'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 41, No. 3, June 2025, pp.502-514
https://doi.org/10.5572/KOSAE.2025.41.3.502

p-ISSN 1598-7132, e-ISSN 2383-5346

=
™=

Ho

OtHL X|5LCH7 | ZA|AN|A 2005 H 5 E 2024 A7X] 2= E
OO2S It A HIT T1 OIX} AHA 34t 7.1|x-|x-| Ek|

Seasonal Characteristics in Aerosol Number Size Distribution and
New Particle Formation (NPF) Observed at Anmyeondo Global
Atmosphere Watch (GAW) Station from 2005 to 2024
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Abstract This study examines the seasonal characteristics of particle number size distribution and new particle formation
using 20-year dataset (2005-2024) from Scanning Mobility Particle Sizer (SMPS) measurements from the Anmyeondo Global
Atmospheric Watch (GAW) station. While nucleation mode particles with a diameter (D,) smaller than 25 nm constituted only
13% (441 41,005 cm™3) of the mean concentration (3,989 + 794 cm™), they exhibited distinct diurnal patterns compared to
Aitken (25 nm <D, <100 nm) and accumulation (100 nm < D, <500 nm) modes with significant enhancement during daytime
(9~17 LST), indicating active particle formation. This notable surge in nucleation mode concentration varied in both magnitude
and timing across seasons, reflecting seasonal differences in particle formation intensity and frequency. Cyclostationary
empirical orthogonal function (CSEOF) analysis identified strong new particle formation (NPF) events on 13% (658 days) of the
total observation days (5,229 days). Autumn exhibited the highest strong-NPF frequency (22%) associated with local pollutant
transport under easterly winds, characterized by enhanced growth and formation rates. Winter and spring each demonstrated
an 11% frequency of strong-NPF under continental high-pressure conditions that reduced preexisting aerosol concentrations
and promoted cloud-free conditions, thereby increasing surface solar radiation and creating favorable environments for particle
nucleation. The lowest NPF frequency (9%) during summer can be attributed to clean maritime Pacific air masses and active wet
removal processes. The observed pronounced diurnal and seasonal variations in nucleation mode particles underscore the
complex interplay between meteorological conditions, air mass origins, and precursor availability in controlling particle
formation and growth in the coastal environment.
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2 AT e U AT 7| FHA A (36°32'N,
126°19'E, St 45.7 m)ol| 4] 20059 1'95E 20249 6
L7HA] ¢F 20@7F Scanning Mobility Particle Sizer
(SMPS, HAFE YA = BSE oojzE2]
AAYE 55 AR E EASFATHNIMS, 2021; Kim et
al., 2013). T= 2| e} FHste], 20058 195 € 2016
H 1Y971R)= TSIAFS] SMPS (2 TSI 3034)E ©]
£5}o] 5470 Wl (bin)o 2 FE=E A7 10~487 nm ¥
919 efe|RE 5 E 5796, 20161 297 H
20241 697HA] = GRIMMALS] SMPS (2 2: GRIMM
5.416)2 ARgSlo] 1417 W12 JLHE 8~1200 nm
Helo] oo]2E YFE 5 s WSSt & &
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H BAS 95 2 A7oAE GRIMM 5.4169] 24
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A7 & BASEATH(Park et al., 2023; Joshi et al.,
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EFEAL 2tm e} o)Al B4 7] (THERMO, 43i) 2
Z4 o)itekto] FrE EASHHTHNIMS, 2021).

H
=
S B
T
o1
H

J. Korean Soc. Atmos. Environ., Vol. 41, No. 3, June 2025, pp.502-514



2.2 YUX MY Ao T 7|

£ Ao A= Cyclostationary Empirical Orthogo-
nal Function (CSEOE, 84 £3F ZAd2 A0 gk
7182 2087 BEH ofoj2E9] U S
I 2pmol A-gste] dAre] A B A A=
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Fig. 1. (a) Diurnal variation of particle number size distribution (left panel) along with their standard deviation (right panel)

and (b) Seasonal variation of particle number size distribution
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Fig. 2. CSEOF loading vector and PC amplitude time series for (a) the first mode and (b) the second mode at Anmyeondo

GAW Station from 2005 to 2024.
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Table 1. Formation rate and growth rate during strong-NPF days, and condensation sink for both strong-NPF and non-NPF

day at Anmyeondo GAW Station from 2005 to 2024.

Formation rate

Growth rate

Condensation sink

(cm™3s7) (nmh™) (x1073s7)
Strong NPF Strong NPF Strong NPF Non NPF
Winter 0.7+05 32+25 17.6+7.9 22.0+12.0
Spring 0.8+0.6 3.8+26 19.1+64 21.3+11.1
Summer 09+0.6 45+2.6 214176 19.8+12.4
Fall 1.0+0.6 46+3.7 18.4+6.9 189+11.5
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Hh(Kim et al., 2021a; Ham et al., 2019). SPHE 2]
1:]]7]71-/\]/\01]/\-] Q 01;{]— }\HH o:‘[/kl-g] ‘?JE% 7]-
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et al., 2021b; Park et al., 2021; Lim et al., 2018). A5
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Park et al., 2023b; Song et al., 2023).
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Fig. S1. Diurnal variations of particle number concentration by season for each size mode, categorized by particle diameter
(Dy) into nucleation, Aitken, and accumulation mode.
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Table S1. Differences in daily mean SO, concentration, downward solar radiation, and relative humidity between strong-NPF
and non-NPF days. Positive values indicate higher values on strong-NPF days compared to non-NPF days.

SO, [ppb] Solar radiation [Wm™] Relative humidity [%]
Winter -0.4 +444 -11.8
Spring -0.4 +443 -13.7
Summer +0.1 +50.1 -13.9
Fall -0.2 +53.0 -15.8
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