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Abstract  This study investigated the impact of direct aerosol feedback (DAF) on meteorology and particulate matter
(PM;o and PM, ;) using the WRF-CMAQ two-way coupled model during a high PM, 5 event observed in South Korea from
February 17 to March 15, 2019. The impact was quantified by analyzing differences in meteorological variables and PM
concentrations between simulations that included DAF (i.e., YF) and those that did not include DAF (i.e., NF). Overall, the effect
of DAF (YF minus NF) was more pronounced as the PM concentration in the air increased. The DAF effect was generally
stronger in the northwestern and/or western regions of South Korea than in the eastern regions. In the study area, primarily
over land, the DAF effect was found to decrease solar radiation, planetary boundary layer height, air temperature, and wind
speed, with average changes of —-0.54 MJ m™, -29 m, -0.14°C, and -0.04 m s”', respectively, while increasing relative
humidity by an average of +0.8%. These changes in meteorological variables due to the DAF effect resulted in an average
increase in PM;o and PM, s concentrations (0.25 pg m~ and 0.49 ug m™, respectively) over land in South Korea. Interestingly,
in the southern regions, the DAF effect led to a decrease in PM concentrations, primarily due to a reduction in the
concentrations of secondary aerosols (mainly NO3") and precursors (mainly HNOs) and partly due to differences in
meteorological conditions (small changes in wind speed and relative humidity). In addition, the magnitude of the DAF effect
in ocean areas was found to be mostly lower than that in land areas.
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Fig. 1. The nested model domain for the WRF-CMAQ two-way coupled model simulations and the geographical locations of
70 monitoring sites for meteorological variables (MET, circles) and 70 monitoring sites for particulate matter concentrations
(AQ, triangles). “JG", “NS’, “GB’, and “OC" in the figure represent four air quality monitoring sites in South Korea: Jung-gu (JG) in
Seoul, Nongseong-dong (NS) in Gwangju, Gwangbok-dong (GB) in Busan, and Okcheon-dong (OC) in Gangneung. “SL, “GJ",
“BS", and “GN"in the figure represent meteorological monitoring sites in Seoul, Gwangju, Busan, and Gangneung, respectively,
and these sites are located within 5 km of their respective air quality monitoring sites.
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Table 1. Details of the grids and physical options used in the WRF-CMAQ two-way coupled model.

[A] WRF model

D2 D3
Horizontal grid 140 X 146 220%223 247 X193
Horizontal resolution (km) 27 9 3
Vertical layers 30 30 30
Microphysics WSM3 for D1 WDM6 for D2~D3

Longwave and shortwave radiation
Land surface

Surface layer

Planetary boundary layer

RRTMG (lacono et al., 2008)

Pleim-Xiu LSM (Xiu and Pleim, 2001)
Pleim-Xiu surface layer (Pleim, 2006)
ACM2 PBL scheme (Pleim, 2007a, 2007b)

Cumulus Kain-Fritsch scheme (Kain, 2004)
[B] CMAQ model

D2 D3
Horizontal grid 129X 135 209x212 236182
Horizontal resolution (km) 27 9 3
Vertical layers 30 30 30
Chemical mechanism Cbé6r3_aq
Aerosol module AERO7

Diffusion (horizontal/vertical)
3-D advection
Gas-phase chemistry

WRF_CONS

Multiscale/ACM_M3Dry

Euler Backward Iterative (EBI) solver
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Fig. 2. Spatial distributions of the difference in meteorological variables ((a) solar radiation (RAD), (b) air temperature (Temp),
(c) planetary boundary layer (PBL) height, (d) wind speed (WS), and (e) relative humidity (RH)) between YF and NF (YF minus
NF) during the daytime of entire simulation period (February 17~March 15, 2019).
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Table 2. Correlations of differences in meteorological variables and air pollutant concentrations between YF and NF simula-
tions (YF minus NF) over land and ocean areas during the daytime of entire simulation period (February 17~March 15, 2019).

