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Abstract Air quality has cumulative and complicated characteristics with emission, advection, diffusion and chemical
reactions of air pollutants. For the implementation of a PM, 5 improvement plan for a local government, it is needed to
understand PM, 5 contributions of the source from neighboring local governments as well as the target local government. To
quantitatively estimate the PM, 5 contributions, conversion rates of the precursor emissions to PM, 5 concentrations for a local
government can be applied. However, it is difficult for the policy maker to prepare the conversion rate between the emission
and concentration when the complicated nonlinear behaviors of air pollutants are considered. In this study, the contribution of
PM, 5 source categories (point, mobile and area) and pollutants (NOx, SOx, NH3, VOC and PM, ;) was analyzed using WRF and
CMAQ/BFM for 17 local governments. From the results of these contribution concentration and emissions by local govern-
ments, the conversion rate of PM, 5 were estimated for each source category and each pollutant. The conversion rate that
explains how much PM, 5 concentration is generated by one ton of the prcursor emissions can be used to examine the effects
of air quality policies such as emission controls. In addition, it can be usefully used in the pre-evaluation step before the
complicated three-dimensional air quality modeling by quantitatively analyzing the influence of PM, 5 due to the changed
emission.
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Table 1. Description of three domains for WRF modeling.

Domain1 Domain2 Domain 3
Horizontal grid resolution 27 km 9km 3km
East-West 181 76 187
North-South 143 97 232
Vertical layer 35
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Fig. 1. Nested domains for WRF and CMAQ modeling.

Table 2. WRF model physics adopted in this study.

Physics

Option

Short-wave radiation option
Long-wave radiation option
Land-surface option
Boundary-layer option
Cumulus option
Microphysics option

Dudhia shortwave radiation (Dudhia, 1989)

RRTM scheme (Mlawer et al., 1997)

Unified NOAH land-surface model (Chen and Dudhia, 2001)

Yonsei University (YSU) scheme (Hong et al., 2006)

Kain-Fritsch (new Eta) scheme (Kain, 2004)

WSM 3-class simple ice scheme (Hong et al., 2004; Hong et al., 1998)

Table 3. CMAQ model options adopted in this study.

Description
Chemical mechanism SAPRC99
Emissions inventory 2013 CAPSS & 2015 CREATE
Boundary condition Profile
Advection scheme PPM
Horizontal diffusion Multiscale
Vertical diffusion Eddy
Cloud scheme ACM
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BAPZIZHZ 2015 180] tiste] ARSI H, 11
AZF pre-run 717 AdAJsto] =gfotSct. thr]d &

Weo] AHgE S MEEe FASATLA
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Fig. 2. Time series and scatter diagram of (a) temperature and (b) wind speed model simulations and observations for 2015.
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Fig. 3. Time series and scatter diagram PM, s model simulations and observations at 90 Air Korea stations in 2015.

Table 4. Statistics for (a) 2-m temperature, and (b) 10-m wind speed in 2015.

(a) 2-m temperature

(b) 10-m wind speed

Mean (°C) Mean (m/s)
R Bias RMSE IOA R Bias RMSE I0A
Observed  Modeled Observed  Modeled
Spring 129 11.9 095 -1.0 24 0.97  Spring 2.3 3.1 0.68 09 1.9 0.78
Summer 25.2 24.2 092 -1.0 2.2 0.95 Summer 1.9 2.6 0.66 0.7 1.6 0.77
Autumn 13.8 14.0 0.95 0.2 2.2 0.97  Autumn 1.7 2.7 0.64 1.0 1.8 0.73
Winter 0.2 -0.5 091 -0.7 2.8 0.95 Winter 2.2 3.0 065 08 1.9 0.77

Emery et al.(2001) benchmarks for wind speed (10 m): RMSE <2 m/s, Bias < +0.5m/s, I0A>0.6
Emery et al. (2001) benchmarks for temperature (2 m): Gross error <2K, Bias< +0.5K, I0A>0.8
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Table 5. Statistics for PM, 5 at Metropolitan cities in 2015.

Mean (ug/m?)
R — R Bias RMSE IOA
Observed  Modeled
Spring 253 23.0 076 -24 124 0.85
Summer 18.7 123 0.69 -6.3 108 0.77
Autumn 19.5 215 0.78 2.0 103 0.86
Winter 26.5 29.6 0.78 3.1 114 0.86

Emery et al.(2017) goals for 24-hr PM, s: r >0.70
Emery et al.(2017) criteria for 24-hr PM;s: r>0.40

B 5= TGN LY PM,; B BAF AHE B=G
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oz mEgro] #Eghe F Ayshe A= 4
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