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Analysis of Spatio-Temporal Characteristics of Small Business Sales by the Spread

of COVID-191in Seoul, Korea
: Using Space-Time Cube Model
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Abstract

By making use of credit card transaction data from Seoul, Korea, this study examines the relationship between the
change in commercial sales of businesses and the spread of COVID-19. Recently, people’s consumption is shrinking with
the spread of COVID-19, with the pandemic having a significant impact on the local economy. Accordingly, studies are
being conducted to analyze the relationship between COVID-19 and local economic activity. The purpose of this study is
to analyze the spatiotemporal characteristics in commercial sales at each stage of the COVID-19 pandemic by using big
data of credit card transactions (2019.01-2020.05) and the space-time cube analysis model. The space-time cube model
is widely used when researchers expect to discover a pattern of given features over time. As a result of the analysis, it was
found that, during the spread of COVID-19, the living population decreased in Central Business Districts (CBD) and areas
near the universities, resulting in a significant decline in commercial sales. However, small business of retail in residential
areas shows an increase in commercial sales, assuming that people are consuming near their residences when buying
retail goods. After the high wave of new cases of COVID-19, it was found that the small business areas with commercial
sales losses continuously recovered with a decline in new COVID-19 cases and the provision of the government's disaster
relief funds. However, some local areas show stagnation, even after receiving government subsidies. The results of this
study are expected to be useful in developing local economic policies in the face of pandemic situations, suggesting that
local characteristics have to be taken into account when supporting small businesses and local economies.

ZHof COVID-19, 7t=0HE HIO[E, ANEQI, AIZZHEM, AIZZH 7E 24
Keywords ~ COVID-19, Card Sales Data, Small Business, Spatio-Temporal Analysis, Space Time Cube Analysis

I.M2 3 G AL QU -2lvete] ZB-oll= 2020 19 A &3
A A AR COVID-199] BHAHS: AuIEHE 9132 Ut
COVID-19%= HIA|H o= whzA) 2hiksto] A Aol Adzh 3L ok 9314 21(2020) A0l =1 20201 4% ©]F 2H4to]
* 0| =22 20204 SHEO|0|EARIZISY HO[EHIRAY KIZAICR 235Ion, 2020 128 5t2X(%4ats| £7(Sa3|0|A LES =22
£ eS8,
* Master's Student, Hanyang University (First Author: jungwonha@hanyang.ac.kr)

* Master's Student, Hanyang University (sunjaekim@hanyang.ac.kr)
week - Professor, Hanyang University (Corresponding Author: sugielee@hanyang.ackr)

218 "2EAE, H562 M2& (2021)


https://crossmark.crossref.org/dialog/?doi=10.17208/jkpa.2021.04.56.2.218&domain=http://kpaj.or.kr/&uri_scheme=http:&cm_version=v1.5

COVID-19 &ttt MEA| 243 iE2| AISZH st S8 24

P Th= 71 stofl 4E AR Ul s i oF 4% 43
o} fofl Zoh= 2o vebytth, ey @A 2021 297t
A& ghik} QFS WHESLAL Qs RS st sl v
Ao oikE,

COVID-199] #Hiho 2 QI 44391 A2 vi& 4ot A
BeARs shelolM= e ck(Bartik et al., 2020: Fair-
lie, 2020). -2ju2te] 79 TG et A A= T3] 243}
oF 2|9 73A] BAsHE $lsto] A4S ASlA AAA Lt A 7}
ol izt gAY A & vheket A1 RS A3Eka
o}, Z2Eu COVID-192 {13t A AL 441 9] dFol o
g} & 20| F Hol7] whizoll, Aol whE Adh= oA vepd
Ao o EchBarrot et al., 2020). =H<] 73-$- COVID-19
WA o] AT AAA e A 24 W f-2UFlA 1
37} & A& VebgtHZIE S 2, 2020). E3E AL vl
Eo & 9IS vIA= AERITE 30 £3271 20199 o
Fdg Bolal gl7] Whizel gFol YRRt A Hof| whzta] ZAA
EtZ Aw7} Aoleh Z o0& oie] & 4 AThAIAE, 2020). ©]
2j3h A e v ERist dle R 4HjREe] B A
ARG, ARS|A A9 22 AR AR A Ao A9
714 8ol 2 FFE v A2® Yepdar Qloke] 4l -
492, 2020; Cao et al., 2020; Tuzovic and Kabadayi,
2020).

