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Development of an Observation and Evaluation Method for Disaster Resilience
Based on Time-Series Decomposition of Mobile Phone Location Data
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In this study, we developed a quantitative evaluation method for disaster
resilience information. Specifically, we proposed a method to calculate the disaster damage and
recovery process of people®s behavior using cell phone location information. The proposed method
automatically detects behavioral changes due to disasters by decomposing the time-series variation
of the resident population into normal and abnormal time points. By applying the proposed method to
six years of nationwide data, we quantitatively and comprehensively calculated the amount of decline

in people®s behavior due to disasters. As a result, we succeeded in clarifying the characteristics
of several behavioral changes, such as the detection of pre-disaster preparedness behavior due to
the planned suspension of railroad service and the disaster prevention effect of the High-speed rail
on long-distance travel behavior.



¥ X C—19,. F—19—1, Z—19 (i38)

1. WFZEBRMEL PO 5

HIFEOKE R EOREIL, BRIV YD XD RN 78 Eon— R 2 i%it 35
CLE A LR TH Y, RETEABATEANCHTLIRENLELE RS, 2T,
Resilience Triangle (Bruneau, 2003) OBE&ENE H Si, KEFEICxH LT MR Lo/ ths)
ZHELERROIBH SN TWD. Zo&E, —RRlEIC L 2BEDKTICH LT, KE
BOWRERELZ LT <7528 T, MRl bR 7R E X A — ) OREEZ/NSLSTHZ L
ZHAETHLOTHS.

ZITIE, “EFEOREFICBNT, FxOFBHOHFEE - BERERIIED L) bDTH o720
ZA9027 ZOMWNIEZDZ LT, IVEFLWEEBEBENER T L ts - 1
7 T ORRFHCHRICENT - BURRE TH Y, LERAIKTHD. LirL, ghll & OH—DEE
OEEIBELCRATM R EEFER EDOI 7 afFRORENMTIEALETHY, v 7 afffliT
TERMICER S TR0,

— 5T, NOIEBORERIIHERL IRV RE L SBRTEX DX 51> TETWAD. fHilxid,
NTT KaEolk#imT—2 2RVt A0 o Th s [T, VERFR 2HW5S &,
EOEBOHEE N O DR RYHR 2 i b i< T 1 B CTEMICRET 2 Z LA TRETH
B, I, BEEREDEENR2NE NI FREIETS LOO, KEREONDGADELOFER S
BELJHERETES. 2F0, Zo#EEHEMERRT —F 2 005 L, NAOIEE 2RI bHE
ARERFRECH D N34 ORERYIEE) 2 5t 21, REMAICFEM 72758 L~V ORI HER 2, 5
EOREOPS - FEEREZ SO THWTE S, LrL, BHIBETITERE, 2ok 5 iR
MIEIRRRIZEH LT, EEMRRMIIE o255 S Tuzeu.,

2. WHEOHEM

ARIFIETIL, B EEHRT — X 005025 N0 DORERIHESE T — % O E#RICE
H LT, Resilience Triangle Z1X U &3 2 KFRFOHLK L~UL - [BIE IR Z & EAIFHm 3
DHEREBRET A EEBET D, 2R, RER oG E0 TR E P X HIcE
SHPEBIIR D . AR TIE, BHMBORSRIIT —X 128570 —H5 0T A by 7 BHO
IR RANEZ AW T PR T V2RSS, 209 2T, 2014 FE D 2022 FEDO M OFR
SIEALZMRANZNT T DL MU T, LFD 2828w T 27200 T V ARINET S
1) IHFEORFIZBIT D A2 OIFEIOHLSE -« [FEEFE O R

2) KE - AU MOBTOREL, FHEIER « ZZ@EBEIZEOHREZH L NCT S

3. WHFED ik

(D) AW HHT T —#

AWFFETIE, KERHZ A X OWERIZOWT, ED X ) RIFRIIEENNE Z 5 0OnE o< 8
MDD RaEt - f VA b~—4T 4 TR =S NVERFHHT — 2 20 5.
ENBE KDY TN EEDL Z LD, MINWERINCEHR L, ILFEICBIT 29 21T 9 A
MR EE T — 2 THHEERD. ZOT—2 1%, #HEEHERFRE L CKEMFE oTH
72 B(E 0 BRER SN DR E OMERH - 58I, NaTOELELNET 52 LT, 1 K
MZEDANODOZEMSAAZEE#R T EICHFT L0 THS.

