% 65 B AFHEZMARERS - HEE

OO0 MECTEESEROFREADOL
ESXZbhot=m
~EFhE DEERMRIZEB L T~

[icg7:

NE2B

B 1

KR TR TZEETT VA TR (T535-8585 RBKTTIEX K= 5-16-1)

i 2

E-mail: yasuhide.nishihori@oit.ac.jp (Corresponding Author)

2HERE

FURKFE Y AT MMERFEE T (T305-8573 ZKIKIEH IEHKER 1-1-1)

E-mail: eom.sunyong.fw@u.tsukuba.ac.jp

ARFFETIL, COVID-19 OREYERIZ &V PEEERMOMBEN DN ORI E = BN ED X H B LT
OPEHONITLZEEEME L, RBE v /T —Z 2 HWTESTHSED 20 #sick1F 2 pg3EER

OWENDDOEAE 3HT LT,

Z O, KRN 7 T A2 Y I K0 WHEN D OREREIE 72 2 LA 2 B

FRTSEL, PEEERM L EAM L OMERRICER L TotTaeiTo 7.
ZORR, BETEFERBMNFET 2K (FX) 226 OWRENANEIML, EYILRE% READ

NHINT DMK CIE, BEET DX (BHEX) 22D OMEAD B LI WEREZHR L.
DOEIEHEL 3.8km TH Y, HEEHE TISHREOMEICSH D.

BB DNFE AT i £ - TV D ATBEMED T RIR Sz

X E ¢
IS OFEIEE O FEEOENE X 2D

Key Words: COVID-19, Commercial area, Human mobility, Mobile Big Data, Time-series clustering

1. [XC®IZ

COVID-19 DGRy, EWNshzRHT, it E
DIEFRFNF TR Z 5.2 5720 T, HE, B
IR S 72> TUD. COVID-19 7 ¢ L ZADRHM L LT,
BREIENENZ &, YR ENZ &, & L%
I DR R 2 & L CH AR A B D Z L7 Y
DI ENTVD . U7 F AN A THATICE
WTh, ATREHIT 5 2 & DBhERAZ R L3 S h
TEY, FI7a BofriicknCEttiirhcr v
7 By SRATENRIIR R EOXRNE S, BB IR &
Nz, ZHHOXRBIRORHIICBN T, BY) 27
ZRET D72, AR, /B, RENE, AL
ORRZEEZ D70, N2 DITENIEL LTV,

PASEMIRR MERE T D PR Y, A% DATEE X
DEBELREE ZHSTWD, L LN D, pEEERM
IIRFE S LD N % DT DR IN N L, &
Y A7 NEE DRBNNH D Z L AR DASE L IFE
T5 2 ZOi=e, FAEERMEZIT2BENE, 0
BEEE, FIFZSETEL, R SR TEEL TS,
Z1Z%, Shaeretal V%, BV RIS DA HERHLOF]

HEE T e Ry THmL, Brh~n7 72
Lod SIS HERH L OB E W L 2R Lz,
BT, S OBHFI IR A TS 2 ZBT 5 Lo
Bt ®H 5 9.

T RIS D PSRRI ~D A\ & DS/ & —
UIRED L DI S T=DNED Z ENE, S HOET
FHE], FRCZEMEEDH Y T EEZ D H A TEETHD
EEZD. I THRHIBOT AL OZSIITEINED L H
WL LoD E IR T 570 & U TR ToA9E
BEAAET DO, Fiz, BAALRENLELIND AR
By I T =2 WO BE AFET S ™. Lol
NG, FNHOEL ORI, BIREREALTOLHTT
HDH-D, FEERMIR DI 7 afBbE D L
DTE TR,

INBEEE 2, AT, BIBEREALE D i
e Nx DBV AR CE D50y 77— VT,
PSRRI ODOAGS S — N ED X DI L LTe D%
BHONITHZ 2 HME TS, 2O, v Mmook
BralE 2 C 115 588 1S3 AL EE > T
DRI AE I E %, A BT T, PEEESE
FEh & SR & ONEBHRIC B AR LIz a17 5.



AWFEOHERITIRD LBV THS. 52 FITBNT,
AWFFEDORIGME, T —5, DIIFEIION TR~
5. AWIETAT DO WHEAN AL S Z — o DHNE, 5
5 OBEFEMISE O TIT > T2 R VWS, 3 3 T2k
W, JE{EE OMLERRICE B L2217 2.
TONERIFR LIS, A R 2 ST B Ak
DD, BIRIKICBEET D057y, REEEWT D, &
BICH 4 FITB O TABIED E LD &1T .

AWFFEC VT DREERMIDY, BRIl RI2mE
(PSR AN ZE IR LEIGHOERRE L TS oD 2 & T
HY, PEEHEHIRT D PSRRI IR,
ORI CTH - T, BEEZR L T o) 213
RILD IR ENLIETH 5. ANIEO RO
RETETRRT .