upebA] ARJAIA ] 739- COVID-192 Q13+ A el4 H=
7F AR, 2R b2 Yehd 7Hs/do] Arkal dl4kd
c}, ol2jgt v slof|, & Ao AL AAkE UFS FHOE
COVID-19 FaFo& I3t Y wafe} Sl ueeiA]S Ak
L, o|F A2 7 TR Uiro] 4t Al7] o ulet st s
= EQIskarat gk, volrt A9 121 9 HA 52 At
§ 37HA o gjlekal oz ol A AR glojA AARE
A\ A EFaLA} gk,

I, M A nF

£ A= COVID-192 Q15 A A 3 A7)
Akl A Al 7HA] Zoke] A¥ A+4-E 3T AA,
COVID-197} 248 o]F s A9 AL vlj& wisjet
o] FEE vl A A WIE OE A4S AWEY
k. EA, Al 9171 olF- A1 e] BAA s REE AwET] 15t
of 3jEeeA 7laS B8 79t 2008\ wIsE 589171 ©]
T A% SRS HAT A4S AmEgIT AR, 4
Aol wiEHsts AlgHE o R B4 S8 &8t At
FH 2% (Space-time Cube Model) B A5 AHHT}
npRjto R APAe] AP AASEL & Ao APEYS
AAEHA.

1. COVID-19= 2Igt X|HALE| HE 24

20199 128 S $SHAJOlA A& HAE COVID-19+= &
AlAIR ks, f-eviete] 7920209 19 A 2RI
Agstoact. oo UETe] 79 COVID-192 Igh F3-& 4
HE7) 91 Z|o 8 AAAVe) miEat §-520-] Wsle] AF
ahglet, WA COVID-19¢F A uj& ¥ighs AHE dte
0|45 - A $H20200-2 20194 1095E 2020 587H2] 9] =¥
Al R AT T BC7EE 7HE3 9 ZA] dlojelE &85t A
Zholl whe wf&2] Wighs AR 0Tt A= 201949 10-1199]
APFANNE 7|Eg ez A, 4FUE 9E+ miE At
FAE BT A AR, o {5209 HiFe] #AY
20 Anjab 9 S S v]Fo] =9 AHolA FA4% =
AAE o, i Af7h agt Gt el vg42Ql
b I B e B e i p ol S T o L

AERITet sto] 318U FFA (202002 AZAlOlA AlF
dh= BAF G919 iel=el AR HlolEE &85t 2019
W 11959 20209 697kA] A, AIZHE BRI WSS
Al pokct, 1 Azt o=l WA A %efA W=l AT 7
A7F vebd Zlolgt At} de) el 2t SARE AR A
sigdo] vepgtt, E3h AVAR =919 4 o=l Uy F
7 A GofA AERIF7L Soldt 54 1Bt 248202009
HIAoA= KTOA Algdhz A2A] AEIT Holes &8
slo] M2A] YAF G 20199E FY 8 oijy] 2 9T
H, AFE WIskE EAsIeIT 1 23 20209 29 79 713
O A QI AFS) A% 2] A1 ZAaAZE A RE] o] At &
A2} 4= gl whet A&A 24 2 Bl 2AS sk
o}, WA A Q1 A A GoflA= AERITE7E 20199 5 71ZE
i8] S71ste] 45 4 ATt diu] s Aoz Yepy

2. X|9 ZHIe| sI=EEd 24

3|5 (Resilience)ol2h= 7N E]3tollA] AH8H 7
dog, ZAAstA = 241 wlae] =848 dFst7] 9137
wo g AMEtHHolling, 1973; Rose, 2004). ©lofl A1 9]
710 W2 2|9 A9 S EHEAGS O dAs0] deH, 53]
2008\ vl=  F8-9171, 19979 Feoh i 2J2e7] Fol AMS-
E|%tHDavies, 2011; Tan et al., 2017). 3l5%Heda Hd
A ATE Martin(2012)2 A £8 o]F g=9] Ao
I ERESE BAsRglen, AA|Y &, Al oEA | et
Al 3l52o] o]zt U ERIFT) Han and Goetz
(2015)= -8 A|£E E-83to] v]52] F(State)'d BT
ZAskqch, 1 A 5 U Rt E5 R A8|A ikt AR 7E
Y 283 Ad FU-E SEGYA o] & A0 Ve,
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2 AolA] E8e Al FH BEL IR A 3
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20205 1958 SUTHA] AA] FAIE ] vl st s %
AT A BgFez BAstA sIAcH(IE 1 =), R Studio
& 2831 43 viE S EAsH e, A4 W=el
Bt} &g AAsto] AlS3HA vl SE AR1E st
A} BRI o1 F ArcGIS Pro®] AlE7t FH 2t SEATE &
A 2dE E-g3l0] COVID-19 B4t T 9] Aol uhg 243
Ql ufEo] Al WBkE 7]EEA (Descriptive Analysis)& &
3l A8k
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Figure 1. Study area
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F(8% 129)5-H 387 (98 2Y)7HAE 23} A, 397 3
(9% 23%9)37E 457 (1% 109)7H415 27} eH4 7], 467 F
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COVID-19] gt S5 -3 S Ay, 5%
AR7E A A ARR A 2X)= 20209 29 23 A FA1Y
%8, Feh, 158t HEt A7|9ct. o|FRE %LH
BHito] 2)4E2F A= 39 2URE IPE ARSA AT

