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Abstract  To investigate the synoptic patterns and spatial differences associated with extremely high PM, 5 concentrations
(EH), five representative cases lasting more than three days were selected from the central region of South Korea. This study
utilized air quality monitoring data from 36 stations, maintained from 2018 to 2022, to analyze EH cases. In this study, days
with PM, s concentrations above the 90" percentile were defined as EH days. The central region was divided into five clusters
using the K-means clustering method. For the regional analysis of EH cases, a comprehensive analysis was conducted by
considering various influencing factors such as planetary boundary height, 10 m wind direction, 10 m wind speed, PM, 5
concentration, geographic location, and topographical characteristics. The five representative EH cases in the central region
exhibited anticyclonic anomalies in the upper troposphere over the Korean Peninsula, resulting in a weakened ventilation
effect. EH cases can be broadly categorized into three groups: cases of Inflow First Stagnation Later (IFSL), Stagnation First
Accumulation Later (SFAL), Stagnation First Inflow Later (SFIL). IFSL cases were associated with migratory anticyclone, and
under these synoptic patterns, regional differences of EH day occurred. Although both SFAL and SFIL cases were commonly
associated with high pressure stagnation in East Asia and the Korean Peninsula, SFAL cases led to regional differences, while
SFIL did not. These results emphasize that regional differences in PM, 5 are caused by variations in the position and intensity
of the lower-layer anticyclone due to the upper-layer anticyclone deviation.
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Fig. 1. Spatial distribution of PM, 5 observation stations in
central region of South Korea. Shading indicates altitude (m)
above sea level.
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Table 1. Station information.

ror

Number Station number Province City State

1 533112 Chungcheongbuk-do Cheongju-si Songjeong-dong

2 533113 Sacheon-dong

3 533115 Yongam-dong

4 633122 Chunju-si Hoam-dong

5 633123 Chilgeum-dong

6 633131 Jechen-si Jangnak-dong

7 633311 Danyang-gun Maepo-eup

8 633411 Jincheon-gun Jincheon-eup

9 534111 Chungchengnam-do Cheonan-si Seonghwang-dong
10 534112 Baekseok-dong
11 534433 Dangjin-si Songsan-myeon
12 534421 Seosan-si Daesan-eup
13 534422 Dongmun-dong
14 534441 Asan-si Mojong-dong
15 534442 Baebang-eup
16 534451 Nonsan-si Buchang-dong
17 534462 Taean-gun Iwon-myeon
18 534463 Taean-eup
19 534481 Boryeong-si Daecheon-dong
20 534491 Hongseong-gun Hongseong-eup
21 534342 Gongju-si Bonghwang-dong
22 534411 Buyeo-gun Buyeo-eup
23 534502 Cheongyang-gun Cheongyang-eup
24 735121 Jeollabuk-do Gunsan- si Sinpung-dong
25 735133 lksan-si Palbong-dong
26 735134 Mohyeon-dong
27 525111 Daejeon Eumnae-dong
28 525112 Munpyeong-dong
29 525121 Munchang-dong
30 525141 Guseong-dong
31 525142 Noeun-dong
32 525161 Seongnam-dong
33 525171 Jeongnim-dong
34 525172 Dunsan-dong
35 541111 Sejong Sinheung-dong
36 541112 Areum-dong
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Fig. 2. Seasonal mean time-series (a) and daily time-series of PM, 5 concentration anomalies (b) over 5 years (2018~2022) dur-
ing JF period. In (a), gray bar and purple dot line indicates PM, 5 concentration in Korea and central region of South Korea.
Gray and purple dash line indicate climatological mean of PM, 5 concentration during the before period (2018~2019) and
after period (2020~2022) for Korea and central region of South Korea. In (b), purple circles indicate EH days. Purple and red
lines indicate 90'" percentile and median, respectively.
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(d), Cluster 4 (e), Cluster 5 (f). Dashed and other lines indicate Korea 90t percentile and median, cluster goth percentile and
median, respectively. Circles indicate EH days.
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Table 3. The 90" percentile (90%ile) and median of PM, 5 concentration (units: pg/m?) during the before period (2018~2019)

and the after period (2020~2022).

