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Abstract
2022, making it the largest wildfire episode in the past decade. We evaluated the impacts of this wildfire episode on aerosol
chemical composition and cloud condensation nuclei (CCN) using the Weather Research and Forecast (WRF v3.8) and
Community Multi-scale Air Quality (CMAQ v5.3.2) models. These analyses were conducted using simulations both with

A large and severe wildfire occurred in the northeastern region of South Korea, near Uljin, from March 4 to 13,

wildfire emissions (i.e., Total case) and without wildfire emissions (i.e., Base case). The mean concentrations of PM, s chemical
components in the Total case were significantly higher than those in the Base case, with the largest increase (by a factor of 20)
observed in primary organic aerosol (POA). This increase is due to the emission of large amounts of carbon components into
the atmosphere under forest conditions in the wildfire area, leading to a significant increase in POA concentrations. In
addition, the increased concentrations of PM, 5 components due to the wildfires in the Total case resulted in a substantial rise
(up to 11 times at 40 nm) in the mean number concentrations of CCN compared to the Base case. This model study suggests
that the increase in CCN, along with the large amounts of water vapor supplied by the sea breeze, can exert a significant
impact on the growth of cloud droplets in the target area.
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Fig. 1. Nested model domains for WRF (solid frame) and CMAQ (dotted frame) simulations and the geographical locations of
a fire hotspot (red star), 12 sites for air quality (triangles, AQ), and 12 sites for meteorological variables (circles, MET) (Source:

Sun et al., 2023).
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Fig. 2. Time series plot of the concentrations of the observed and model-predicted PM, ;5 for both Total and Base cases,
including PM, s chemical components for Total case only (primary organic aerosol (POA), secondary organic aerosol (SOA),
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Fig. 3. The relative proportions (%) of five chemical components (POA, SOA, SIA, EC, and OTHER) in simulated PM, 5 mass con-
centrations at the Uljin air quality site (UJ) during the wildfire episode (March 4~13, 2022) and the non-wildfire episodes

(February 27~March 3 and March 14~18, 2022).

Table 1. Statistical evaluation of the meteorological vari-
ables and PM, 5 concentrations between the observed and
model-predicted values for the Total case. The results were
compared at 12 sites for meteorological variables and 12
sites for PM, 5, as shown in Fig. 1, during the study period
(February 27~March 18, 2022).

Statistical parameter

Variable

IOA? RMSE® MBE®
Air temperature (°C) 0.95 221 -0.71
Wind speed (m s™") 0.71 1.86 1.14
Relative humidity (%) 0.94 11.84 -0.03
Atmospheric pressure (hPa)d 0.99 441 -0.80
Solar radiation (MJ m™2)¢ 0.96 0.38 0.01
Precipitation? - 224 -1.06
PM, 5 (ug m~) 0.84 098 0.72

2l0A: index of agreement.

PRMSE: root mean square error.

“MBE: mean bias error.

9dValues were calculated using the observed and model-predicted data
from 8 available sites out of a total of 12 meteorological sites.

m s}, 11.8%, 4.41 hPa, 0.38 MJ m™2, 224 mm=Z 2 2]
ATk PM, 59 A%, tdAS BE TSAH A
RMSEZ} 9.98 uyg m™> J= 2 e Tt =
SAHANA Y 71, FHEE, 71, e ofgt
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