- >
——

2. Ak
(1) ERT—%

ARFZEClE, PEEERHICIST DA EA D OB
REYTSH., ZOTORMITIE, WEADIZETLT
—& &, PERMROSMIIET AT =2 WD, £
ZHUTHOWTLIBE TR 5.

a) MEAOT—4

WEADT =213, BASHNIT =% (BLF, NIT
Na®) OfEEHET— 2004 ENS |31 1
ZefRER® (Opfifat) MO (BAF, MSS &%) O
F—HEHND., ATF—HE, S0mA vl LD 1R
BB DWHEANO DT —X Th 5. AWFFE T
L7 —2 T, EETXAABIOHEN O ZHYET 5 2
LINTES.

b) EEMERT—4H

PR DAY, RSB Y A =~
W& DT LVRA b PacklBFIHT D, ATF—21T, B
REOEFRRICHEHIN T DB LE 25 BAEOT—
ZITR LT, ¥fa— FROBEREERA L2 b0
Ths.

(2) A xIZRHhE

AW ORGkI Y, BDARSEOBST LR, 1A,
IV E, THE Bk, MEERE, BNE, &, ki, 4
W, RUER, KRBk, B, mE, [, R, ARTUN, 1@
i, HEA) J5 K OMREBXE D 20 Hidsk (120(X) &9°%.
b gk & U7 BRI, Stayhome 72 K DR
HFE L DT OSTNRENEB I OGN L, BX
O, T 23287 —F OFEEH-IO X5y 3 T KB4 H
METHY, L0EFEMREEOSHNTED7-DTH 5.

TR TN TIE, BREIRE S SBEROREAR R
OBEN 2 EOBRNERE S, DT OpaEERE R~

% 65 B AFHEZMARERS - HEE

DFKFHEDOSFEMRERRE, Z ORBEREE 2 Hiutsk ook
DI L > CRARDFREMN B D Z LD, Z 2 Clipa
SEFEH 2 AR THRE TRy L Tt a1 T 72, & OX Sy
%, EEFTIEREE (2FE PT) ofihiER A S
B, xGkE 5 SOATHEIZ L TOMrE TS
HRTHERI O EAE T R T

(3) PEEERHOMLY

PSRRI, BRATO LTI, RIRERE3ERY,
HU NSRS D JESNERS L CO B PSR, b— R R
DOEFEHX 72 &, ZRRTERE CIFE L2 b2 L LT
5. AWETIE, BEEWE 7O FEEZE U CRisEER
a5, £9, ARSI D RS,
Akiyama, et al "M X 2 PAEEERRRRE & [FIRRIC, T LA
> b Padk!A3RFD 2200 FEEDOERFED 5 B, 240 FEfE
DEREEFSRE Uiz, ZHUSITSTERE,, 8k, H
MhZe Eo/hgefl, BFEREE, K%, fid, AR—
. BRUE - BB ELI Y, [EHE, ANENFE, B, fETHkE
IR EOKFE—ERENEG END.

TVRA > b T =405 AreMap % W C A —F IV
FEAEHIL, 500m A v ol Ll Ay a2 NOBEED
EHE (EEEREE) 2RO I, BIREREERD
S & B UER 7 2 PN Tl — R VB 0D Zescore (P
WAERERD) AR L7-. 22T, Zscore DEH A HIAA
BITCIT> TOD BRI, HEROE S BRI OE
WZXY, FEEEEOESVRARD D THD.

BT, Z-score | ZHSUNT BIRIROD R CHIXIIIZ pE2E

AN B L TND A v oo ZpESERM & LT
HU ZORE, Zscore DIEUEEA 1.0 & L7,

PSSR A L72/E R, 2416 A v oo (KD
82%) ZHHL7-. BIBIKRI LT Zscore DT v 7 BIIA

&1 FHH O

] BSE i)
A OB, A, SV o, TEE ) IRy, AR
S PN R
tiat =
G| AL AlG R, AETUN,
OGRS | TR, B, A, L, REA
250 0f
Z-score 5Lk m20-2.5
A 11.5-2.0 1.0-1.5
% 00 FEERRONE  —— 16 Dau
:{ 150 1 00{2
2 £
i 100 8% ﬁ
L
&
% 50 F E % 4%

0 cinl= N
mEEEEEEEEEEEEEEEIEEEEE
KBS ME S JILEXKEX@OHE kKK S
ERRKEBHORKKEE EKEERILET =" =
& R = = 2
® 1

B BRI R R



vatl, BIRHRNORRA v v 23U 5D 2 PR
Aoy 2 OEEHEE TR, 2O TIIRG RS A
3 2B E O HIRIRDNAICIE TS, PEZEERO
B, RBMEIEERT O 52%, SRMEIZ AT O
144%& 72> T5.

