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Spatiotemporal Evolution and the Diffusion Pattern of
COVID-19 in South Korea in Three Waves

*

0]Z3] Lee Jin Hui", ¥1< Park Min Sook™, ©]AFl Lee Sangwon™

Abstract

This study aims to uncover cross-district transmission patterns of COVID-19 outbreaks in South Korea in three
waves. To this end, a total of 93,755 reported cases that local governments published online were firstly mapped
and analyzed the spatial diffusion patterns using ArcMap 10.5. Secondly, network analyses method was employed
to discover the directions of transmission as well as the relationships between urban hierarchy and transmission pat-
terns of the virus in three waves. In network analysis, 28,365 cases, that contain information of both origin and
destination of individual cases, were analyzed and visualized using Gephi. The analyses unveiled the differences among
three outbreak waves in their transmission scales, speed, and directions. At an overall level, the Seoul Metropolitan
Areas (SMA) found to be the super-spreader and instrumental in spreading the virus throughout the pandemic.
But the second and third waves were more diverse and heterogeneous while the transmission of the first wave was
concentrated around the SMA. Districts with over 1 million population found to have contributed to widespread
and rapid transmission of the virus. The findings of this study contribute to developing and deploying area-specific

prevention and intervention measures against future epidemics.

Keywords: COVID-19, Spatial Diffusion, Network Analysis, Spatial Epidemiology
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Park and Lee(2021, 12 <Table 2>).

Table 1

_ Hierarchical Categories Based on Population Size

(unit: person)

Population size Si*Gun*Gu Level

Population size

Si*Gun*Gu Level

1,000,000 or more 4

100,000 ~ 300,000

2

3

300,000 ~ 1,000,000

100,000 or less

1

Source: Written by the author based on Lee(2016), Kim, Jeong and Lee(2012), and Lee and Lim(2018, 119 <Table 1>).
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Table 2 _ Duration of Each Wave of the COVID—19 Pandemic and Associated Major Social Issues

Wave Start date of the wave | End date of the wave Main issue
1* Wave 2020. 1. 20 2020. 4. 20 Shincheonji church-related clusters
2™ Wave 2020. 4. 21 2020. 9. 28 8.15 Downtown rally
3" Wave 2020. 9. 29 2021. 4. 30 The average number of daily new cases in a week was larger than 400

Source: Lee, Park and Lee(2021, 12), Written by the author based on <Table 2>.
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Table 3 _Parameters of Transmission Networks of the Individual Three Waves of COVID—19

Centralities Network Attributes
Wave Mean Mean
Co Co Cote: Chw PR. Diameter | path Density | clustering
length coef.
0—1
1 (n=12)
1 Range | 0—190 0—84 _ 0—115.5 0.005—-0.016
0<Cue<1 (a=13) 7 2458 | 0005 | 0.066
Wave 0 (n=132)
Mean 3.567 3.567 0.117 3.000 0.005
0—1
| L (n=3)
o Range | 0—1,098 | 0—209 _ 0—997.665 |0.002—0.018
0<Cue<1 (n=0649) 7 2.681 0031 | 0.227
Wave 0 (n=90)
Mean 30.153 30.153 0.188 57.427 0.004
0—1
1 (n=6)
3 Range | 0—796 0—-816 7 0—4087.539 | 0.001—0.021
0<Cun<1 (n=109) 9 35584 | 0059 | 0366
Wave 0 (n=42)
Mean 139.739 | 139.739 0.246 210.064 0.004

Source: Written by the author based on reported confirmed cases that local governments (Seoul; Incheon; Gwangju; Daejeon; Ulsan;
Sejong; Gyeonggi; Jeonbuk; Jeonnam; Gyeongnam) published online.

Figure 3 _The Transmission Networks of the Individual Three Waves of COVID—19
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Note: The duration of each wave was defined in Table 1 and Figure 1. The layout of each network was generated using Fruchterman
Reigngold. The size of node corresponds to the weighted outdegree of the node and the color of the node represents the population
size of the node as described in the legend.

Source: Written by the author based on reported confirmed cases that local governments (Seoul; Incheon; Gwangju; Daejeon; Ulsan;

Sejong; Gyeonggi; Jeonbuk; Jeonnam; Gyeongnam) published online.
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Table 4 _Distribution of Average Centrality Scores by Urban Hierarchy in Three Waves

Wave Category Ave. of Cy o Ave. of Cy Ave. of Cye Ave. of Cy, Ave. of PR,
100,000 or less 0.224 0.388 0.000 0.000 0.005
) 100,000 — 300,000 1.174 1.674 0.116 1.522 0.005

1% Wave

300,000 — 1,000,000 8.310 7.707 0.208 6.776 0.006
1,000,000 or more 3.250 4.250 0.250 2.000 0.008
100,000 or less 1.163 1.837 0.047 1.942 0.002
2 Wave 100,000 — 300,000 16.435 12.913 0.148 33.955 0.004
300,000 — 1,000,000 61.603 61.259 0.329 99.193 0.006
1,000,000 or more 87.000 124.250 0.341 401.418 0.011
100,000 or less 37.633 29.551 0.156 88.747 0.002
3 Wave 100,000 — 300,000 97.630 79.109 0.268 55.041 0.004
300,000 — 1,000,000 233914 252.552 0.299 351.371 0.006
1,000,000 or more 509.250 551.000 0.306 1429.998 0.015

Source: Written by the author based on reported confirmed cases that local governments (Seoul; Incheon; Gwangju; Daejeon; Ulsan;
Sejong; Gyeonggi; Jeonbuk; Jeonnam; Gyeongnam) published online.