(2) KEL VY v REROKRHITIE

ARFIETIX, T A NVZERFET — X2 X2 ANOHERBIE®RZ, KEFEN R TEERE & EEN
FAEL THRWE) (oL, TR 128175 HEFRETHIUI TR IN DN &HE
it TS 2 &, RERHIBIT A ANOBETEN 2 EEMICHENIT 2 HikE & b, £9, @
b B2 0T 27 70 —F2L 52 LT, EER] OFHlETvIC, TRER] OfFEn
WS LI L EETH I ENTE D, T LT, BMICREOR S & Il 5 X0 KE X < HEGE
L7z DEFEEOMENS) SRR EZHET D 2 8T, REICL DB L Z OGR4 K
<RI LN TE .

AW T, B34 VBT X DM ENSHEHE ORI SO T4, 22T
ENAIVERFEFHZ L » TR LN D RERFIEENL, 2 MEORMEC M TELEE 2, T
NEREEL T, £, 1 DHOBRIIZENL, TEFHES)] TboD. ZOLENL, AxDBH
WNE— L LTREORWEHER THEICEZ > TWD EHERNTE 5 A v 2N A A DOESRS]
EETHD. £72, ZOLEL, BASCHNE 2 E0H 5 —EORMMRRRINEE D/ —
ERFOLEZOND. RIZ, 2 DHORRINEENL, HRELH) THDH. ZOLET, BEFFT
X D AREME DN IEE IRV ENC LD A v 2 NA D ORRINER TH 5. BRI, K
IRSENBEAT D & R IE DD, @ L ITR D Ax OB TEIN L BET D20,
Ay 2N ANAORMHEBS b@FEREONRY — THR SN HB L ITRE < R s #B 42 RT
Ko lr—2Ths.

ARFIETIX, [RERINEG A 7 AET NV &2 NAMES ORERIINEE & T 572D D



ETNERFEL, BEONOBEITEIORSRINEEIEHE BEER)) &, KERR S8R4T
% TEEIEE)) AT 5. F L TKICHBWT, BUHIME S TR ZE)) 205 TRl S 2 8dE
ZHB LT, ZOREMNRE TH A Z W LN s, S$ERICEIT S A% DITEI O R Z5H)
T LTV

(3) WERINREH U AET L
AAFFETIE, A NVZERMFHZ L > TH LD, alltfiDdH - tREE DN AHEFHMEY, g ¢
BROLEDITHRS . ZONTHERE you, PEHESNHHER Py, BHEBIEDS
L B EFO SN OHEONIMEEER LIZbDE LT, UFDOXLIICEZS.
P(ya,d,t) = af(ya,d,t|ﬂnorma1,(a,d,t)rUnormal,a) + (1 - a)f()’a,d,t'ﬂerror,a’ aerror,a) (1)
0<ac<1 (2)
KDITHBIT 5, BES (vlw, o), FEIE p, EHERE o OIES A OMREERME T2
SEY, NOHEFHME yoq, PSEETHHERIT, FEE tormal@an * EERE Onommala P
AR OIERIAME, FE perrora * TRHEIRZE Oerrora D5 H RENRFOIERL 3 2 &
RBLEZbOLLH/ONIBLOEREL TS, £, a 2O HOREEAEZRTH
DTHY, N AT
FT, BELHRICEATLHEICOW TR 2. @ ZEROIERSAMIZI T 2 8 E
tnormat@ae BB (d,t) SEWCET 5 LEX D, 2L, BEREEAR L OB
FATENC LD, AERRANRDMANZ = OB Z b2 RET 26D THY, LLFITR
7.

