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Geographical trends of children’s activities and early childhood education in wooden spaces
based on Kids Design Award Winning Cases

Suzu Shimada*, Naoko Fujita**, Max Hanssen***, Linda Gadhoum***, Miyano Imoto***  Yuxin Zhou***

Abstract "Woodification" is a recent trend of using wood in various contexts. This study investigates
the geographical patterns of wooden spaces in Japan, their distribution, geographical factors influencing
them, and their relationship with the environment. It focuses on case studies of award-winning wooden
nurseries, kindergartens, and childcare centers from the Kids Design Award. This study looks at
woodification's unique features, such as architecture, teaching methods, and location. ArcGIS Pro
was used to compare population and land use data. 171 woodification cases were found, mainly in
densely populated areas. The Kanto region has a strong prevalence of steel or concrete parks in urban
areas, while parks outside cities use wood as the main material.

Keywords: MNIEAREL (woodification), FREIE (nursery school), #hff[E (kindergarten), FRE Z
EHE  (certified child care institution), Z(H J71£ (educational methods)
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The Impact of Digitalization and Location on the Private Secondary School Choice Behavior
During the Covid-19 Pandemic

Yuki BABA*, Hiroyasu I[YANAGI**, Kazushi MATSUO*** and Morito TSUTSUMI****

Abstract The COVID-19 pandemic has also had a profound impact on school choice. However,
quantitative findings on school choice behavior in a pandemic are limited. This study focuses on the
rapid digitization of schools during the pandemic and their location, which relates to the risk of infection
during commuting to school, and aims to clarify the impact of these factors on the choice of private
junior high schools before and after the pandemic. The analysis using data on the choice of schools and
the location of current students revealed that the implementation of online information sessions and the
introduction of ICT devices significantly impacted the number of students who took the entrance exam
after the pandemic. In addition, the results showed that the commuting distance of current students
tended to decrease after the pandemic. These results indicate that the factors affecting school choice

have changed since the pandemic.
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Analysis on the regional difference of the rate of educational service by the nursery schools
certified by Tokyo metropolitan government

Tohru OHBA *

Many unauthorized nursery schools have begun to provide education services such as English teaching
or eurhythmics. This paper aims to analyze the regional quantitative difference of the services in Tokyo.
Dividing the number of nursery schools providing each education service by their total number, we
calculate education service rates in every ward and city. Local Moran’s / shows high concentration of
the rates of English teaching, eurhythmics and the study for elementary school examination in the center
of Tokyo, as well as that of art and Montessori education in the western suburb of Tokyo. It is required
to examine not only increase in the number of nursery schools but also equality of opportunity of the
education.

Keywords: 27 4MEEHT (unauthorized nursery school), F:E#E (English teaching), U k3 v 7
(eurhythmics), €27 v Y — VU #E (Montessori education), ZE[i]H CfHEE (spatial
autocorrelation)
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XHTH j OFE Y — & AORME, X132 O I,
Wi X XETRS § & HTXETA j & O ZE AT &
AT EMEATINOER TH D, ERETIIOE
FE, HXHEFE i & B A I 5 — s O
HXETAS 712 1, ZRPSAOHXETAIZ 0 252 %
BRELE LT,

ZE8R153HT Y 7 N 7 =7 GeoDa (Anselin et al, 2006)
NN S .ﬁﬁ@ﬁ%%%9@kfé%/r
Hrm e ab— g TROZE p EIC
T, R ERET 5.

local Moran’s I #at EDENETH D L XX, 5D
T XETR OZE Y — & A DR EIL O THIXETAF
DFNEFELIL TS Z & %, local Moran’s I il &
®ﬁ#ﬁfhékéiﬁwam&w RN

LI, BEY—E RORMIRPFH LD HRE <,
J%mkiﬂ&txw\éHgmthGﬂD,¥ﬁﬁ:@%d\
&<, B EELL TS Low-Low (LL), “FH X
D H/hEL, JEDEFE L W5 Low-High (LH),
WXL b REL, JELEHELTWD High-Low
(HL) (ZHXEIA 250005 Z &N TE 5.
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3. SR
EFV—EADORNZ, HH, LL, LH, HL O [XHT

#E2X 1 1277, local Moran’s I #EEH&R23 E /KU

5% THRE CTHDHXATAOAK 1 IZ7R Lz, 5555

B ORMEIZOWTTRAEAXEITEXIZLH Th 5.

