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Abstract In this study, we analyzed the variation of PM, 5 concentration and the range of domestic and foreign contribu-
tion according to the variation range of emission when calculating the contribution of BFM (Brute-Force Method) to the CMAQ
model. As a result of modeling by reducing the domestic emissions by 20%, 40%, 60%, 80%, and 100% in high-concentration
PM, 5 cases in January 2017, the simulated PM, 5 concentrations were decreased by 3.2 ug/m?, 6.5 ug/m>, 10.1 pug/m?, 14.1 ug/
m?3, 20.7 ug/m?3, respectively, and these results show non-linear characteristics between emission and PM, 5 concentration. The
non-linearity between these emissions and PM, 5 concentration also found to have an effect on the estimation results of the
domestic and foreign contribution using BFM. In particular, the results of domestic and foreign contribution evaluation under
the zero-out condition for the period covered by this study showed a difference of more than 6% from the contribution evalu-
ation results calculated under the 20~80% emission variation condition. It was confirmed that the results of the contribution
evaluation for PM, 5 could be slightly different according to the emission fluctuation condition when applying BFM to the air
quality model.
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Fig. 1. Surface weather chart provided by Korean Meteorological Administration at 00 UTC on (a) 16 January; (b) 17 January; (c)
18 January; (d) 19 January; (e) 20 January; and (f) 21 January in 2017.
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Fig. 2. Domain settings for the East-Asia (left) and location of air quality measurement stations in Seoul Metropolitan Area
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Table 1. WRF configurations used in this study.

Physical options Scheme

Micro physics

Long wave radiation
Short wave radiation
Land-surface model
PBL physics
Cumulus option

WSM3 (Hong et al., 2004)

RRTM (Mlawer et al., 1997)

Goddard (Chou and Suarez, 1999, 2001)
Noah LSM (Chen and Dudhia, 2001)
YSU (Hong et al., 2006)

Kain-Fritsch (Kain, 2004)

Table 2. CMAQ configurations used in this study.

Module Options

Aerosol module
Chemical mechanism
Advection scheme
Horizontal diffusion
Vertical diffusion

AEROS5 (Binkowski and Roselle, 2003)
SAPRC99 (Carter, 1999)

YAMO (Yamartino, 1993)

Multiscale (Louis, 1979)

ACM2 (Pleim, 20074, b)

5th generation CMAQ Aerosol Module (AEROS5; Bin-
kowski and Roselle, 2003), 3}t W7 L &2 Statewide
Air Pollution Research Center Version 99 (SAPRC 99;
Carter, 1999)F ©|-&5tirt. 714 & di7]d 2Ho]
A Fa 29 . 55t 442 247 E 13} ® 20
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Table 3. Emission sensitivity test design using Brute-Force
Method.

Experiment  Foreign emissions Domestic emissions
Base MIX 2010 CAPSS 2010
DM_R20 MIX 2010 20% reduced CAPSS 2010
DM_R40 MIX 2010 40% reduced CAPSS 2010
DM_R60 MIX 2010 60% reduced CAPSS 2010
DM_R80 MIX 2010 80% reduced CAPSS 2010
DM_R100 MIX 2010 100% reduced CAPSS 2010

Fig. 3. SO, (a) and NO, (b) emission in Northeast Asia estimated through SMOKE (unit: moles/s).
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Table 4. Statistical verification results for model simulation
in this study.

Variables Obs. Model r MB  RMSE 10A
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Table 5. Simulated concentration and reduction of PM, s in Seoul Metropolitan Area due to variations in domestic anthropo-

genic emissions. (unit: ug/m?)
DM_R20 DM_R40 DM_R60 DM_R80 DM_R100

PM, 5 conc. 459 425 390 34.9 284

Standard deviation 53 35 27 2.0 22
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of PM, 5 major components according to domestic emissions
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Fig. 5. Domestic and foreign contributions on PM, 5 due to
variations in anthropogenic emissions.
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