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Abstract

The present work is an attempt to improve the performance of a regional air quality model by means of liking it
with a global chemistry transport model. The global chemical transport model of GEOS-Chem is used to provide
BC (Boundary Condition)s which reflect temporal and spatial variations at boundaries of regional chemical
transport model of CMAQ over East Asia.

First, GEOS-Chem outputs are evaluated by comparing predicted concentrations with observed monthly data of
gas phase species and secondary inorganic aerosols from EANET (Acid Deposition Monitoring Network in East
Asia) sites. The results show that predicted PM10 concentrations are in good agreement with the observations. This
implies that GEOS-Chem outputs could be used to provide BCs to CMAQ.

Simulated daily and monthly mean PM10 concentrations of CMAQ with the linkage of GEOS-Chem’s BCs and
constant BCs are then evaluated by comparing predicted concentrations with observations at API (Air Pollution
Index) sites in China as well as EANET sites in Korea. CMAQ with the GEOS-Chem outputs improves model
simulation in depicting observed PM10 concentrations comparing with those with constant BCs. It is also found
that influence of aerosol species are largely dependent on the BCs over East Asia and Korea. Mean biases between
simulated versus observed daily and monthly mean concentrations of PM10 with the GEOS-chem were improved
by 1~ 8 ug/m® in China region, 3.26 ug/m* in Korea.
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Fig. 1. Anthropogenic emissions (fossil fuels) of BC (top) and OC (bottom) aerosols in East Asia for 1996 from Bond et
al. (2004) (left) and for 2006 from INTEX-B inventory (right).
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Table 1. Category of anthropogenic emissions of GEOS-Chem (http://acmg.seas.harvard.edu/geos/doc/man/).
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Fig. 2. A map presents modeling domain, desert region
near-by the model boundary and observation sta-
tions. Rectangle dashed box is modeling domain
for WRF and CMAQ. Rectangle full line presents
Taklimakan desert. Circles are Air Pollution Index
(API) montoring stations in China and triangles are
EANET sites in East Asia.
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Table 2. Chemical mapping table between CMAQ and GEOS-Chem to set up chemical lateral boundary condition of
CMAQ (http://wiki.seas.harvard.edu/geos-chem/index.php/GEOS-Chem_to_CMAQv5.0).

?C]\gi\\?) GEOS-Chem (Ccl\gj_\\?) GEOS-Chem

03 Ox-NOx ALDX RCHO
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Fig. 3. Scatter plot of simulated versus observed SO,, NO,, NH;, HNO;, SO,2, NO;~, NH,* and PM10 at EANET sites.
Values are monthly average for 2008.

g7 etE A 4293 A2



Folalo}x| Hell A GEOS-Chemsl| 2|3t A 271

m’ biasE 7}x] &= 7 o2 eyt

welA] GEOS-Cheme b gl 7haah wbgol
Mz Bt om QA E ] glar, uh-&7] el Wt £
staAde] HNO; B! NO; & Al9jsld EANET 34
e} vlwA <kzdt AAJAES ZT Q7] W]
AdFr melel CMAQe AAx7E AlEsld
AHa Aoz P

3.2 HAI=A H|

IF 4 A 29E g AAHNAM 1=
o] W PMI0F=S] UMFSES ‘/‘rE}‘ﬂ 2o
CMAQo| A xﬂ—'—E]‘— Default profiled] 7%, vl 7}

o] ZAHeAAM 97 =2} A7kl %‘%3101 o 94
s =g 22 A A7 =2l GEOS-Chem

16000

14000

12000

10000

8000

6000 1

Altitude (m)

4000 4-

2000

PMI10 (ug/m®)
(a) South

16000

14000

12000 -+

10000 '[
8000 4 |
6000

Altitude (m)

|
4000 R

2000

0 20 40 60 80 100 120
PMI10 (ug/m®)