[A] Land area

RAD (MJ m™?) Temp (°C) PBL height (m) WS(ms™) RH (%)
PMyo (g m~3) -0.296** -0.486** -0.348** -0.346** 0.455**
PM, 5 (ug m™) -0.377** -0.497** -0.345** -0.415%* 0.482%*
NO;™ (ug m™ -0.311** -0.533** -0.409** -0.360** 0.475%*
50,2 (ug m3) -0.525%* -0.379%* -0.188** -0.470%* 0.423%*
NH, " (ug m™) -0.457%% -0.535%* -0.362%* -0.465%* 0.517**
HNO; (ppb) 0.038** -0.092** -0.019* -0.043%* 0.157%*
NO, (ppb) -0.472%* -0.370%* -0.244%* -0.351%* 0.295%*
[B] Ocean area

RAD (MJ m™) Temp (°C) PBL height (m) WS (ms™) RH (%)
PMyo (ug m™3) 0.034** -0.022%* -0.094** 0.035** 0.143**
PM, 5 (ug m™) -0.084** 0.191** -0.075** 0.082** 0.018**
NO;™ (ug m™) 0.108** -0.248** -0.062** -0.188** 0.149%*
50,2 (ug m™3) -0.322%* 0.579** -0.002 0.335** -0.184**
NH,* (ug m™3) -0.234** 0.358** -0.047%* 0.228** -0.036**
HNO; (ppb) -0.131** 0.104** -0.071** 0.158** 0.129%*
NO, (ppb) -0.150** 0.369** -0.035%* 0.161** -0.100**

RAD: Solar radiation; Temp: Air temperature; PBL height: Planetary boundary layer height; WS: Wind speed; and RH: Relative humidity.

*** Correlation is significant at 0.05 and 0.01 levels, respectively.
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Table 3. Statistical evaluation of the several meteorological variables and the concentrations of particulate matter (PM;, and
PM, 5) between observed and simulated values obtained from both YF and NF simulations. The results were compared using
observations from several monitoring sites (“All’, 70 sites for both meteorological variables (including SL, GJ, BS, and GN) and
PM (including JG, NS, GB, and OC), as shown in Fig. 1) during the entire simulation period (February 17~March 15,2019).

[A] Meteorological variables

RAD (MJ m™?) Temp (°C)

WS(ms™) RH (%)

Sites
IOA*  RMSE®  MBES |0A?

RMSEP MBE®

I0A? RMSE®  MBES IOA? RMSE®  MBES

SL 0.98/0.92¢ 0.42/052 0.20/0.27 0.91/0.91 3.08/3.12 —2.00/-1.92 0.70/0.68 1.18/1.26 0.52/0.58 0.86/0.85 17.5/18.0 9.28/8.99
GJ 0.98/0.92 0.45/0.54 0.10/0.16 0.93/0.93 2.52/2.60 -0.68/-0.63 0.67/0.67 1.38/1.48 0.77/0.85 0.89/0.88 15.9/16.6 4.79/4.37
BS 0.98/0.95 0.42/0.47 0.10/0.16 0.94/0.94 1.76/1.79 -0.89/-0.85 0.67/0.66 1.55/1.61 0.56/0.60 0.88/0.86 13.0/13.8 4.11/3.62

GN 0.98/0.95 0.38/0.43 0.14/0.18 0.87/0.87 3.41/3.48 -2.20/-2.21

0.67/0.64 1.33/1.43 0.01/-0.03 0.87/0.87 15.2/15.6 6.29/6.37

Al 0.93/0.91 0.49/0.56 0.21/0.26 0.95/0.95 2.21/2.29 -0.52/-0.47 0.74/0.72 1.60/1.70 0.90/0.95 0.90/0.89 14.3/15.1 1.43/0.81

[B] Particulate matter

PM;o (ug m™) PMy5 (ug m™)
Sites
IOA? RMSEP MBES IOA? RMSE® MBE®

JG 0.80/0.764 32.67/35.25 -18.71/-20.87 0.83/0.79 23.49/25.09 -12.18/-14.12
NS 0.75/0.74 40.93/43.55 -29.37/-30.41 0.77/0.74 31.64/34.60 -20.06/-21.47
GB 0.67/0.66 28.52/29.62 -19.65/-20.43 0.70/0.68 20.77/22.01 -13.46/-14.25
oC 0.69/0.66 29.48/31.98 -19.09/-20.32 0.75/0.69 20.38/22.57 -13.25/-14.32
All 0.76/0.73 34.87/37.23 -21.42/-22.54 0.79/0.75 25.40/27.70 -13.70/-14.96

RAD: Solar radiation; Temp: Air temperature; WS: Wind speed; and RH: Relative humidity.
2b<|OA: index of agreement, RMSE: root mean square error, and MBE: mean bias error.
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