Hnormal,(a,dt) = z My tiXa,i (3)
el

K(SN:%H—Z) md‘t‘JiJﬁlﬂ}qg%Zt@&i*"EéﬁTEbé Oi@, %Eﬁﬁj\md_t_i&ikéﬁ#ﬁﬁﬁ
H(d,ONZTORHERNTELTHHAITIT 1, ZELAVERIL 0 DAL, Z0OXI—
EENZNE, ST RIS x L TR ERARDOE A2 IR L CEAT . #lxiE, @ -
WP HRERIOSE IR Z L OLEEREZ, FRELE 83K & & o TR
BT 2 REEBERITITEIM 2L, FHCEAREZ RT X I—2AT 5. T LT, x40,
BiTalZ BT DM EZIOEIEEZ T /37 A =2 Th 5. 8 LB A O - E
normal(ad,0? RB)D X ITEAEIND EEZT, AT, normale & Xa,i %737 A
—HZ L L CT—HMbHEET S.

W, BEEEBRFICET AEICOWTHHT S, RESLCEFRSR R EORFERETIE, Zi#E
BB DO FELNCREF M LI L - T, Ax OBETEINZE(L L, @H RO oA & IXR R D
EAODRBRAIENADZBEBZONS. FOOREHICBIT A AN O OMRSAGITEH X
NAMERITIR D, ZHERMEA &V 95, Lo T, BEEHEEOEHSMICIIT LM
ferrora 1L EDHITHL—ETH D L NE
L, BWoZrora IREWVEEL & D Z LNRE
ZbNb. ZORFEEO AT,

Herror,a & Oerror,a %/\05 A—H L L’C?‘—‘
E W BHEET B, Iy
FEROETAEANT, EALLZERHE ll | i

ST =2 K DBy & HWT, KA OHEE QHH OBEAE
INTA—=H (xa: Herror,a» Onormal,as Ferror,a’ a) BB

EHET D, DT A=K ERcbHEE i

BCHEET 5. T OREEREREEF DD, N
RO R RIIER &, A BRI TR - T

W] CHIETEDZNE LY I HEREE T
Z): kﬁif%y '1 @J: 5 foﬁﬁj\ﬁgfﬁé%ﬂc: _1 H . [?E/E[\jj‘ X:E"“ I/c:J: YA : 724
T BB & RO R O 5. B-1. BRSRE N ATT/C L S5

4. WFRERER

AWFZEClE, L7 7a—F2HWT, BLIC3HEEOM2FEm L. —oHZ, BFEMN
RATE AR E Uiz, NEHEEETENCR T2 KEL VY 2 U ABEO ST TH Y, ARETIL,
FERERO—D L LT, FHEERICER LR e 3. 28870, [REBERITITENIC
BIFHZKEL Y = RO TH Y, AR TIEIESIM - @I U 2285 %
AT SUEED, Flan S A NV RAEYYEIC X D ETH D, AFFERTENL, JEYYEIC X B R
VT v ORNIRESINT LD TH 1272012, PRI T=0TH 5. L, B
DT ERERF S 2R ST D 2 LIk o T, FREDT —% « 5L « I L > TN A RETH
0, O ZOMBEOKREFLOMBOT-DICHHAD ST ThoTeZ enh, A7y =7 b
DO—BE LTHEM L. ZOREREZ, BHOGRILE L THERLTWVDEN, BRI THY
DEOEE L, AR TIIEKT 5.



() RTINS R 2 KF LYY = REE DT

9, THEEEOBEITENC T 2 KEDE
BA ST BT, 11 FiioF LR %2 &
500m A v 3 2 ORERYIEE O o3 fif 21T - 7=
BHHIZBNT 24 OKEFRGERIRLE LT
728, 33 FHHNTHIT D EER TOMAELRLE
EEMICBRET 22N TE 5.