F7o, MEERHOZERI AR O—F & LT,
HHEBIXFRD A > 3 2Bl Z-score 7 B1-2 1277, BURERS®
FrEmR, AR EOSRERE ZOFELD A 3 2 M
HEINTND Z &b,

@) HEAOZEENEZ—2ONTHE
PESEEREH BT BTN DO EE X D DI H T
D, MSSDOT—4#MNLEH LT 1B OB Z H
Wb, Ay d, B KICRT2END O
i, Aviai, BRSBTS MEND %, BfkD
VERTNZBT DUEN O TH HHHEN D pitssy ThR L7-AH
(i pinssn) TR 5. IRFEIFOEE N & D A& OITEI D7
ZEETHI0, ABFETIE 10 S, 15 BFS, 20 BFS
ICEET 5. FEIEIIENTN, ¥,

WIENO OB — 0%, WERSINZ T AR Y 7
(Time-series clustering'?) DFE%E FAWNTUNL DD/
—UACPELTERT L. RN T2 7%
— X2 DRERIIFIZRZALOFREIMEZ L W W< Dp 77—
AT HFRETH L. ZHOWNRINT —2 20 ED
DEF LRI, TNOHESFTH T L TRERYIT —4
DA RE = ZBE T Z LN TE 5.
AMFFETIE, Python /N> 7 — 0 Tslem % VN THRER
B Z AL T EA ol 7 TARY UL, 2=
U REEEEA 1250z kemeans 5% V=,

(6) HEAODRBEH L EEEBMOIERROHSE
B A S SCBEFOCRER OB EN 72 &0 B N %
FHENZZE T, EEHDEWIBFT~OBENTE Y

bb%zmi D, JEREHD BTG~ OBENCE X2 5

NIFREMERSH D, =9 LInFEEEEZ D72, MSS

T — X PN TV DIEN D O ERIOEHREZ © &2,

PR & SR DR B BIR A 5T 5.

140%

HH 725,
WO EOTEE 2 < GURHT TH D LAETS.

8 65 Bl ASHELHRRES - BEE
PESEAEREHOMEN ODNEET DR, A v ah
THET % AR E OMLEBIRICE Y, R2ITRT 6 X5
T .

3. R

(1) PEEEBMOFBEAOTIE NN —2DONFERR
WAEN OO R — AW TSN OR
LTWBDT, Z I CIILAEOSHTICBIRT 5 EE o
BIZHOWTDIIRT

KR 7 A% U o 7 ORER, WEND OZ b/ 32 —
VEIRD 6DDY TAR—IGETHIENTER. £
FLE4, Decrease, Slight decrease, No change, Slight increase,
Incresase, Others Tdh 5. Others 1TV TIUT Ky SN
W TAF—=THOEA YT 2D 1%/ &
BUMETY 7 AX—BIDOSNT 24T 5 BB 5.

7 7 AL —RIOWHENDOZA LR Glait) Ofes%
-3 (. 1[I HOBREFEE S OMK (202044 A
~5 ) , Decrease TIIHI 6 ek, Slight decrease TI3#I 3

FEPRTH Y, KEHT Increase TiL 2 EIH, Slight increase T
I TEBE L e TV D, ZORITENENDRD, BN
@fllaaﬁ‘/J\ =YY ‘JKF&’C?@@T% % 7§>

2@5@%%%%3

| 0.01-0.50
051-1.00
~101-150
151-2.00

I 2.01-2.50

| EEE

ﬂ Extracied commercial arca,
[ pistrict boundary

— Railway

% /:L/DJU Z-score D] (HRETHBIXER)

X-2

120%

(=3
S
=

HEEEN 1 OZE{ L8 G R4 LL)
& 28 g
X X ¥

[ )
<
X

0%

=—Dearease Slight decrease =—No change Slight increase ==Increase

2020/1/7  2020/2/7  2020/3/7  2020/4/7  2020/5/7  2020/6/7  2020/7/7

2020/8/7

2020/9/7  2020/10/7  2020/11/7 2020/12/7 ~ 2021/1/7  2021/2/7  2021/3/7

B3 77 AZ—RIDMENAZER ChatEL) O



SO 021 £ 1 A~3 A) 1ZIFFFZ Decrease (2850
TR RE L 725, 2021 4E 3 HEHICT R TH 7 T %
A —T 10%IZIT S EE 2R LTV D203, g
I2& Y 2 [ H OBRRFEES PR S IVAD TNV b
b, WSS CH B 202045 3 HIZIEEN DB b E
LA TV Z ERERIZH 5.