TAUE, SRR O TR X O R4 (0.20) ROVLH
X OFEMEHE (0.34) D3 ELEAUR NS DD, [ XA BEHE
55 R X O FRESR (0.75) RPEX DAL (0.74) 23
W EIZR D, 2 < ORERRER B ETIIA &
ZHTEHO T XETHR RIZ R > T Zpunann, FRH

p=(y

R

TUT v —UHE

>

I

GISA & IAG'i 2023

XZETeHRIX, PEXEL OO T, REEHE
DRPEEZITRTVEBZLND.

U b2 v 7 HEORMERIZONT, TREK, &
KX, JTHXIFIHH THDH. ZNHOXDY FI v
7 BB OfRMRIL, BEXE L bigEny. £z, b
EAEZ BRE ORMERIZONT S, TAAHXIE HL
Thsd. 2FY, HLOTREAKTIE, U FIv”
B & INFISZ BB ORRMEERN L HITE.

—J5, A - WREE ORMERIC OV T ZERA
HH, €27 v YV — VU ZEH ORMRIZ OV T/NERN

VNI v I HE

iy

»

Not Significant
High —High
Low — Low
Low — High
High — Low

Han

1 HEYV—ERAORMERIZEE T 5 local Moran’s I Fiat & L 5 1 XATAS o> #i X FEHY
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HL Thbd. ZDO L2, HEAOTEHIZEBNT, &
B« ERHE LT vV — U HEORBEROE N
H 2N & % .

4, B

local Moran’s I #t &t (C X 50T ORGSR, HHERRE
AERB TS 2 BE — B R THUIR 22 R 0 23
sl S nie. ¥GE, U NI v, INEREZBREE O
LT DIRBERTITENDICER L, Rl - EREE &
BT v Y=V EEEZRUT DRE IR O—E
IZEFE LTV A,

JiE, UM v r, INEREBROBEY—EAD
L EAREORTZIT L ENELSTHDH DI,
HOLIZES LTWD 0y, #2855 £ 7213l #o
R E T HREETDOIRETHA . LD
HPRBEIUSNOLE TINDDOHEE— X% 1T
52 LT TS - ThH, B TL biTil I
AT 28R H 5.

REIOEOFTRRENEATZZ L, Fllaa )T A
VA DFEGYER THAEBNBD L TnWDHZ x5 %
5L, HEV—EAORMZ L HREFTOAFIRD
BEHPFIISH LIS ThAH Y. REOEOTEIL
20 T, HERSOHEIZHRELEIT DX
EENRIELEEZD.

TXEABIDOIRBEFT OEE Y — & 2 ORIz %2
MBCHER®H D Z L2 ARRITALNIT LIRS, £
DR Y OJFREE TEA LI LTW RV, JRE DB
IS HOPEE L THERENTWD.

HORHSFRRELR B T OED D 72 i KETR 23 8 o 72
Bk OB DEE T — AR Z T 572
{7 C, local Moran’s I ftatsn K& < E#hd 505k
DS, ZOX D RIKEAIC D S, TR OZE
HICEBERLETHD.

F7o, RO XTI OLFHED ST, 7T
EHXHARIER H L. Thbb, £FHIHWH2E
FHNLOTRSCKR E S OEFEWIZL T, SHrfEEN
Wipn. ZORICEE L ETo, (REFOHE Y
—ERADRICEAT HMFFEDERE & LTS T
5.
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Anselin, L., Syabri, I. and Kho, Y. (2006) GeoDa: An
introduction to spatial data analysis. Geographical
Analysis, 38(1), 5-22.

T HRPER 5 (2010) fisk CIREFHI KR X 722, #HE
MIE Y ORFIG By, DETIRFERT ], 6296
(2010-11-27), 54-55.
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Development of Time-Series Pattern Clustering Method Using 1 km Grid Population Data

Huang Chenan*, Narumasa Tsutsumida**

Abstract The COVID-19 pandemic has constrained urban activities. Clustering approaches offer insights
into shifts in population distribution patterns during the pandemic. However, using existing clustering
algorithms, such as Dynamic Time Warping (DTW) or simple k-medoids, on time-series data can lead to
local optimal solutions, highlighting the need for enhanced accuracy. In this study, we introduce a -
medoids method that integrates DTW, which measures the similarity of time-series data, with the Whale
Optimization Algorithm (WOA) to search for the global optimal solution. As a case study, we employed
the WOA-DTW-kMedoids algorithm on monthly 1 km grid population data from the Greater Tokyo Area
(encompassing Tokyo, Kanagawa, Saitama, and Chiba Prefectures) spanning 2019 to 2021. The results
demonstrated superior accuracy compared to other methods, particularly in terms of distinct cluster
aggregation. Our approach effectively addresses the local optimization challenge inherent in DTW-

kMedoids.

