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Abstract

As COVID-19 dominates our lives, there has been a wide spectrum of research to predict infectious disease
spread. However, it has not been relatively paid attention to study dynamics of disease spread with long-term human
mobility, particularly for domestic cases. In this regard, this study aims to analyze long-term human mobility in Seoul
to understand underlying dynamics of COVID-19 propagation and obtain insights. As a result, the correlation between
the numbers of residents and confirmed cases increases as the epidemic stage progresses, showing that confirmed
cases gradually follow a uniform distribution across regions, regardless of regional features. Additionally, regular
movement plays a crucial role in the propagation of COVID-19 in Seoul. We expect that this study can shed light
on understanding emergent phenomena across a heterogeneous social system from spatiotemporal data.
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Fig. 1. Daily COVID-19 confirmed cases in Seoul
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Journal of KIIT. Vol. 21, No. 4, pp. 1563-160, Apr. 30, 2023, pISSN 1598-8619, eISSN 2093-7571 157

1.0

Dobong-gu - Dobong-gu -
Dongdaemun-gu - Dongdaemun-gu -
Dongjak-gu - Dongjak-gu -
Eunpyeong-gu - [ | Eugpyezngrgu -
Gangbuk-gu - angbuk-gu -
G a g 0.8 Gangdong-gu - 08
angdong-gu - 2angdong.g || | - I
Gangnam-gu - angnam-gu - [ | |
Gangseo-gu - Gangseo-gu - | |
- Geumcheon-gu - - Geumcheon-gu -
= G = Guro-gu -
= uro-gu - = el o6
] Gwanak-gu - 0.6 k] Gwanak-gu -
S Gwangjin-gu - ° Gwangjin-gu - |l |
L Jongno-gu - o Jongno-gu -
2 Jung-gu - 2 Jung-gu- |
< Jungnang-gu - | =4 Jungnang-gu - L o4
S Mapo-gu - | | 0.4 8 Mapo-gu -
o Nowon-gu - .. SNowgn-gu ] -
Seocho-gu - eocho-gu -
Seodaemun-gu - Seodaemun-gu -
Seongbuk-gu - Seongbuk-gu -
s 02 seongdong-gu - - 0.2
eongdong-gu - - gdong-g
Songpa-gu - Songpa-gu -
Yangcheon-gu - Yangcheon-gu -
Yeongdeungpo-gu - ] Yeongdeungpo-gu -
Yongsan-gu - Yongsan-gu - L 00
>
@
=3
c
S
2
S
a
Arrival district Arrival district

a8 3. M2Al 257 A X7 ol STHE (a) RHRIFH L R0l S(Intra-mobility), (b) Xkx[7+ ZF O] S(Inter-mobility)
Fig. 3. Human mobility patterns across 25 districts in Seoul (a) Intra-mobility for each district in Seoul, (b) Inter-mobility
between each pair of districts in Seoul

15t Wave 2" Wave 3rd Wave

S€0

nco}\

Gurg 1 Dow&uk
\J >

q o
g N}\ >
ongsa.n \\z
Ya neo)tfm ongdeungpo _/
Ga ,_ o

b / Dongjal ‘<
N\~

>
a*) S uuedne ang
W gl}‘\
opgsa.u \\/
Yai neu/u\ cun@ﬁ
b-o ‘\ Cas o
A/

G | &}@a*

’}g ‘%mnin =

O 4. COVID-19 & CHAHAM A 2570 8 XX 2 72|A 4& ol HEHZ
Fig. 4. Regular inter-mobility network across 25 districts in Seoul for each epidemic stage

o0F Sl3 A oF dolHe oF #¥ Fol S 1Y 1% 2ol FAA 37 Folst thEA u
A, 738 5l A fAemeR A HhHE A COVIDI9 4o Mg 147 A%

SET AR, WHFZE AFAoRE FAA)ES  olgaEel Selshe Rl ohel, AR, ¥
2zao] 2 3 DAY o VENZE 19 4 du2 aAe 2 A% AAe) dsle oEd A
% ol 7 A, RS g AREARE 29 S 9

7} o)% VEAZNH RENod)dl 71 9% BAHOE GFS S & 9T AT

X}ZFH AFA ol B8k, olA|(Edge)S] F71

= oo HlEITh 18 47} BodFE wie ¢ 44 O|STjE 1} COVID-19 EAte| ofshaiy|

o, A=A AAF 1t F2H AL o)F Lﬂ Efas

2E 49 WA FoEd Aol7h glo] S SlolA AdE Al

o] FES AT 4 9t} o= I} Age]  FHEo] COVID-19 Fitel H]x

BHANE ZEHIH 22 23 A ol FuE Ast7] fal], $9 43800 A

= Wt 988 grlen g sl 7 By AR
4l A 07 oL SARE B IS B8 A ()% 2ol ERST



158 AW 3 AR <17t o]Fu e COVID-19 A &4be] oot

A
&

Hr

Wi 2 dAFdME 5 AFg7E AA AL
(e 90% old& HAshe NN FHLRNT, A2
3dzke] A o] F RS COVID-19 AR 2t