Figure 4 _Comparisons of Average Centralities by Urban Hierarchy
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Source: Written by the author based on reported confirmed cases that local governments (Seoul; Incheon; Gwangju; Daejeon; Ulsan;
Sejong; Gyeonggi; Jeonbuk; Jeonnam; Gyeongnam) published online.
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Table 5_ Top Five Districts(Si-Gun-Gu) Centrality Scores
Wave C. s Coz Celoe Co PR,
©" Guro-gu 190 | (G) Seongnam-si | 84 |(S) Dongdaemun-gu|1.000| (G) Uijeongbu-si 115.5 (G) Goyang-si | 0.016
(G) Seongnam-si | 108 | (G) Bucheon-si | 36 | (G) Pyeongtack-si |1.000| (G) Seongnam-si 104 (S) Seongbuk-gu | 0.013
\le:ze (G) Uijeongbu-si 53 S Guro-gu 30 | () Seongdong-gu |1.000| (S) Gangnam-gu 71.5 () Namdong-gu | 0.011
(G) Gunpo-si 31 | (G) Ujjeongbu-si | 30 (S) Jongno-gu 1.000 (G) Gunpo-si 62 (G) Hwaseong-si | 0.010
(S Dongdaemun-gu | 28 (G) Gunpo-si | 29 (G) Suwon-si 1.000| () Seodaemun-gu 29 (S) Nowon-gu | 0.009
(S Scongbuk-gu | 1,098 (S) Seongbuk-gu | 209 | (GJ) Buk-gu | 1000| (G Yongin-si 997.665 | (G) Yonginsi | 0.018
- (S Gangnam-gu | 373 | (S Nowon-gu | 193 (G) Icheon-si 1.000| (S) Seongbuk-gu 870.027 | (G) Seongnamssi | 0.017
Wavel© Jongnogu | 351 | (G Yonginsi | 10| (GN) Geojesi | 1000| (S Jongno-gu 851.826 | (G) Goyangsi | 0.013
(S) Gwanak-gu 320 | (G) Goyang-si | 189 () Jongno-gu  [0.796 | (S) Yeongdeungpo-gu | 500.852 | (G) Siheung-si | 0.012
(G Yonginsi | 233 | (9 Gwanak-gu | 173 | (5) Seongbuk-gu |0.726|  (G) Goyangsi | 478257 | (G) Gimposi | 0.011
(S Gangnam-gu | 816 | (G) Bucheonssi | 796 (U) Nam-gu 1.000| (GJ) Gwangsan-gu | 4,087.539 | (G) Yongin-si | 0.021
y (G) Yongin-si 731 | (G) Yongin-si | 722 | (CB) Jincheon-gun | 1.000 (GJ) Dong-gu 3,968.631 | (G) Bucheon-si | 0.020
\;ave (S Gangseo-gu | 710 | (G) Seongnam-si | 652 U) Jung-gu 1.000| (S Gangnam-gu | 3,830.876 | (G) Goyang-si | 0.020
(G) Seongnam-si | 655 (G) Suwon-si | 628 (DJ) Dong-gu 1.000 (G) Yongin-si 3,533.674 |(G) Pyeongtaek-si| 0.018
(GN) Jinju-si 629 | (GN) Jinju-si | 623 | (JB) Jeongeup-si | 1.000 (GN) Jinju-si 1,365.201 | (G) Ansan-si | 0.018

Note: * S-Seoul, I-Incheon, DJ-Daejeon, U-Ulsan, GJ-Gwangju, G-Gyeonggi, CB-Chungbuk, JB-Jeonbuk, GN-Gyeongnam
Source: Written by the author based on reported confirmed cases that local governments (Seoul; Incheon; Gwangju; Daejeon; Ulsan;
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Sejong; Gyeonggi; Jeonbuk; Jeonnam; Gyeongnam) published online.



Figure 5_COVID—19 Transmission Network in GeolLayout in Three Waves of COVID—19
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Note: The size of node corresponds to the weighted outdegree of the node and the color of the node represents the population size of
the node as described in the legend.
Source: Written by the author based on reported confirmed cases that local governments (Seoul; Incheon; Gwangju; Daejeon; Ulsan;
Sejong; Gyeonggi; Jeonbuk; Jeonnam; Gyeongnam) published online.
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