Keywords: COVID-19, Dynamic Time Warping, Whale Optimization Algorithm, k-medoids

1. [FL®HIZ

2019 A COVID-19 A3 gt S AV CLARE, aam -
(ZPE D ATHENHIRRAS AN 2 D HEIZRE < EBE KITL
7o, BEZ, BARTIZ20204E4 ANSLREFEES
DFED I, [TEIEEIFEINIZT2D, A2 DB
TR ST R F — Bk LT, BfE, VU F
VEERRE OBEINZ O T, A% I1X COVID-19 & 47
?5TX%3DTHA ST 2 XX DD,
I L=V X NT f AB AR
ﬁ,AD%$%ﬁﬁéﬂmﬂ%ﬂL@&%z%n
%. £ZT, RA hagHsofliRHOsH 0 )
EBEZDTOITE, aa B o288 Y —
DAL IR SRR T 2 L B8R H 5.

BEh 2 — 2 DBALD X 9 B RANT — X & E
#T 550, FEEEbTcE 27 722 T

-
=

FiEEANLZEREZLLND. ZOFT,
Dynamic Time Warping (DTW) % IV 7= k-medoids
(DTW-kMedoids) (35%72 % BER 57— & [ ORA(L

EEANTEL70, KAWL TE . filx
I%, Chenetal. (2017) I%, DTW-kMedoids {Z & ¥ —

WO DOEET — 2% TAZ) T HT &
T, #THERE= Y T A2 E LT,
(2019) 1%, DTW-kMedoids % F\V>C— 4 A O
DHEE N =250 L, HMOES % TRl L
7=.
DTW-kMedoids (%, WFR5I7T — & OZBCReE
FOFEHICIZ D Z ENTE D120, KRS T —
I L7z k-medoids KV ENTWVWD EE X B
TW5a. L7235, DTW-kMedoids i34 k-means
DEIRFLEAR—=AD T FTAZ Y T T NI Y X

Nakagawa et al.

%

E-

Bt ERFRF e T2 988 (Saitama University)
T 338 8570 i%az/Lm STz R RALR 255
PEHAREL B ERTFRFGEE T 2988 (Saitama University)

Mail : huang.c.462@ms.saitama-u.ac.jp
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LATHY, PIIFLROBIITIKFT 2720, Rt
Bt ARzl 0 o9 & D FREEDY B 2 (Sinaga and
Yang, 2020). ZDOfERFED—oL LT, EWOREN
DITEN 2Ll L T et 7 v 3 Y R ADEANE 2
b1 b (Yangetal., 2018). 2D X 5 Zpfd b7 L=
U XL, BN RRMIERIZ LY, WIS A 5
AL, f%&iﬁ?ﬂﬂ;wf’ﬁf@ﬁ(fﬁ‘jﬂ"]ﬂi@ﬁﬁ:%%ﬁ%ﬁﬂ‘é
ZENTE B, BlZIE, Yangetal. (2018) I
Artificial Bee Colony (ABC) 7 /L2 X A% DTW-
kMedoids (23 A L, KRBT i 22 98Dl &
BRI HZENTEHEHEL TS, L,
ABC 7V F Y X LFLHED /T A—H DFLTED o
EThHY, ZHPHBEOBM LR vRetEnd
5.

Z 2T, ABIETIE, ZHETITHRFENTHAR
VT e FiE S LT, B bATE) 2 B L 72
Whale Optimization Algorithm (WOA) % DTW-
kMedoids |23 A L 72 WOA-DTW-kMedoids % #2559
%. WOA IH D 7 /L= U X AIHAT, X
TA=EPYIRL, PEENEG TH D &V )RR
bHbH. ARTIH, kmedoids, DTW-kMedoids & O
RElti Ak E 2, #¥—RAAFFT 1 L LT, HBICE
Sz 1 km A v 2 BENA T — 212 WOA-
DTW-kMedoids ZJ#E 4% Z & T, 201945 2021
FIZBT 2 2o THEHHO N2 OB 8/ S7 — > %]
B4 5.