EZAT, MSS IIHEANADOT —X ThohT=8, FE
S LR OXBINTE 2. 20728, SMHEHE
(AT A F—L) BNOREBZZET H0ERHDH. %
G, ERTAREICBITAAL L, FEAEDAN
HEICHEL TN D EEZEZXLND 4RO NOZ L,
105 & ISEHFEDAAN 4FEL D HENA v a2k
IINTRGRE T 5. TR A > 2l 1,077 8 (A v
TaDRIAY%) LiroTi. BA YT a LOHTRRA vV
2 DFENEND, KRBT DD T T A X —RifER
REE4, 5T~

(2 BiEthEDMERRIDOEILIZER Li=5

ZINBOSHTTIE, WEAADOZEESHTT 5 DIC
B2, BYHERIZ I D NROZALH L ST RER R
% CHIRM A X ) > CTHIER AT 9. AR TIIRD L D12
RE LT

BT GRYSHET) 2020452 H 29 H LA

% (BYLiRt%) 1 20204E3 H 1 HLA%

20204F- 3 H OBRS CIIE-RAaHET SN —E LR
SITWRVD, N ORGEEGE D H SRR T
HY, MSS OEE A B THEENRIIGD TR TH
B ENLEREL.

a) BERAIERRAIDZEL

AWFETH B LI SRR O ERFRBIEA O D
a6 RT. £, WEANDORERER L RiZ O
RrR-3ITRNT.

T RT ORI CREDOMHEN O3 D (083~092
%) L, 20 RFEORD PR RE V. —HT, RIXIZ
B (1.02~106 %) LTW5. ZIUISH B REH
T LU —7 OB LY ARICHE (ATAHR—2) T
HANOEEGTeRREMEDH D03, AIRO X I 4R LY
HBAAPENMUIZA v aDBhzxtl LTNDHZ L0
5, [AXOPGEERHILISOHIX )55 L= N A AYE
EFNDHEEZOLND. ZOHNNE, 10 FFER0 15 KA T
1.06~107{FT 20 A & L TREV.  BIROHEAD
DT B CRIRKZFHEM L2 &k v, LrERfR
T ORI, FXBRE 25—, FHIMIRNS
RSN CRERCR DV NS < 7o TN D,

[FX LA ERRO BB e 7D &, ATORE
W, ALEEMR CHEAN D ANEY (045~090 %) L C
WD DS, BEBEIX SO T AN R Y FEEE A/ S
(0.72~090 %) . RIXKPIEE TIERWE ODEE LT

% 65 B AFHEZMARERS - HEE

#&2 NOEBIRO I

X5y i
[FIX FEERTHERICIX
BEEX | PR DX
BiEist | PRt B DR GORRIKIE— DL A7)
iy | PSRRI B 22 IO
BN | PSRRI BEREL 72 IDRR T (FICERERTERPY)
s | PRI BEREL 22y D& T ()

mm*‘llll“‘l..l“‘lIII‘*

41.6%

80%

44.6%

60% 41.0%

40%
29.8%

31.9% 26.3%

20%
10.7%

12.6%

11.2%

0%

10:00 15:00 20:00

® Decrease  Slight decease ~ No change = Slight increase ® Increase ® Exception
R4 EEIO 7 T A2 —RIA v 2 Bl (B

100% —_j—_i

0
80% 34.8%

LG 34.6%

60%

26.2%

40% 29.3% 24.4%

20% 14.9%
o

19.3% % -
0%

10:00 15:00 20:00

m Decrease  Slight decease ~ No change ™ Slight increase ® Increase ® Exception

-5 WHEHERID 7 T A2 =R A v o 2 S (HTe5)

HHEAR(TA)

0 1,000 3,000

. T o [
v I i = S

v I is oo

o T 5501 5 [Gala)

mAX W BEERC BRI ol mAdIR Y RS

X6 FAEINCERRBIIEA D OZ L

2,000 4,000 5,000 6,000

3

10055
o

3

15055
o

3

2055
o

-3 WHEHEBINCERIRBIAEN OO (R & ZR)
TR | R | | o |

R T sk o [ | o | B

TORE | BRI | 77 | 45.2%| 17.8%| 2.1%] 12.9%] 10.4%] 11.5%] 100%

o | = | e |521%|17.4%| 2.1%)| 11.2%| 8.9%| 8.2%]| 100%

%R0 1.06 090 0.89] 0.79] 0.78] 0.66] 0.92

TSHE | AR | 77 | 384%| 18.8%| 2.2%| 14.6%] 12.1%] 13.8%| 100%

& R # 46.5%] 18.6%| 2.2%]12.8%] 10.3%] 9.7%] 100%

%R0 1.071 0.87] 0.86f 0.77] 0.75] 0.62] 0.88

2005 | FEAR | A7 |52.2%| 17.0%]| 1.8%] 10.7%]| 8.5%| 9.9%| 100%

& R % 164.4%|15.4%| 1.6%| 7.6%| 5.7%| 5.4%]| 100%

%/ 1.021 0.751 0.72| 0.59] 0.55] 0.45] 0.83

MATLAR A I R OMOME R, HK/ATNIMORIE LT, FL)



W5 < DOFFEERA~O G LIZ K UWNRTEEMEDS
5. DT OAIETITRATBEX & BN
ZYTH. LIETIE, X & BTN OMEN O3 &
LHERR L BITR B RE W 15 RIS H L Tobr & itk
H5h.
b) #HERIDZEL
ISEFRIZOWT, R1ITR LEEHEOSHE T L
TACEBMRBIEAN D O A2 BT 12, THAEN D OREK
R LFIROLREZRAITRT. T RIROMHEA & LK
YL KRR OMIEEN D OZAbE 25 &, KALTET 9
FRiL L 72oTRY, KREREIRLN. (EBR

OFERCERIZOWTIE, #TRBIZ L » CEVDHEE TE 5.