X-2 2%, )1/ IMATIC BT 2% Rk 30 41
JA 21 FZ KB H A=V % T T RO HEE G R
Thd. ZOKIZET D HEBRD, BHEREOHEE
ETHY, FRENPENALNVERFEFICL 28
BE, RADEE AT T AT VLD [HE )
CHIELERETHS.

ZOKERSDE, ZO—DODFERICBWT,
SFHEOERENDH D ZENgnd. 1 OEN,
SEIEAEE NS F O B ORIIHT TOFRES
ANEORATHY, ZHIT A% DB OITHE
ZEORLDIMER LW LY. 20D, KE
ARG X OETOEINTH S, 2k, KER
DITENER D LI 2 C, FRTCmE & B
HATEN R L o> TV, LHERISN D, &6
2, 3B E LT, FHERICH KHF LD
NHERTE 5. i, RERCTE o7z
TEhZELE CET 272000 & HEHIT
x5.

ZO3EBEOEICERLT, TOKREZ
Z SEMTHESEZIT ). Ao TolEkE
1T97-0I2, HEWeKiia gL Ly, £
OEDOE (X-2 OmfE) % HEWHE TR
LCHE Lz, F-11%, KERAERSNLD
W B (RS E) OFHFER TH 5. [FERIC,
FEEATORESIC BT & (Faigine) &
BHL, ZOREOLKREIT-7

AFa T, Az @ L CEbn-F8EA
BRO—2>THD, TH#EOFHHEER] 2XD
WO R AR TNL . KERERND,
RORE S % FHHEIRE - BI5THBORT, 2
DIFFEDORTREFHOFTIE, 17 FFHINFE4ST
5. 2 LT, WEPITFEDOZEROATHEH S
TWAH Tz, HIESCHEERZ FE L T\
WEROEF G EBGFET S, 2 b OHEf
&, FHEER N E S S 7o F A el LT
[FHEERIC X - CRENC/TEI R OB 1N B
Tolm?) &, TEGERIZ LD AN A Ofii 2
DATE) (FRTENE) MEESNTZDNn? ] D
2 JIZ OV THER LT <.

Z DT DO EBIFINT ZAT - ToFERD, £
2 ThsD. ZOHERBFSH T, HIEDORES
HHHEEDOEWERET LD, HEX
— B DX I—FBINMLTENLDL DR
AT BRNZ D 2 C, FHEER Y I — D
BERHL TS, £-2 OFREZRD L, 5%
HE/KETIE, FaiEinEICOWTUIIEL, —
Hfe RSB (SO KB TRRIZR -
THOR) FAICHE ThH-oT=. 2F 0,

— EAUE o EEHIFS
— HEEE — ERERR
1600
1400
1200
_4(
o 1000
<
800
600
400
0 6 12 18 24 6 12 18 24
B (BF)
-2, HEERE R DB
Fo-1. KWl B o HEE R R
3 BB
scm 8
Es M e | RA R | AR
A d*~d*+2 36 -0.758
FRNELEAE | KRR [ dF~d" 11 23 0.861
SAEA RIS - 7 0590
T304 B A2LS 11 21 0.782
SIBESAET | BB [0 1~d*1] 23 0534
SAEA RIS ar 9 0412
EARE *2~d*+1( 155 8.002
SRR SR [ d~d 11 12 0322
SM2ET DR 1~ +1 22 0.718
TRI0ETAER d1~d*+6 97 2.980
PUREAELS | o0 [d~d43 30 0.658
SBEBAET N T ~d 13 39 0.828
SHAEA RIS 1~ +1 27 1.041
FR30FAEI1E ar 7 0.299
L2 VAR
SAESAET ar 3 0.352
AR dar 10 0311
BHLETAEE | e | 710" 19 0.453
SIEA RIS - q* 14 -0.665
SAEARILS - i3 20.410
S E Rk BAR d - 1~d* 23 0.712
ST FROAAR | TER [-1~d+2 51 1761
SH3EARI6E T 1~d*12 22 0.488
FR0ETAER T 1~d 12 4l 0.766
SHTEREL0S 11 26 1.035
SiEeaEm | DT [Faeal] 36 0.841
SHAEL @IS d-1~d*+1] 28 0.978
AR ERAAAA *~d"12 39 1340
EERTHREQ02]) | BER | d 6 0.259
BB EIE (2020) qar 12 0.394
PHIETACA D KT o0 | d*~d+2 29 0.640
SF4E AR14S - d* 14 -0.608
FANETAED |, o[ 41~ 2 -0.157
SMAELRLAS d* 14 -0.600