2. IRFE

DTW-kMedoids 23R AT BRI fa D L3 v & D
A SRS D72, AAFZETIE, WOA 7 /L=
A I & DTW-kMedoids # #4108 72 WOA-DTW-
kMedoids ##£459 5. Lk, ZhEhoFiEER
HT 5.

2.1. Dynamic Time Warping (DTW)

DTW | % Sakoe and Chiba (1978) |2 & » THE I
7ok R T — 2 W OBELER N FETHS. DTW
TIET =X DOEY U T IN RN L THIESED 2
LINTE DD, B RESORERSIT — % OB
EEREETLZEnTED (K1),

LT, M1IZART LD REERI X=

GISA & IAG'i 2023

b Xy) EY =L Yo Vi V) O
DTW BEREA R 2 k43, 2 2 THRERA X,
Y OEFEHERT o, mITRRIEH TH->TH X
Uy,

1. BR3P UIAVEERTIRRFIT—FX, YLzt 5
Dynamic Time Warping(DTW)i& i D&

T, RDKY, x .,y WOWEHEd(x;,y;) Znx
m OEEEITHI DS Mat(i,j) &5 :
{ Mat(i,j) = d(xl-, yj)
d(x, ;) = (i — ;)"
Iz, R E Y, HEEETHI OB EFETE 2
(&Y ThoMREEZHE L, DTW IHBEE 3 2.

(1

{ Matpry (i —1,j)
Dprw = Mat(i,j) + min< Matpp, (i,j — 1) (2)
Matpry(i—1,j— 1)

Z 2T, DprwlE X OFEAMNG i FHH E TOER
L, Y OIEBEND j FH ETOEFED DTW 4
R

7238, DTW OFEHEE & FATHFR 2 [0 ESE 5720
2, VA4 RUSA XEBMTL5HNARETHD.
U4y RUYARENE, x DY OERINTy; A
X OBERITKIS AR R KRB TH L. FlxiX, v
4 RO A X% w & LIESED x5 1 [Yiew View)
HIHOT —Z DHEXIETE .

2.2. DTW-kMedoids

k-medoids (X7 7 A X NDT — X mDOHF LD
REM7Z2 A (medoid) 7 7 AZ D& L TiER
T5. DTW &3, 7 —Z OFEEORIEIZHS<
EWVWIHHEERELTWDIZY, mMFXXLHEAED
TR END. BANRFIRITROEY TH D -



A7 1 T2y "L EEOT — 2 &%k
W, WD AL HRLEEFRTDH.

AT T2 KT —HEEDOT TALZFLED
DTW BEfZ 3R L, &7 — ¥ & RkbiiVWI 7 A%
HLETE T 57 7 AZIZEID ¥ TH,

RT3 KT T AZNT DTW HEEOAFTN
BN DT =R E /T2 T AL E L THEHT
T5.

AT T4 7T AZRLBEFHFINRL 2D
FT, VR EINTATL—a VRICET S
FTC, AT v 72 L 3EKEMICETTH.

2.3. Whale Optimization Algorithm (WOA)

WOA (% Mirjalili and Lewis (2016) {2 & > TR S
Nkt FECTH D, [RXTLFRy b 74
—T 4 T WD RO BN DA TE (X
—U AL T Y, BN O K~ & IR E
WIC EF LAad bz CEY 2 2D, il
BT DHITEF—2ThD. WOA TIX - ODTH)

W2k, "Ry N T =T T ERBTS.

23.1. BEHaHETITE

HATER SN DKEEE thee & L, LEOEHOD
5 b, BEE t THEMOMEICNDiEE X () &9
%, PO G D T T CALE 2 B 5.