(c) East

< E3) AR AAxAL BE AAHA A mH
Zof|A] 71 =2 PMI0 352 Ho|3 )3, Ix0
wpeld Zhasts A8 He|w gloh AE AAWE
AL o= 379 AAHELE 7% 2000 m7AE I
oJgko] = Aoz vepgtor) Hs s Al2d
oA 20 ug/m’ W 2l9] & 7= e & 4 ok

FH ASAAE AA 9ol 9HF et
ApEol A BAEE AbEA] edake uledslr] wE
o 443} 8ol PMI0 57} Felshl Z7lal
o3 vehgeh 493 899 A=A PMI0S] FE
L 27} 12174, 84.07 pgm’2 A Gpw w92 A
el A heuizk Abee] el = vepd Ao
= B,

P

)

16000
—— Default_profile
14000 —— GEOS-Chem_Jan ||
GEOS-Chem_Apr
12000 t —— GEOS-Chem_Aug | 1
|| \ GEOS-Chem_Nov
. 10000 ;
g [ |
Y 8000--_\
kel
1 S
= 6000 H:-H -k
< Sy
4000 -
2000 R
\ e
0
0 20 40 60 80 100 120
PM10 (ug/m®)
(b) West
16000
3 —— Default_profile
14000 ¥ —— GEOS-Chem_Jan |’
| \ GEOS-Chem_Apr
12000 —— GEOS-Chem_Aug |
| GEOS-Chem_Nov
—~ 10000 | .
E ool
o 80001
=
: \
‘S 6000
= \
4000 ( ]
2000 H
\
0
0 20 40 60 80 100 120
PM10 (ug/m’)
(d) North

Fig. 4. Mean PM10 vertical profile of boundary conditions on default_profile and GEOS-Chem at southern, western,
eastern and northern boundaries of CMAQ on January, April, August and November in 2008.

J. KOSAE Vol. 29, No. 2(2013)



194 HdH - 78A

PM10
(a) PMI10 (pg/m?)

PM2.5 Soil
SOIL

PMC Soil
ASOIL

Fig. 5. Difference of simulated PM10, PM2.5 soil and PMC soil concentration in model domain for (a) January, (b) April,
(c) August, and (d) November (CMAQ-GEOS - CMAQ-Profile).
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Table 3. Aggregated statistics for PM10 predictions by different boundary conditions at APl observation stations.

MB RMSE NMB
OBS MODEL I0A
(ug/m®) (ug/m’) (%)
Jan CMAQ-default 121.17 62.27 —58.90 0.499 86.75 —48.61
’ CMAQ-GEOS 121.17 63.21 —57.96 0.509 85.91 —47.83
Abr CMAQ-default 111.15 29.06 —82.09 0.394 103.13 —73.85
pr- CMAQ-GEOS 111.15 35.86 —75.29 0.404 97.23 —67.74
Au CMAQ-default 67.29 37.39 —29.89 0.361 51.63 —44.43
& CMAQ-GEOS 67.29 44.78 —22.51 0.276 58.50 —33.45
Nov CMAQ-default 105.51 51.49 —54.02 0.425 81.83 —51.19
’ CMAQ-GEOS 105.51 57.00 —48.51 0.431 79.97 —45.97
Table 4. Aggregated statistics for PM10 of EANET observation stations including only Korea region.
Average MB I0A RMSE NMB (%)
OBS CMAQ CMAQ CMAQ CMAQ CMAQ CMAQ CMAQ CMAQ CMAQ CMAQ
-Profile ~ -GEOS -Profile  -GEOS -Profile -GEOS -Profile ~ -GEOS -Profile  -GEOS
PM10
(ug/m?) 44.83 22.09 25.35 —26.75 —23.49 0.450 0.492 30.88 27.34 =54.77 —48.10

ized Mean Bias (NMB), Root Mean Squared Error
(RMSE) 18] 1. Index Of Agreement (IOA) 4| 7k2
223193} (US EPA, 2007; Willmott, 1982, 1981).
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