AL HIS=sIGIn o159 ¢
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Fig. 2. Time series plots of observed and CMAQ predicted (EXP-SP99 and EXP-CBO05) ozone concentrations for four

Seasons.
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Fig. 3. Scatter plots of daily max. 1-hr averaged ozone concentrations for all AQM stations in the 3 km domain during four
seasons (gray and blue dots indicate EXP-SP99, EXP-CBO05, respectively).
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Fig. 4. The MNB(mean normalized bias) values of EXP-SP99 and EXP-CBO5 as a function of the observed daily max. 8-hr

averaged Oz concentration ranges during four seasons.
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