AL B A AAe] 7FeAol w2 F, AL, 54
of thate] £ FE& A, o|F AlF AR 7% <k
Aot} A= AR A A 85 A7) $1ete] ARR7]
220201 49 209 $3kE ALEA Ar]F7]0f o]o] 5Y 6%
R & 785712 208 g3teiglt), 20209 5Y 4% B
71z gt A 93E 43ler] fl3) S4HeR 7Y
ol wpet @G AFL sl en], 59 1Y A=e] 7S oA
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FR2% 23} BHibo] w2 A F AA7L AlLE R AT o
Ao g A= AAA ] didf 20201 99 25% 23} ZIFAEA]
Y& AFE ARBIATHE A 7] 45, 2020). 31}92} ko
T AAFFA i AdAPFL 24 HEERFolEhe
Ao uiro] 20219 19 1Y A|Fo] AZEATHF M
7145, 2021), E=3F, TN, S8 59 gl
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Figure 2. New cases and pandemic stages in Korea
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B Aol F7HA Wl A2AlE 20199 7]FE0 & 42470
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o] BAS A5Iqiet 201992 20209 59] 195H 5974
vl E fJste] ASgho] =S AFE, COVID-19 HAERE
A Bl ez g dEdiEdS B85l
™, Akl QoA AA] A K5 Yepl7] fiste] E7HR14
£ 128HA] it

A= A & M-S Ashs 83 W F sk
o]7] el BAE T AHRI HEHE I AR} A
Zo1= Arimura et al.(2020)8] 7= Faste] AF 4
A9 2] 2019 oiy] ¥iskE 71 2 bl 5= 9= 14418 71E

o2 A E3E, 45 240 A dFe]

BC7IES] QFEFE AT, 24 e 24 Lt ¢
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R vl Heke RIS 7IRke R A s ot
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AR|&} = EF F3hs WAR HoJate] BA4E st i
£9| vizhgo| A&7k Hol= FYAT= 022 A3, Al
7 FE YL 2ot 242 942] ARE FHof vrehfiaL Al
2 F71ek0] 34 FEE vehd 4= Qs BFoloh, Alg3t i
B mgolA 71 T9E 9ush= WI(Bin) AMEAF 2] 4E
£/49] QoFEAR A 7HA At AlERt B RYE 28
g StAG B oA QokEAFET ¥t 7HEAE 28dto
Getis=Ord G;#k2 AFESHo] Ajztol whE 3xHY WishE 244
oAt siE o FH

AT EAE 3 A #2 Getis—Ord G += 4] )2 Zon,
A71A = HAE, wis i, jAATE BVEA, n& AT
E ougith, A 9918 2 AR wet = g &R
Getis-Ord G;& AXKeI o, 2] Zatof] w2 Getis-Ord
G;gke] ¥i3t o2 GGE 2) 9} o] 87l el o] A Al gk
FHHot Spot)i} T4 ¥ FEAFHCold Spot) 22 LA
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B1.YBEER
Yz e
Business category

ANBOIASE
Small business in foods

Table 1. Classification of businesses

BC 7= HF &
BC card business category
oA, B4 U4, YA F
Korea, Chinese, Japanese etc.

A
o

Accommodation

E s - = = [ —
EZsd 1234 32§

Hotel, condo etc.

ANZOl a8t
Small business in

o7 e 5

accommodation Motel etc.
us STAL DAHA B S
Transportation Airline, highway, rail etc.

AN 0E

Small business in

EHA|, RIEFLS
Taxi, rent etc.

transportation
232X TR, Bofth 252 S

Culture & leisure

Casino, theater, aquarium etc.

ANZ0 23|
Small business in culture &
leisure

et JEr MY &
Karaoke etc.

AYENATR
Small business in sports

=2y soHE
Bowling club, swimming pool
etc.

LS A0
Small business in retail

HOJH, #+HORL S
Convenience store, market etc.

41

Shopping

SN, YEIEHE 5
Duty free, department store etc.