B 2 X H AR T CIItIESA OEIG AR E <, HFHAR
HR RSO HRZAT PSR RSB X OB A A3 g
FIRE. Fiz, BIEOZIUIZONTIE, HG R
Bz W TRIKTH DTN LT 5 2 EVRHEC
H5b.

29 LTI X BN, PR oo o
5 5 Ik OFFHOENRFE L TN D12 LB 2 B
5. HHEROEHE Lz LT, HAREATERIZ
BN 5 Z L ZHERTE N, 9 £ THARHHE
DR THEE X 2 X3 57230, K0 B XS T
IO Mk ons.

c) 7 5RA—RIEBERAINEI

U< 15 BFRIZOWT, 7 7 AX =R ERIRR]
DOMAEN A DL A B8, WHEN D ORGSR L Ritg D
R A RS 1253, Increase <X° Slight Increase (D7 7 A A —
IZBWTC, [RROEREN TEIZ B2 TREY, YK
B CHMAEN DA 2 5 - CIXRIX D B O HE A
\ZHN T E MR TE T2,

BEEXIZEH T 5 &, MR HRIRE W T 2%
—1% No change, Slight decrease, Decrease T 5. —J7
Increase < Slight Increase T, AHEERIZILRIAY/ NSV E
AN (106 fi5) F72i30E0 (099 1) THD.
ONLERRAE 25 &, BETMNIRTHs 7 A4 —T
FERCED 5%% Flal-> TRV /NI, FEEERHTTE
T BIRAICHEE Lewy, iy, fRe, thigstosr
& REIRTIE, Slight decrease & Decrease D7 7 A X —IZ33
WTHERCRDVERIZ R Z V. 20 9 BRSO R4 I
0.6 R TH D FHIRE <D LTS,

PLEXY, BYGERBITHHEAN DD 527 7 A4
—CIEFAX O R E <, BEREX S EINE 72138830
THDHZE, WEAODBBIZNH D N5 7 7 A
Z—TCIIRIK LN ONLEBIRORERSEDPRE L, Zhb
DR E S BRI RE W2 LR TE 2.

(3) FEiEih & DOLLERMRAIDIFH T
ZIMBIE, EEHE ONLEERBI ORI OV T D

% 65 B LA ELHAREERS - HEE
WHEA (T
0 500 1,000 1,500 2,000 2,500 3,000 3,500
. I
B % [ ]
£ i I
% % I
« o
T % m
iké ol L |
25 % I
&+ A
R
2 % W
)X WX m TS s i m RN e IR
X-7 #ZSRERIN EBRBEEAN D OZMl (15SEFR)
F4  ATERINERERRMEN O D24l
(I5HFE - MR &2 LE)
Mgz | BhBe | iy | AR | iR
A [X,
B T L m | | oo | B
T | ek | w1 | 37.2%)| 15.5%)| 2.7%)| 17.2%| 8.5%| 18.9%| 100%
= # 46.7%| 15.2%] 2.6%]| 14.6%| 7.2%] 13.6%| 100%
1%/ 1.09] 0.86] 0.87| 0.74] 0.73] 0.63] 0.87
0 | Wk | m7 | 36.0%]| 15.9%| 1.7%)| 13.4%)| 19.4%)| 13.8%| 100%
P = 1% | 43.4%|16.0%| 1.6%|12.3%] 16.8%] 9.9%| 100%
1%/Hi 1.07] 0.89] 0.87| 0.81 0.77| 0.64] 0.89
T | Wk | B | 262%)| 195%]| 1.7%| 19.9%] 23.6%| 9.0%| 100%
= | e |32.3%)|203%)| 1.7%)| 18.9%| 21.1%| 5.7%| 100%

% /8 1.04] 0.88] 0.82] 0.80] 0.76] 0.53] 0.84

%
W7 | KA | mi | 45-1%] 30.0%] 1.6%| 9.6%] 10.5%| 3.2%] 100%
g | % | i |51.0%|28.9%| 1.5%| 8.8%| 8.4%| 1.4%| 100%

