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Abstract

The goal of this study is to investigate the effects of the chemical lateral boundary conditions (CLBCs) on
Community Multi-scale Air Quality (CMAQ) simulations of tropospheric ozone for East Asia.

We developed linking tool to produce CLBCs of CMAQ from Goddard Earth Observing System-Chemistry
(GEOS-Chem) as a global chemistry model. We examined two CLBCs: thefixed CLBC in CMAQ (CLBC-CMAQ)
and the CLBC from GEOS-Chem (CLBC-GEQS). The ozone fields by CMAQ simulation with these two CLBCs
were compared to Tropospheric Emission Spectrometer (TES) satellite data, ozonesonde and surface measurements
for May and August in 2008.

The results with CLBC-GOES showed a better tropospheric ozone prediction than that with CLBC-CMAQ. The
CLBC-GEOS simulation led to the increase in tropospheric 0zone concentrations throughout the model domain,
due to be influenced high ozone concentrations of upper troposphere and near inflow western and northern
boundaries. Statistical evaluations also showed that the CLBC-GEOS case had better results of both the index of
Agreement (IOA) and mean normalized bias. In the case of IOA, the CLBC-GEOS simulation was improved about
0.3 compared to CLBC-CMAQ due to the better predictions for high ozone concentrations in upper troposphere.
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Table 1. Configurations of GEOS-Chem, MM5 and CMAQ
used in this study.

GEOS-Chem
Horizontal resolution 2° x25°
Number of vertical layers 47
Aerosol Park et al. (2004)
Chung and Seinfeld (2002)
Henze and Seinfeld (2006)
Emission EDGAR and TRACE-P
MM5
Number of horizontal grid 105 x 65
Number of vertical layers 23
Spatia resolution 54km
FDDA 3D anaysis nudging
Explicit moisture scheme Simpleice
Cumulus scheme KF
Radiation scheme RRTM
PBL scheme MRF
LSM scheme NOAH LSM
CMAQ
Advection PPM
Chemical mechanism CB-4
Aerosol module AERO3
Emission INTEX-B (2006)
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Table 2. Chemical mapping table between CMAQ and GEOS-chem to set up chemical lateral boundary conditions of

CMAQ.
CMAQ(CB-4) GEOS-Chem CMAQ(CB-4) GEOS-Chem
NO, NO, ISPD MACR+MVK
0, 0,-NO, TERP ALPH+LIMO+ALCO
co co S0, S0,+DMS
N,Os N,Os NH, NH,
HNO, HNO, ASO4J S0,
PNA HNO, ANH4J NH,
H,0, H,0, ANO3J NIT
UMPH MP AORGPAJ 0.0545 x OCPI+0.0545 x OCPO
NTR RN, AORGBJ 0.847 x SOA1+0.904 x SOA2+1.24 x SOA3
FORM CH,0 AECJ BCPI+BCPO
ALD2 0.5x ALD2+RCHO ACORS 0.18 x DST2+0.29 x DST3+0.29 x DST4
0.333 x PRPE+ALK4+0.5x CiHg+
PAR 0.2 x C,Hg+ACET+MEK +RCHO ASEAS 0.621x SALC
OLE 0.333 x PRPE ASOIL 0.29 x DST3+0.29 x DST4
PAN PAN-+PPN+PMN A25] 0.145 x DST1+0.145 x DST2
1SOP 0.2x 1SOP
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3 CMAQe] a#jsl: 3ehsEo] A2 U5
%7] el #3tA wAYES 2§ Chemical
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1}t} Meteorological Service of Canada(MSC)2] Ex-
perimental Studies Divisionel] 2]s) €935+ Global
Atmosphere Watch (GAW) =g 73] 2] dRRo=z
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opefst 2Re A% Lh:}(http.//www.wmo.
int/pages/prog/arep/gaw/ozone-uv.html). & &3 ej| 4]
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Fig. 1. Model domain, topography (m) and locations of
surface and WOUDC ozonesonde sites.
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Fig. 2. Mean ozone vertical distributions of lateral boundary conditions on (a) CLBC-CMAQ and CLBC-GEOS (May: (b),
August: (c)) at northern, southern, western and eastern boundaries of CMAQ in 2008.

J. KOSAE Vol. 28, No. 5(2012)



586  EFAA - o)A - Ao - EAA - o]AF - TR - oz - AT

F= 3AH(33.2°N, 126.1°E)2] AAIH#E A2E A& 7R 2 gl Aoz yelgte} vk, linking tool & &

stdvH(2E 1). d A" AAE 9] - A= Q Al e g2 o
2 Rxg Bolon, 53] RE A HiFA AF
e 2 &% w7} 35~150pph £Fo 2 7|E Z=7

.2 shadel) wlsl e FEE RTh FFHEE %3,
FEAE MFE AACA 2E Fxo F7P Fe

3.1 shets &9 @A =2 37 vehgeh =3 4% AAE AT mE 3
a9 2% =9 99 39 AAe 5@4 8o oA o&e) Am FEsl 5~25ppbe] F71E w9
WY Aoz oF wro A4 Pxs el on), 53 AFAAGN M 2 ke Relx A
Al CMAQA x;;sq:aoa e = 4044 3, o= vehgeh Abes m9lw 4Rl e
74742 AANA 9 - A= B AR Adglel b =7 5 vhebgem, ol Song et al. (2008)414]

2 oaa sryze uu}. 23] 929 A4, AL AN AR} YAk Aoz glxd e dfd
oA 30-3ph Al G PR AR G ARl ol Aelsh AU 45D 2 g
1 a—t— 65~70pph SEo 2 UAT A7 $xe /e oz dekdd,

i

(a) CLBC-CMAQ (b) CLBC-GEOS (c) Difference

i V) B foc

Surface

0=0.50
(5km)

0=0.15
(20km)

0102030405060709090100110120130140 -50 -40-30-20 -10 0 10 20 30 40 50

Fig. 3. Horizontal distributions of two months (May and August 2008) averaged ozone concentrations (ppb) at the
surface (1st row), about sigma 0.50 level (2nd row), and about sigma 0.15 level (3rd row) of CMAQ simulations (a)
CLBC-CMAQ and (b) CLBC-GEOS, and (c) Differences of two experiments.
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Table 3. Vertical mean O; concentrations and difference
of two CMAQ simulations in May and August
2008.