ANE0 AY
Small business in shopping

7|GEE AMAE] S
Souvenir, jewelry etc.

A4B01 95
Small business in clothes

USE ARROR &
Boutique, sports wear etc.

ANE0RE
Small business in
entertainment

FH REFHE
Bar etc.

AN WS &, QZ0(EA &
Small business in education  Academy etc.

HH S YW 1Yt S
Medical service Hospital etc.

ANSOIHY
Small business in medical
service

WS 01 2%) 5

Clinic etc.

ANZRI0I8
Small business in beauty

08 HE &
Salon, cosmetic etc.

ANZOI 7|E
Other small businesses

ClEf2Io, ZE 717 &
Interior, light equipment etc.

@
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B2 ASFE 20 AT RY

el o8 a3

Pattern name

AIZHE & 71 ORR[2} AJZH A2 AT 2

Description

Table 2. Spot types of the space-time cube model

AlZb= o ey
Visual pattern

Hot spot Cold spot

Al e S = .

NLe)“’:f Statistically significant for final time step interval and has never been - [ - ‘
a statistically significant before ]

oas E|2 X|&RQ01 AT b

Ec;ngecutiv o A single uninterrupted run of statistically significant bins in the final - -
time-step and has never been a statistically significant before

213184 90% O1A10| ARZHS0IM Ze7t B7fsHs ALt - —

Iiter?sifyin Statistically significant for 90% of the time-step, including final step § t

9 and in each time step is increasing significantly —

X8 90% 0142 AZIS0IN SZ0f 5t gl= AT LY .

Pe_r‘si stent Statistically significant for 90% of the time-step, including final step
with no trend

SIAS 90% 012 AlZER0IM 2=t ZAshz AQHERY

S Statistically significant for 90% of the time-step, including final ste

Diminishin y 19 P 9 P

9 and in each time step is decreasing significantly
A HEERI AR EY . .
Sporadic Statistically significant for 90% of the time-step and on-again then
P off-again pattern detected
BIE[E 7V ZIZ AR A ATHEMGIX|2E DEA YT ATHES
6 S ci(ﬁ atin Statistically significant for final time step interval and has a history of -
9 significant opposite pattern

7] LA 7V Ei MREEA AT MR QX2 2 AT

Hist oEri o a°| Pattern is not detected in recent time period but least 90% of the
time-step was statistically significant

IiE QIS OF=3 IE0| LIEILEX] = X<

No pattern detected ~ Does not fall into any of the hot or cold spot

Source: ESRI (pro.arcgis.com)

F7HR & Ao AE EHE AR A5 A vlE Wskg
7§ 3B A5k YAT Bt A& AASH, WA
CBD A H 9] 7-9- A1 2A] 2030 A1 EAA 8-S Fharsto] hF
=4, 7, FFE- Y =4 FAE SEAHASEE
Al, 2018). W3t7F A1 o] A= 2] (2014)0f wheh AJAIY A
AF W=7t 52 2870 diske] ZA A ¥HF 400mE A3k
ok FA A G AEA A A FAXNGE diFeR 519
ot ZF Aol ZEE A= Fa0] ZAA W $Ask=
A2 ARt

BJBEIAL Han and Goetz(2015)2] A#Z 283190t}
3lEEtel o] Hel A8 vlo[E Q] 7|7to] Z7| o] 022
7Hg8t o, Sk dAof w2 3 EeRAS AAlstaa} Azt
o] 9IS S GAIR AAEte] A v JEREAYS
ohe A ()t 2ol AXksRTt. yi= 20201 2 2HAF A ol
T ujEHoln, s=0.00010]cF,

~

B ARE=0, Y ans =Van 27

Yiz 82217 Vi g2
Drop=

~

Yz ga)

Vit~ Via
Rebound: 12} QH4 7] 12} #H4k7)
Yz )

ratio = ln( Rebound — min(Rebound) + s)

Drop—min(Drop)+s
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Table 3. Percent change in average daily sales per store and resilience in CBD (2019 vs. 2020)