% /A0 1.02] 0.87[ 0.86] 0.83] 0.72] 0.38] 0.90

Wi | fEmk |/ | 953%)| 272%| 3.7%| 2.6%| 9.8%| 1.4%| 100%
kg | %= # 59.2%]26.5%| 3.5%| 2.3%| 7.9%| 0.6%| 100%
A 0.99] 0.90] 0.87] 0.84] 0.75] 041] 092
WEAND(TAN)
0 500 1,000 1,500 2,000 2,500
2 i — [
2« - I
2% i I
%3 ¢ I I
o & o
£ % I
23 o I
72 % I
g o -
2 % I
)X WX m TS s i m RN e RIS

B8 7 7 AZ—HIERRIIEN DL (158H)
R®5 7T AL HINCEBHRIFEAN R DZL

(1555 - Hpfese & 25080
T [ e | | e | e
B T L m | | oo | B
2 [k | A | 11.7%] 17.7%] 0.6%] 25.3%| 16.1%| 28.7%| 100%
g o R % 14.8%| 19.3%]| 0.6%] 25.6%| 15.9%]| 23.7%| 100%
[a) %/ 0.90] 0.77] 0.76 0.72 0.70] 0.59| 0.71
= 7 [ Wk | Wi | 27.1%| 23.0%| 2.5%] 16.3%]| 17.5%| 13.6%| 100%
=y g s % [32.1%] 23.5%] 2.5%| 15.6%| 15.9%]| 10.5%] 100%
I e 099 0.85| 0.82| 080] 0.76] 0.64] 084
% AR i 56.4%| 18.3%| 3.3%| 8.1%| 7.4%| 6.4%] 100%
2 E B # 62.2%| 17.4%| 3.0%| 6.9%| 6.1%| 4.5%| 100%
5 % T06] 0.92] 0.86] 0.83] 0.79] 0.68] 097
= % &R i 71.0%| 14.7%] 3.0%| 5.1%| 3.4%]| 2.8%] 100%
%D g R % 74.9%| 13.8%| 2.6%| 4.3%| 2.6%| 1.8%] 100%
=i

1%/ 1.11] 099 0.91] 0.88] 0.82] 0.70] 1.06

2 WAk | A | 75.0%]| 13.2%] 2.0%| 3.0%| 2.4%| 2.5%] 100%
ol | # [787%|12.1%| 2.6%| 3.1%| 1.9%| 15%]| 100%
=2 % 121 1.06] 1.03| 092] 088 071 LI5




IR E R, 7T AR —RIORGEER M & SRR
DEFRZBET 2081 L, R 27 722 —HIORIEAR
DIAVRITHOVWTRT.

a) (IERRAIDEESKEMFE TOFHER

R612, 7T AX—RIONERIRBOMEEERME T
DOV OEFFERZ R, 22T, PaEER L R
M OIS Y, PEEEERMO A v ol b, SR
DMFAET D THIXET A OB £ 72138535 £ TOMREEE LT
GIS ZHWCHHII L7z, SRR B3R £ 721358
TRELCGGHUILZHETH D Z L ICRHEPLETH .
EIHEEE Y, WHEAN D OMEFEHETHS.

NEEBIRBIOMER & LTI, FOAEMDORRI b E
<, HROHMBEANELEWVIEIECTH Y, (EEROE:
MERLTCNDEEXD. I TAXRHIHD L, [FIX
EAMIRA TR DB RS DD, R, PR
Hh & 2 DOFERAAT £ CORBECTH 5 72 DFRHTIEE D W
HTH 503, Slight Increase <° Increase "C HEIIFEREN RV .
HFEDOREVENEL EENTWVD AN H 5. fhlR
SME, YRS OFEENE L 725 CD. ZAUTRE
LRI IR RO RS B ORFS AN Lo <, I
UWGFT DRSNS DRGHDTD LI W ERFINL T
HHDEEZD.

BRI BT A HNE ROt A R T 5 &, FRIXIT
AR OBRR CHENASLE T 53 1.5km,  BEEZX 1L 3.8km,
BepEtishix 6.5km FREECTH D, o THaORBRZ R E %
TRALZHED S [15 i) ZEFHICEVTER D &,
BEEXIXHERE CREIT 255810388 L% 15 9T
B TEHEANCHH EEZXD (AIREOHE % 15kmh
THFA) .

b) RANDEEHEIERIRIZK DHFEAODLELE

ArIEBIERANDTEN 1 &2 XHAT CHERH L, EDZ b
(FiELL) ORI 2RO (T, B Decrease &
Slight decrease % % & O THFRR LK, TEDS Increase &
Slight Increase % % & TFR LIz ThH 5. ZH2h,
FXOZ LRI b RE <, MRS R B/ S0,

%7 T 7 NONLEBWR DA LR 2 — e E S ot
2L ZE AT S TR, Decrease & Slight decrease
TIEBEET S & PN LSA DAL BB T 1%KETH
BN R TE 7=, Increase & Slight Increase T, X,
Bepzisth, iiNELLISAONLEBIRR T 1%KETH
BN ER TE Tz,