Before period (2018~2019)

Percent Korea Central region Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

90%ile 52.6 58.04 51.88 62.95 69.33 48.52 57.28

Median 28.75 31.11 23.96 3233 357 27.7 3335
After period (2020~2022)

90%ile 44.57 50.01 43.85 54.92 61.3 40.49 49.25

Median 20.72 23.08 15.93 243 27.67 19.67 25.32
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Fig. 6. Daily time-series of EH case (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4, (e) Case 5. Green line is daily PM, 5 observation
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Case 1: IFSL (Inflow First Stagnation Later)

Synoptic PM; 5 flux Regional
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Fig. 7. Spatial distribution of 300 hPa GPH (units: m; contour interval of 120 m) and SLP (units: hPa; shading) anomalies for
(a~d), PM,5 flux (units: ug/m>; shading: PM, 5 concentration; vector: horizontal PM, 5 flux) and SLP (units: hPa; contour) for
(e~h), PBL height (units: m; shading), 10 m wind (units: m/s; vector) and observation PM, s concentration (units: ug/m3; circle)
for (i~1) during Case 1.
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Case 2: SFIL (Stagnation First Inflow Later)
Synoptic PM_ 5 flux Regional
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Fig. 8. Spatial distribution of 300hPa GPH (units: m; contour interval of 120 m) and SLP (units: hPa; shading) anomalies for
(a~d), PM,5 flux (units: ug/m>; shading: PM, 5 concentration; vector: horizontal PM, 5 flux) and SLP (units: hPa; contour) for
(e~h), PBL height (units: m; shading), 10 m wind (units: m/s; vector) and observation PM, s concentration (units: ug/m3; circle)

for (i~1) during Case 2.
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Case 3: SFAL (Stagnation First Accumulate Later)
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Fig. 9. Spatial distribution of 300 hPa GPH (units: m; contour interval of 120 m) and SLP (units: hPa; shading) anomalies for
(a~d), PMy s flux (units: pg/m3; shading: PM, s concentration; vector: horizontal PM, s flux) and SLP (units: hPa; contour) for
(e~h), PBL height (units: m; shading), 10 m wind (units: m/s; vector) and observation PM, 5 concentration (units: pg/m3; circle)

for (i~1) during Case 3.

792 34 5o v A 23 7 EH 20| 227 o

=

3.3.4 Al 4(202114 28 92~202114 28 159)
ERtH(2E 6d). AFl 13} A SHSell o4

A 4+ 2021 2 99 RE 2021 2 154, F

=72 FStE|X| K40 H M 55

ror



12 RAEls ZTisE P Mol Ko Xolot HEiE SuuE: 5eHs N0z [1605

Case 4: IFSL (Inflow First Stagnation Later)

Synoptic PM_ s flux Regional
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Fig. 10. Spatial distribution of 300 hPa GPH (units: m; contour interval of 120 m) and SLP (units: hPa; shading) anomalies for
(a~d), PM, s flux (units: ug/m?3; shading: PM, s concentration; vector: horizontal PM, s flux) and SLP (units: hPa; contour) for
(e~h), PBL height (units: m; shading), 10 m wind (units: m/s; vector) and observation PM, 5 concentration (units: pg/m3; circle)
for (i~1) during Case 4.
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Case 5: SFIL (Stagnation First Inflow Later)

Synoptic PM_ 5 flux Regional
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Fig. 11. Spatial distribution of 300 hPa GPH (units: m; contour interval of 120 m) and SLP (units: hPa; shading) anomalies for
(a~d), PM, 5 flux (units: pg/m?>; shading: PM, 5 concentration; vector: horizontal PM, s flux) and SLP (units: hPa; contour) for
(e~h), PBL height (units: m; shading), 10 m wind (units: m/s; vector) and observation PM, s concentration (units: ug/m3; circle)

for (i~1) during Case 5.
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Fig. 12. Backward trajectories related to EH cases in the central region of South Korea, (a) Case 1, (b) Case 2, (c) Case 3, (d)
Case 4, (e) Case 5. Contour is SLP (units: hPa). Green line is backward trajectories (interval 5 hours).
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Fig. 13. Schematic diagram of the IFSL, SFIL, SFAL for synoptic patterns (a~c), and regional difference (d~f) related to EH
cases in the central region of the Korean Peninsula. Blue line is lower high pressure, red line is inflow path of PM, s and green
line is main wind direction.
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