-2, FHEREIRIC K 580 BRI TR
R (EREHRFY)

HLE
wif‘ B e p-value
i FHEEIR

e 73— 0.0496 0.046
—HEK EHEEL

g 73— 0.250 0.035

HEARANSH D Z L2k~ T, FHAOEMITHIOHEME, L E—27 LK ENE L T
(Wi > TWAAREMRH D) ZEZHOMNITAZ ENTE ., 2O OERENE, 2HE
IR EOREIZHONWT, ERAICGGHET ABRICEE LT BT o AD—2 L L COMIEA BiFF

TE 2.



2) EHEBHMTENCRB T2 KEL VY = ZARIED 54T

TR R T e —F %, HERERRITERICOEA 2T, 201443 A 1 B o9
auF A NVADOKENH T DEATOD 2020442 A 29 HETO 6 FMOT—Z b EEICK
% TR HEREMBOICHRE L., 22T, BEYvAET ATHRIBENTE TRE ] 095
T, ADETHY, REABCHEROMMICRLY T2 F5 4 M L.

o7 Fa—FTEHEN, EEMNEMGEOU EICX 5D E (EE#-IE#<7 2L 0
EEECTHRENT A2 LT, Hitad TH] & L72) 2 RLEb0ONK-3 THY, HiEM T LIcE
FHLTHRLEZLORX-4 THD.

g

T

WN = OW©ELDOTAWN

Ao
i SRS 0BRSS E S
Edi=
[H

BRI S B W

- -20

-25

BEERERTR
RORN RN NN RN R = —t —
OCRIDNRON—=O©®EIDA

%%IDBFHH-?U
FRH I DI E 2N = I D 33655 = R St e e ER e

w
o
SH,

-30

-35

-40

AEAARRARLWLWWWWWWWW
QEWN—=-0OOCOJDNHRWN —
BN e o e =3l

cl

FN
>

1
DEHROVSIEEHFENPIMRG SO EABGEGITRIGOGNGDOH-PH 15 HOS
AR RS AT N R R

MR
[X-3. EHEGEAFIRAST Z & DR BRI B o B H R R

N
<

INHDOBEEREREND, HEENRKEIVSFTORME LT, 2 MEOBEAHRIShT. —>
Bix, M7 oy 7 2F7-ITR LR LT, fillk7 o v 7 NOKITITEIO G, S ENK
TV LETHD. I, tay, (Ve
B LT VTEIOEI G N Z W2 &
WErbolEbhs., —o8I1F, K412
RTHERERR S E o E S R 2 &,
HEMRR NI S LTV R WERE R IR 3
WTHESE AR E N LS5 . B
W, TESRAR & Hels U TR IR 2N m N 72 D
W2, RS NDHEE MRV D 21, TRITHE
L L COHLEENREM B RETH D

BRBELE(A - BEFR]

Tz, BEEROA M L B R, Z 0 =

IO TRiEnbD L Bbns. 2 =

NHOBIE, IGFREIZ L > THERND I 400 - 350

% EBRHERENTNG. : =
SOESIC, AL CIRELET S a— o D

TN K o THE I I BLALL D 58 Mags 1t % L

ERALT 5 2 LICHRII L, Thic L 5B Ks

DRESHERMTHONCT DL L p

T&T-. -

-4, WIAEHESENT IR 2 L O BRIEEK &



11 11 0 2

Yamaguchi Hiromichi Nakayama Shoichiro

176

Pattern analysis of Japanese long-distance travel change under the COVID-19 pandemic