; & %

A WA A= B8 AT iR FU(Arrivals) =] AAE LA 5."5] =52 2 2
g7 8, ¢ BA AAT jo AA FxiA A A o)F wdo] AAY Fatel WA= FEFY
W, X}X]:rL oA AAT 2] o] FEFE, Bﬂﬁ X}X]:r" & %?J g2k 5 7
W= L,W., T‘E 337“ AATF jellM EHE A
Y A AAe oz oF 104 71 A
4 " Bl A9 AU E IS B35t
o, 24 WEHD 4 PHES A8sta 4
o] FAE(Centralityy s 431024 A9 U

= *4(1)01] AOH S29 ALA 257 94
A7 %?J 27 5 izt A4 FA g2
A & 7ZF COVID-19 Z44H 3 GAEE vl
& aeolth B4 Ay FAH A o|Fv)Eo) —14

mA;ROHrlool:oruloJ
ofr

Ay
S
o)

=1

ol AVSFA E/\-LCL u]/\]ﬂ oz _E,_@'sL]. ﬂ‘—rL

-’] ‘f] o 1
Fangka o] Ho] EAFt

Zlaket A AATE FY FRA Fo T)Ugke E %
AA COVID-19 gx1A} o} 25 F3 TAd 4
AA A ABABACEEAST 07017 YERGE V. ZE 3 &= ufF|
I 4 it

ol QUZHe o]FuHo] AFW ko] FQa%H B =RQAeE ALAE FASE Q7Y oF
FES HA Y-S ouF it ohz), oju<] HEE g F-AM BFsta, ©]& COVID-19
olsHHe &3 olFHu= EEHIY 22 Tf gitgle] HEHA BAS B 323 AARES
A A o]Fol g FIFE et AE Al EEsth WA AE9d F3 gAVE o3 AL
AR F, Qb o5 FHA dEle] Ay S B AFRSE AW 434 S5} 2 ol
o= mdd THF ool 3= FR3% QQlojd, Hol 7]dlsle] #5814 EXHY, X9 540
o ZHINE F7o] ofEe BT BFHH  AYW W vAE Yol wlAE WML
o]FIH O R EHE UE T IS vsith SkelstA T

1st Wave 2nd Wave 3rd Wave

@ p:0.7328 p:0.7252 , 90k p:0.7448

© 16k

8 16 . 200k . 80k
"f 14k . | . 70k
Sz [T 150k \ 60k

2 1ok v, A 50k

q) L] LT
S ek ... 100k °, 40k
o % © . 30k

g 6k ‘

5 . 50k — 20k
O 4k

10k 15k 20k 100k 150k 200k 250k 40k 60k 80k 100k

Expected number of incoming cases
O3 5 78 oA w2 MEA XX 7Y 7o SHRXF 7|k AN =5 SRA e 22
Fig. 5. Distributions of expected number of incoming cases and real cumulative cases across 25 districts in Seoul for each
epidemic stage



Journal of KIIT. Vol. 21, No. 4, pp. 1563-160, Apr. 30, 2023, pISSN 1598-8619, eISSN 2093-7571 159

=3 FAWAZL AWl el FHH o5
sfels 2 Wah UehtA gkout, e 9
_[Q'_

Aol 4% o5 Aeo| F
o F28 aclo] B 4

2 <
T50] ol =R ol T S HE
2

ol FF AFHFozA AEH Fikd B3
AAEE ke A olF HEdE HEH S
3 2dd A&t ok =3 242 73 4
A tEd AAgeE EEF 4o A3 3=
TSt qRAE AFHLE £43taL o] 4

zdo g Aoty T Hobrt M9 o

References

[1] D. Cucinotta and M. Vanelli "WHO Declares
COVID-19 a Pandemic", Acta bio-medica: Atenei
Parmensis, Vol. 91, No. 1, pp. 157-160, Mar.
2020. https://doi.org/10.23750/abm.v91i1.9397.

[2] https://www.seoul.go.kr/coronaV/coronaStatus.do.
[accessed: Dec. 15, 2022]

[3] M. Cascella, M. Rajnik, A. Aleem, S. C.
Dulebohn, and R. D. Napoli, "Features, evaluation,
and treatment of coronavirus (COVID-19)",
StatPearls Publishing, Jan. 2023.