A /8 &L E7)(%) 1X1 8447](%) 12} 2F871(%) S|=e=Y
Business class Early stage (%) 1st spread stage (%) 1st stable stage (%) Resilience
F3&h2f|X Culture & leisure -62.68 -92.57 -96.13 -1.12
WS Transport -16.38 -77.84 -94.42 -4.74
=9 Accommodation -71.25 -54.66 -29.54 -0.23
A4E9) %4 Small business in accomm. -1.75 -44.49 -30.35 -0.06
A4E0! 9|7 Small business in clothes -17.70 -44.29 -15.23 0.10
44 Shopping -13.43 -39.32 -19.98 -0.34
24591 7|Ef Other small businesses -26.08 -38.10 -17.49 -0.23
AMEQ AZZ Small business in foods -5.85 -31.55 -18.69 -0.13
AdEQ1 25k X Small business in culture & leisure -8.45 -29.36 -1.07 0.08
AMEQ! A4 Small business in shopping 115 -25.39 0.49 -0.34
9|= Medical service -10.74 -23.64 -13.37 0.06
A4E210/& Small business in beauty -2.38 -16.34 -13.74 -0.13
24501 2|2 Small business in medical service -3.31 -14.80 -2.65 -0.26
2482 A0f Small business in retail 1.37 -12.57 -13.94 -0.40
24521 115 Small business in education 11.84 217 34.89 0.07
AMBQIAZX Small business in sports 71.95 0.89 -1.85 0.18
AAZOI I Small business in transport 3976 7.24 28.50 -0.06
AMZQI F& Small business in entertainment 56.19 25.08 16.90 -0.62
H 4.2019 | 20201 CHSI7} X1 OHAY YEH OfE Biste S Sl=SE
Table 4. Percent change in average daily sales per store and resilience in the university area (2019 vs. 2020)
MY 78 B2 E71(%) 1X+ 84471 (%) 12+ 2FE7(%) S|REE=Y
Business class Early stage (%) 1st spread stage (%) 1st stable stage (%) Resilience
u's Transport -47.07 -94.02 -99.44 -6.03
ANl 24 Small business in accomm. 2427 -42.31 -39.94 0.14
AMEQI AR Small business in sports -1.11 -42.26 -16.27 0.15
24501 IE Small business in transport -20.06 -38.85 7.45 0.57
24521 2IF Small business in clothes -6.14 -36.53 -15.77 0.63
AAZOI A2 2 Small business in foods -7.45 -35.98 -27.67 -0.12
4 Shopping -12.47 -34.54 -7.80 -0.01
=59} Accommodation 10.41 -31.54 -44.79 0.18
ANE?!0/& Small business in beauty -7.15 -29.99 -16.83 0.02
ANE0! 231X Small business in culture & leisure 1.02 -26.21 -20.18 0.01
AHEQ! I Small business in education -6.23 -20.97 9.76 0.15
9| Medical service -7.67 -20.90 -6.03 -0.40
24591 AT Small business in shopping 7.15 -20.74 -6.35 0.27
28501 7|Ef Other small businesses -20.83 -16.73 21.14 -0.17
248901 ©|2 Small business in medical service 1.91 -13.83 -5.90 -0.24
AdZ! A0 Small business in retail 7.00 -4.18 -9.89 -0.36
ANEC! 2 Small business in entertainment 67.09 20.07 12.80 -0.39
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H 5.2019\ tiH] 2020F A X|¥ 0fET YEH 0iE vists & 3|E5E=Y
Table 5. Percent change in average daily sales per store and resilience in the residential areas (2019 vs. 2020)

A 78 B E7|(%) 1XHE171(%) 1X} 2H871(%) 3|5erEy
Business class Early stage (%) 1st spread stage (%) 1st stable stage (%) Resilience
28h2i|X Culture & leisure 71.37 -94.13 -96.39 -1.07
'S Transport -22.65 -78.96 -74.60 -2.78
9|z Medical service -47.77 -56.05 -45.14 -0.39
24 Accommodation 1.84 -45.37 -46.27 -0.59
ANEQIALLX Small business in sports 6.25 -37.54 -5.86 0.31
44801 24 Small business in accomm. 5.22 -32.25 -32.63 -0.07
24521 915 Small business in clothes -9.56 -30.51 -8.59 0.53
A% Shopping -2.83 -30.16 -13.09 -0.15
AAZOI 0| Small business in beauty -4.44 23.79 -7.64 0.01
A4E21 28+3|A Small business in culture & leisure -0.64 -23.47 -1.68 0.09
24801 w2 Small business in education 324 -22.46 5.04 0.19
ANELIAZ R Small business in foods -5.07 -22.34 -9.99 -0.10
24301 28 Small business in shopping -4.55 -22.32 3.66 0.32
24321 7|E} Other small businesses -7.04 -19.19 2.62 -0.15
24801 92 Small business in medical service -0.58 -13.41 2.7 -0.25
ANECI WE Small business in transport 6.25 -10.45 2.79 -0.15
2432 25 Small business in entertainment 31.10 6.97 9.83 -0.26
A4E2! A Small business in retail 3.88 12.34 9.96 -0.39
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