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A Study on the Wet Scavenging Characteristics of
Atmospheric Aerosol in the Korean Peninsula Using

NAMIS (National Ambient Air Quality Monitoring Information
System) Data and Its Application to Air Quality Modeling System
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Abstract Wet scavenging is one of the main mechanisms for the removal of particulate matter in the atmosphere. In this
respect, precipitation is an important component and plays a key role in the removal of air pollutants. When precipitation
occurs, raindrops fall, inducing below cloud scavenging, absorbing pollutants and removing them from the atmosphere. The
wet scavenging process is affected by the strength, duration, concentration, and distribution of air pollutants. The aerosol wet
scavenging coefficient (A,,) by precipitation is used to formulate a change in aerosol concentration (C) during the
precipitation time (t). According to the equation, the wet scavenging coefficient was calculated using multi-year PM, s hourly
concentration data from the NAMIS (National Ambient air quality Monitoring Information System). The main purpose of this
study is to gain a better understanding of scavenging coefficients including characteristics unique to Korea by using
measurement data for five years for 12 cities. By applying a developed scavenging coefficient to the three-dimensional air
quality model, these results provide wider support for improving the accuracy of simulating particle matters in East Asia. An
implication of the new scavenging coefficient is a value that better reflects precipitation characteristics in Korea and one that
can also help research scavenging characteristics in East Asia in the future and contribute to improving modeling accuracy.
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Table 1. Scavenging coefficient (in units of hr) expressed as aRP (where the rainfall rate R is in units of mm hr™").

a b Reference

Note

0.36 0.67~0.76  Okita et al.(1996)

0.24 0.7 Andronache (2003)

0.073 0.543 Choi et al.(2020)

1.26 0.78 Scott (1982)

1.51 0.79 ENVIRON. Inc. (2005)

0.9 0.61 Xu etal. (2019)

0.2736 0.8 Xu etal. (2019)

0.396 0.52 Xu et al. (2019)

0.025 0.92 Jylhd (1999)

0.3024 0.79 Baklanov and Sgrensen (2001)

Experimental estimation for total wet scavenging by Okita et al. (1996)
Urban, Calculations are based on the aerosol types by Jaenicke (1993)

Model calculated in-cloud scavenging coefficient with d, = 10 um particle
Parameter in CTMs

NO;s7, Beijing, China, summer of 2014, field measurement

50,2, Beijing, China, summer of 2014, field measurement

NH,*, Beijing, China, summer of 2014, field measurement

Model calculated values for particles with diameters in the range [0.3~0.9] um
Theoretical calculation
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Table 2. Information of city location and station mapping.

) Location of Num?er of .
City name X matched air pollution
weather station monitoring stations
Seoul 37.9740N 124.7124E 7
Busan 35.1047N  129.0320E 5
Daejeon 36.3720N  127.3721E 5
Gwangju 35.1729N  126.8916E 5
Incheon 37.4777N  126.6249E 4
Daegu 35.8780N  128.6530E 4
Yeosu 34.7393N  127.7406E 2
Baengnyeong 37.9740N  124.7124E 2
Gosan 33.2938N  126.1628E 1
Ulleung 37.4813N  130.8986E 1
Jecheon 37.1593N  128.1943E 1
Gangneung 37.7515N  128.8910E 1
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Table 3. Modeling options and details.
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Horizontal grid 273 (COLS) X 204 (ROWS)

Resolution 15km
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2

b

Pre-running: March 26~April 1, 2016 (During 7 days)

Modeling period

Main-running: April 1~April 30, 2016 (During 30 days)

CMAQ chemical option SARPC-07tc

AEROS6 (6th generation CMAQ aerosol module)
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Fig. 2. Scavenging coefficients as a function of rain intensity.




=
:
JI)h
%
I
0%
A
HU
i
o
ol

1.E-02

o St OMIX| S41 MIE

=4 o7 2 3R | 2y Ng

1.E-03

1.E-04

Scavenging coefficients (s?)

1.E-65 T

— Okita et al. (1996)
Scott (1982)
Environ. Inc (2005)

— Danhui Xu (2017)

This study for PM1@
== This study for PM2.5
Andronache (2003)

— Okita et al. (1996)

Jylha (1999)
Baklanov and Sorensen (2001)
— Choi (2020)

1 10

Precipitation intensity (mm/h)
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Fig. 4. Monthly average scavenging coefficients and precipitation.
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[G] Average Precipitation

[C]Mod Coel0-Defult

[F]Mod Coe2.5-Defouit

Fig. 5. Default and modified CMAQ results of particulate matter concentration (PM,, and PM, 5) and precipitant (April, 2018).
[A] Average PM,, concentration of default CMAQ, [B] Average PM;, concentration of modified CMAQ with new coefficient
about PM,, [C] Differences PM,, concentration between default CMAQ and modified CMAQ with new coefficient about PM;,
[D] Average PM, 5 concentration of default CMAQ, [E] Average PM, 5 concentration of modified CMAQ with new coefficient
about PM, s, [F] Differences PM, 5 concentration between default CMAQ and modified CMAQ with new coefficient about

PM, 5, and [G] Average Precipitation in CMAQ.
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