[4] M. Kim, D. Paini, and R. Jurdak, "Real-world

based on point process
approaches: A review", Artificial Intelligence
Review, Vol. 53, No. 1, pp. 321-350, Sep. 2020.
https://doi.org/10.1007/s10462-018-9656-9.

[5] M. Kim, D. Paini, R. Jurdak, and R. Jurdak,

"Modeling stochastic processes in disease spread

diffusion  dynamics

across a heterogeneous social system", Proc. of
the National Academy of Sciences, Vol. 116, No.

2, pp. 401-406, Dec. 2018. https://doi.org/10.
1073/pnas.180142911.

[6] J. Lee, M. Park, and S. lee, "Spatiotemporal
Evolution and the Diffusion Pattern of COVID-19
in South Korea in Three Waves", Korea Spatial
Planning Review, Vol. 110, pp. 43-62, Sep. 2021.
https://dx.doi.org/10.15793/kspr.2021.110..003.

[7] S. Hasan, C. M. Schneider, S. V. Ukkusuri, and
M. C. Gonzalez, "Spatiotemporal Patterns of
Urban Human Mobility", Journal of Statistical
Physics, Vol. 151, pp. 304-318, Dec. 2012.
https://doi.org/10.1007/s10955-012-0645-0.

[8] L. Pappalardo, F. Simini, S. Rinzivillo, 8.

D. Pedreschi,

"Returners and explorers dichotomy in human

Rinzivillo, and F. Giannotti,
mobility", Nature Communications, Vol. 6, pp.
1-8, Sep. 2015. https://doi.org/10.1038/ncomms
9166.

[9] Z. Yao, "Exploiting human mobility patterns for
point-of-interest recommendation", In Proc. of the
ACM International Conference on Web Search and
Data  Mining, pp. 757-758, Feb. 20I18.
https://doi.org/10.1145/3159652.3170459.

[10] M. Chinazzi, et al, "The effect of travel
restrictions on the spread of the 2019 novel
coronavirus (COVID-19) outbreak", Science, Vol.
368, No. 6489, pp. 395400, Mar. 2020.
https://doi.org/10.1126/science.aba9757.

[11] M. Kraemer, et al, "The effect of human
mobility and control measures on the COVID-19
epidemic in China", Science, Vol. 368, No. 6490,
pp. 493-497, Mar. 2020. https://doi.org/10.1126/
science.abb4218.

[12] C. Xiong, S. Hu, M. Yang, M. Yang, and L.
Zhang, "Mobile device data reveal the dynamics
in a positive relationship between human mobility
and COVID-19 infections", Proc. of the National
Academy of Sciences, Vol. 117, No. 44, pp.
27087-27089, Oct. 2020. https://doi.org/10.1073/
pnas.201083611.



160 A9 3 @AE A7 olFddst COVID-19 A &

[13] H. Oh and M. Kim, "A Study on Dynamics of
COVID-19 Spread based on Human Mobility
Patterns”, In Proc. of the KICS Winter
Conference, Feb. 2023.

[14] Migration data in Seoul, https:/data.seoul.go.kr/
dataVisual/seoul/seoulLivingMigration.do [Accessed:
Dec. 15, 2022]

[15] COVID-19 confirmed cases in Seoul, https:/data.
seoul.go.kr/dataList/OA-20470/S/1/datasetView.do
[accessed: Dec. 15, 2022]

[16] Population statistics in Seoul, https:/data.
seoul.go.kr/datalist/11067/S/2/datasetView.do
[accessed: : Dec. 20, 2022]

[17] Floating population  statistics in  Seoul,
http://datakorea.datastore.or.kr/profile/geo/01000KR
[accessed: Aug. 10, 2022]

| A{R}20)

2 & 2 (Hyunkeun Oh)

20183 2¢ : it
A7 B &8 (F AN
= e 2022 9¢ ~ EA . A3ty
= Uty A9 e

4 2l Z (Minkyoung Kim)

19983 2 : olgtoq AT ota
AAA A& Sk

2004'd 59 : University of
Southern California, Computer
Science(3-8H41 A1

20159 6€ : The Australian
National University, Engineering
and Computer Science(8HHHA}

202 99 ~ FA : it HE ol ¥ 5853t

BARE : AFAy, TeIotoly, FAH FE

A

“

9 9

s}
of

-
gl

A

Hr

A
&



	전염병 유행 단계별 인간 이동패턴과 COVID-19 전염병 확산의 역학관계 분석: 서울시를 중심으로
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 선행 연구
	Ⅲ. 데이터 수집 및 전처리
	Ⅳ. 실험방법 및 결과
	Ⅴ. 결론 및 향후 과제
	References