Level CLBC-CMAQ CLBC-GEOS Difference
Sigma O; (ppb)
1.0 39.1 43.2 40
0.99 40.4 445 41
0.98 41.8 46.0 4.2
0.96 43.0 47.2 4.3
0.93 43.9 48.3 44
0.89 45.0 49.6 4.6
0.85 45.9 50.8 5.0
0.80 46.6 52.2 5.6
0.75 47.4 53.8 6.3
0.70 48.3 55.6 7.2
0.65 495 57.6 82
0.60 50.6 59.9 9.3
0.55 51.8 62.4 10.6
0.50 531 65.1 12.0
0.45 54.5 67.9 134
0.40 55.9 70.8 149
0.35 57.4 74.0 16.6
0.30 58.9 7.4 185
0.25 60.4 81.3 209
0.20 62.0 86.3 244
0.15 63.5 934 29.9
0.10 65.0 102.9 37.9
0.05 66.6 113.0 46.4
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Fig. 4. Vertical distributions of two months (May and August 2008) averaged ozone concentrations of CMAQ simulations
with CLBC-CMAQ (left panel) and CLBC-GEOS (right panel).
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Fig. 5. Time-height cross sections for ozone distributions of satellite (upper) and two CMAQ simulations (CLBC-CMAQ
(middle) and CLBC-GEOS (lower)) of Seoul in May (left) and August (right) 2008.
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Table 4. Statistics of observational and simulated O; concentrations in May and August 2008.
) OBS CLBC-CMAQ CLBC-GEOS
Station Month
AVG SID AVG SID COR |IOA BIAS AVG SID COR IOA BIAS
Sapporo May 934 1160 544 107 0.6 0.3 -08 712 325 0.8 0.6 -05
Ro August 65.9 323 522 9.2 0.8 0.6 -03 643 21.4 0.6 0.7 0.0
Tateno May 82.0 20.0 530 131 04 0.5 -06 695 20.7 05 0.7 -0.3
August 64.4 212 546 8.0 0.6 0.5 -02 719 138 0.7 0.7 0.2
Naha May 64.0 160 493 11.3 0.7 0.6 -03 621 21.6 0.7 0.8 0.0
August 51.0 281 450 6.3 0.6 0.5 -01 463 19.8 0.9 0.9 -0.1

*OBS: Observation of ozonesonde, CLBC-CMAQ: simulation using CLBC of CMAQ profile, CLBC-GEOS: simulation using CLBC of GEOS-
Chem, AVG: Arithmetric average, STD: Standard Deviation, COR: Correlation, IOA: Index of Agreement (O=no agreement, 1=exact agreement),

BIAS: Mean Normalized Bias
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Table 5. Statistics of observational and simulated O; concentrations for May and August 2008.

) OBS CLBC-CMAQ CLBC-GEOS
Station Month
AVG STD AVG SID COR |IOA BIAS AVG SID COR IOA BIAS
Seoul May 302 123 309 6.7 0.4 0.6 0.2 324 64 04 0.7 01
August 24.5 9.4 34.7 6.0 0.5 0.6 0.3 36.6 7.0 0.5 0.6 04
Xu May 50.5 17.2 50.2 8.2 0.6 0.6 0.0 54.8 9.7 0.6 0.7 0.1
August 323 12.6 39.1 10.0 0.7 0.7 0.2 40.2 11.9 0.7 0.7 0.3
BAA EAME UrE}‘%‘_ Aelgt. A= A= (10A)=  dE o] 43 AF (CLBC-CMAQ)?] 75l °F 67
T A¥ 2% 0.6~07 =0, H (BIASXE v|w ppbz veld ¥bd, GEOS-Chem Z 2 319-& o] 843+
q e pFoE F E‘il*é?ﬂ A7 #53} vl AE (CLBC-GEOS)9] 7ol <F 113ppb +F2
stel vl AT 2EYE & 5 UMk AR 2 F AY 7 of 46ppbe] Aol BT =3 9
CLBC-GEOS A &2 A AIFelAM Xl vief re] 5 & 9 A=} vlw #AS 308 A3
5 %7} CLBC-CMAQ A3 1} oF 1~5ppb 3713} FAA Moz CLBC-GECS® Z#rt #A&3 ARt
At o] kA 3.24-eA g3t vie} Fo] CLBC- A EEZE ® vl CLBC-CMAQS] 7, A&ellA
GEOS% o] &8 7% Aubdel 4% 2&s=e & 9 I%®E 958 Ro3A] Rl we] CLBC
7RERE ofe} A& 2EFERE ZVMATIE AeR GEOSO| Afel: A MAEE Hloz vehynh
et 2EEYAESS] dX= 24 (I0A)E 03~06 4
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o 97t S] el e A #EE 2 =
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