EB¥® Decrease & Slight decrease &, TB¢? Increase &
Slight Increase (23317 % [A] U & BRI OEE M2V T—
TCRRIE BN ZAT o TR, AL DAEBIR T,
1%KHECH B MEGR CE T2

NEBIWRIC L A ROE NS, [FIX, BEETHX S 5
VN LW REITHIN,  Z Ofiiiisic X o CREHOICE
BACHEI D Z EWMERTE =, OF D, pHEERMONT

2 65 T ARFTEZFMAREKS - BEE
=6 BN OREEERE M = TN RS
Mz | BheE | flrds | R | o

. N
B " L | | | o | B2
i 12[ 40 58 90 199 446 212
Decrease |, 12| 39| 58 90| 193] 208| 1438
Slight BT 11| 3.6 70| 83| 223] 562 154
decrease | #% 11 36 70 82| 207 350 104
o ek B 14| 41| 69] 95| 203] 357 66
0 change | 4 14| 40| 67 94| 193] 240 43
Slight i 1.7 39| 62| 95| 187 409 42
Increase % 1.7 39 6.1 9.3 17.9] 23.1 32
1 BT 18] 42| 52| 104] 152 336 338
nerease % 18] 41| 48| 101] 150] 191] 3.0
B 15| 38| 66| 88 213 485 120

Lk z

% 15| 38| 65 87 200 311 77
BN km

14 Decrease and

Slight decrease
X

« X

1 X
X% == T
x %

0.4 - %

0.2 - x J

fta Py

o
%

/ATt

o
2N

EES B Bsifish Ik Py LS

Increase and
X Slight increase

X
&

z*$;$$[
|

g

;3

iy %
< X

X
0.4 - X

X

R WHE P Bprfist TPy LI fiL SRS

X9 NZERRAIZ 7 2 2 —Hl
FHRRELOMHEN A ZESRFEOUT. (155515)

B B DFFE IR LIS <, 30D ORHE T
DLW L EHERTE T

4. BHYIC
AMFZETIL, COVID-19 OREGyLRIZ X v pasetEfi
DAG/ G = INED XA LT= DD E ] BN T
HZERAMEL, REE Y VT —H W CEaiE
D 20 HEITI51) 2 P EEREH- OWHE N D OZA LA 30T L
7o, ZORS, 15 5T ST LA EE - TV
LIRS E 2z, PESEERH & R & OATERIFRIZ G
BB LTI adT o7z, AL TR DAVE 2RI
TOEBYThHA.
o BRTITIHEANDONBD LTWDA, (EBEGRD
PCHERIRTITEML TS, Zo#EINTEEIC



WET D NOZELAREENS D08, FXOMEE
ERHLSN OO HKGF LI AONEEND &
Ezbhb.

o FRTHERBNALE RIRBI DO ZAL & 458 LTk,
FABTHIRE Tl B OBIG N KR E <, HJ7 PHEER
T B0t 5 AT T Bl C U] XSO X 503
el R & W2 20, HT R RZER TR IR EIXIC
BT HIEYAERZ OWAEN O S DT I
T 5L, HHEIC X 2EOBFET D 2 LNk
WTE .

o WHEAN DO ORERFN 702 7% & LI LT
7 T AL —RINZHT LT AR, BRYE R I
NABHENT 5 7 T A X —TIXRROEIMNN KX
<, BEXLBMEIIMMINTH D Z L, WHTE
ANADBFIT NS DV T 57 T A2 —TilHE
X LIS OALEBIR DRERERE DN R E <, Z b D
DEY IR E WD L MR T 7=,

o (e BAGRAI DB 34T L 7RG AL, BRI & pg
FEFEHE O T 3.8km TH Y, HiineL (GHEE
15kmh) CTEEIT 5538 L 154 CRIET
&%, 15 4k #&ScBE 25 &, YK
% B ARSI D & OWEN O3 A LIz < v
PAEERRM T, AR O R EE OEIEE L X
DEEIDHRINC R E > CWDAREMER B D, 2
I LI EReZ B E X I8t 0B 2 7 b igatT
DRHNRH D EEZD.

LSHOMEE L TRO Z LT BN 5. ARFZE T
BB OB E, A v aE K& AR LT
INTEATST208, B9 FTHAaLABHEOFCTHER~ 72
X232, 4 ORGEEREIOST BT A BB L, £
no &7 7 AR —OERIROBIRSS, WEAND O

DIENR EIZOWTEER T 21T 9 Z ek bivs.

SR . AW O L7 V2SR T — 2 1T,
At RaE « S A be—bT 0 7 X0 T
W2 722, ABFZEIXER CSIS E[EIFSE No.972 D6
ELTHEHM L, ARWFEO—EITEMIE  (20K14856,
JPI9K15185) DBz X v iThiiz. Z ZIZitlL, L&
DG ER L ETS.

fHE
(D) = A VZERGGET) 13RS NTT R 2 E08RagE
bo.