2023

Transportation Research Part A: Policy and Practice

103805 103805

DOl
10.1016/j . tra.2023.103805

NISHIWAKI Chise OKUMURA Makoto HIRANO Katsuya 78
8 2023
Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 1_327 1_335
DOI
10.2208/jscejipm.78.5 1 327
advpub
2024
6-14
DOI
10.24639/tpsr.TPSR_26R_02
Yamaguchi Hiromichi Shibata Mashu Nakayama Shoichiro 2023
Travel Matrix Decomposition for Understanding Spatial Long-Distance Travel Structure 2023
Complexity 1 15
DOI

10.1155/2023/1090277




FUKUDA Takumi YAMAGUCHI Hiromichi NAKAYAMA Shoichiro 78
2023

Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 1_469 1_481
DOl

10.2208/jscejipm.78.5_1_469

NISHIWAKI Chise OKUMURA Makoto HIRANO Katsuya 77

ROCESS ANALYSIS OF IMPLEMENTATION OF TSUNAMI COUNTERMEASURES AFTER THE 1933 SHOWA SANRIKU 2022

TSUNAMI

Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 1_359 1_373
DOl

10.2208/jscejipm.77.5_1_359

FUJITA Yusuke YAMAGUCHI Hiromichi NAKAYAMA Shoichiro 7

THE EFFECT OF SEASONAL VARIATION OF TRAVEL DEMAND ON OPTIMAL INTERCITY TRAVEL NETWORK 2022

Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 1_127 1_136
DOl

10.2208/jscejipm.77.5_1_127

OGAWA Junpei YAMAGUCHI Hiromichi HONDA Ryo INAHARA Risaki NAKAYAMA Shoichiro 77

TIME-SERIES ANALYSIS OF BEHAVIORAL CHANGE IN KANAZAWA CITY UNDER COVID-19 PANDEMIC 2022

Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 1_649 1_662

DOl
10.2208/jscejipm.77.5_1_649




HARADA Kaisei YAMAGUCHI Hiromichi SAGAE Masahiko

7

THE BEHAVIOR CHANGE IN INTER-PREFECTURE TRAVEL UNDER THE COVID-19 PANDEMIC: DETECTION BY SPARSE 2021

NON-NEGATIVE MATRIX FACTORIZATION

Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 160 173
DOl

10.2208/jscejipm.77.2_160

Hara Yusuke Yamaguchi Hiromichi 9

Japanese travel behavior trends and change under COVID-19 state-of-emergency declaration: 2021

Nationwide observation by mobile phone location data

Transportation Research Interdisciplinary Perspectives

100288 100288

DOl
10.1016/j . trip.2020.100288

SHIOZAKI Yuto TAKAYAMA Yuki

76

ANALYSIS OF URBAN SYSTEMS'  ABSORPTIVE CAPACITY TO TOLERATE EMIGRATION USING A NEW ECONOMIC 2020
GEOGRAPHY MODEL
Journal of Japan Society of Civil Engineers, Ser. D3 (Infrastructure Planning and Management) 314 333

DOl
10.2208/jscejipm.76.4_314

20 0 2

Nguyen Manh Hung, Hiromichi Yamaguchi

Non-negative Matrix Factorization Approach for estimating the impact of COVID-19 on long-distance travel behavior

2023 ATRS world conference

2023




Albert Felim, Hiromichi Yamaguchi

Time Series Models with Consideration of the Holiday Patterns for Domestic Long-Distance Travelers

2023 ATRS world conference

2023

2024

67

2023

67

2023




2023

2023

67

2023

2022

2022

65

2022




65

2022

66

2023

66

2023

66

2023




65

2022

65

2022

64

2021

64

2021




63

2021

62

2020

61

2020

(Okumura Makoto)

(00194514)

(11301)




(Shiozaki Yuto)

(00824921) (82102)
(Mizutani Daijiro)

(30813414) (11301)
(Nakayama Shoichiro)

(90334755) (13301)