S5 Xk
1) Petersen, E., Wasserman, S., Lee, S. S., Go, U., Holmes, A.
H., Abri, S. Al, McLellan, S., Blumberg, L., & Tambyah,
P.: COVID-19-We urgently need to start developing an
exit strategy. International Journal of Infectious Diseases,

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

% 65 B AFHEZMARRS -

JEE

96, 233-239, 2020.
https://doi.org/10.1016/5.1jid.2020.04.035Petersen et al.
Li, B., Peng, Y., He, H., Wang, M., & Feng, T.: Built
environment and early infection of COVID-19 in urban
districts: A case study of Huangzhou. Sustainable Cities
and Society, 66(August 2020), 1-10, 2021.
https://doi.org/10.1016/j.s¢s.2020.102685

Shaer, A., Rezaei, M., Moghani Rahimi, B., & Shaer, F.:
Examining the associations between perceived built
environment and active travel, before and after the
COVID-19 outbreak in Shiraz city, Iran. Cities, 115(May),
103255, 2021.
https://doi.org/10.1016/j.cities.2021.103255

Malik, R., & Zdyb, A.: Containing the Spread of Covid-19
Through Spatial Planning: The Case of Warsaw. In A.
Visvizi, O. Troisi, & K. Saeedi (Eds.), Research and
Innovation Forum 2021 (pp. 279-294), 2021.

van Wee, B., & Witlox, F.: COVID-19 and its long-term
effects on activity participation and travel behaviour: A
multiperspective view. Journal of Transport Geography,
95(May), 103144, 2021.
https://doi.org/10.1016/j.jtrange0.2021.103144

Parady, G., Taniguchi, A., & Takami, K.: Travel behavior
changes during the COVID-19 pandemic in Japan:
Analyzing the effects of risk perception and social
influence on going-out self-restriction. Transportation
Research Interdisciplinary Perspectives, 7, 100181, 2020.
https://doi.org/10.1016/j.trip.2020.100181

Eom, S., Jang, M., & Ji, N.-S.: Human Mobility Change
Pattern and Influencing Factors during COVID-19, from
the Outbreak to the Deceleration Stage: A Study of Seoul
Metropolitan City. The Professional Geographer, 74(1), 1—
15, 2022.
https://doi.org/10.1080/00330124.2021.1949729

Hu, S., Xiong, C., Yang, M., Younes, H., Luo, W., &
Zhang, L.: A big-data driven approach to analyzing and
modeling human mobility trend under nonpharmaceutical
interventions during COVID-19 pandemic. Transportation
Research Part C: Emerging Technologies, 124(January),
102955, 2021.

https://doi.org/10.1016/j.trc.2020.102955

Eom, S., Nishihori, Y.: Investigation on visiting pattern
change in commercial areas during COVID-19: A case
study of 21 of cities in JAPAN, ISPRS Annals of the
Photogrammetry, Remote Sensing and Spatial Information
Sciences, (Accepted)

e oeiE, RAIREE, MHFHF  WEAADD R
MM I DIGMEE OFFAMG, HIPBRE® AT
AP EE R SCEE(CD-ROM) ,  2021.

Akiyama, Y., Sengoku, H., Tanaka, H., & Shibasaki, R.:
Development of Commercial Accumulation Polygon Data
Throughout Japan Based on the Digital Classified
Telephone Directory. Conference Proceedings of 12th
International Conference on Computers in Urban Planning
and Urban Management, 2011.

Aghabozorgi, S., Seyed Shirkhorshidi, A., & Ying Wah,
T.: Time-series clustering - A decade review. Information
Systems, 53, 16-38, 2015.
https://doi.org/10.1016/5.i5.2015.04.007



% 65 B AFHEZMARERS - HEE

(Received July 1,2009)
(Accepted November 1,2009)

HOW HAS THE HUMAN MOBILITY IN COMMERCIAL AREAS CHANGED DUE
TO THE COVID-19 PANDEMIC ??
- FOCUSING ON THE SPATIAL DISTRIBUTION OF RESIDENCE -

Yasuhide NISHIHORI, Sunyong EOM

This study aims to clarify how the visit pattern of human mobility in the commercial area changed during
the COVID-19 pandemic considering the spatial distribution of visitors’ residences. We clarified change
patterns of floating population in the commercial area by applying time-series clustering and investigated
the features of each pattern focusing on the spatial distribution of residence.

The major findings are as follows: First, human mobility change patterns can be classified into five pat-
terns: significant decrease cluster, slight decrease cluster, no change cluster, slight increase cluster, and
significant increase cluster. Second, the floating population from the same ward with commercial areas
increased, and the floating population from the adjacent ward did not significantly decrease. The average
distance to the adjacent ward is 3.8km, which is about 15 minutes by bicycle. It suggests the increased
importance of local commercial centers to supporting the daily activities of neighboring residents.