B-D
(3-2)

(t+1)=X(t)—A-D

X(t+1
D =|C-X*(t) - X(v)|

=T, X 3B St TOHDEHOMETH
D 132 Ofii & S O BN Bl & OEEECH

n,
5. ABIOCIHMREANZ "L THY, RDED
IZEFRSND ¢
A=2d-7-ad (4-1)
a:z-z(t ) (4-2)
tmax
C=2-7 (4-3)

T, FIE[0A] DT L H AR Y L TH
5. RE-DTAOHFIZdIC L > TRESND. d
X2 25 0 £ THIBICHO T 570, A OfEFHIE
[—2,2] £72%. WOA TiE, A OfFHMN [-1,1] D%
BOF, B OET 2ITEAITY . iU, B
TEMN A3 TS W IR O S BATEN 2175 L\
) AERBEIBIERICHIE LTS, 618, TV H A

GISA & IAG'i 2023

N7 MV EHWDZ LIZLY, YERZEMN T &
O OEBIEICEET D 2 ENAERICR 5.
2.3.2. EHRRICBENT 51TH)

BEDNHE 24 © 25 12 O\ THBFEIR IS R4 51T
RS 5700, RAELLTIORT

X(t+1)=D"e? - cos(2nl) + X*(¢)
D" = [X(t) - X()|

D IR L L O CH S, bITEKTHY,
RIBIEER 2 €T 5. X [-1,1] o#ETT
LRSS,

0B, WITEMEIFLYE, WHERICEE) LR
S AT, RO oDTFEINTHhNS.
EDI, TUHLRMERp ZHWTRO6)D X9
IZFEITSNS.

G-D
(5-2)

Xt+1)=X()-4-D ifp <05
{)?(t +1)=D7-eb - cos(2nl) + X*(t) ifp =05
233. EBYHEERTITE
SROITENIE ITEMIZI D D 7210 Tlidze <, %R
EEHDLEATNSD. WOA T1< |4 <2 DBa,
SENEM R T X DTRR T DATE AR 5. 2
DOWE, 5 X (t) 13 LT B 5 X7 (6) D B
N, KVIREREREIT .

X(t+1)=Xqna(t) —A-D (7-1)
D=|C:Xana® — X(®)| (7-2)

TITC, Xegna(®) ZEEREN S T 2 NSRS
MBIt DRRONE 2 3%

WOA (INTNNRy b T4 —FT 4 T HBELT
SIS 2 FECRAE L, oA TE 2w
U TMBRZEMERERRT 5. 207D, fEbi
BIZ B W TR R i 2 R T &, BT RT
F = AL D LW STV % (Nasir and
Khiyabani, 2018) .

2.4. WOA-DTW-kMedoids (ZRFE)

BE A7 WF 72 1%, WOA I Nasiri and Khiyabani
(2018) 12 &> T k-means (2 S, L&D
RE(LEBLE T TAX ) T OREEZN EXET.
ARWFFE CTHZET 5 TIEIE, WOA DOIRFRHES) %1% A
L, DTW-kMedoids 73Tzl ) <09 i
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(XD Z & T, WERIIT —HITT 57 T RS
Vv 7ok Ea BT BARRZRFIRZX 2 O
WY THD.

27w
NoA=F8E

27w 7T2
ML

No

17L—>av#
£ < fas

Yes

v v
27w73
BYHOWS

DTW-kMedoids

27w 4
Bt D ERT

DIAF IV ITRER

X 2. WOA-DTW-kMedoids D7 7 —F ¥ — k

AT w1 T A—HBRE

HINT A —Z LR DO L, 7T A XKk,
%7 7 AZOHFLE ORI DTW il &7 7 A%
WNOI/INT —Z o R ET 5.

AT w72 : ik

HIHIREE (t=0) TIX, H2EX0) 23k HDF
VHE NIRRT T ALy, Cgy ey CGOVALE L TUVND
(X 8).

X(0) = (cy,Cp0 s C) (8)

BB L DT, L O E 72 5 98 0 s
DB EGDOREERFOZ LT D.

AT v 73 BYHORER

GISA & IAG'i 2023

FNENOEFIZKR LT DTW-kMedoids % — & 24T
L, b K&z x>y MEE (Silhouette Index)
D Z R LT ofrE (I DR O AE D,
X)) By OAE LT 5. vy MR s@) 1,
KT —ADBBHOFET L7 FAX EMDT T AH
L ORI AT AL (K9 THhY, 77
ALY TREROBEME T L ARSI THDS.

b(i) —a(i)
max{a(i), b(i)}

ZIT, ad)XTFT—Zi LRI T AZNOMD
T—H EFTOVHHEEECH Y, b()IXT—H i Lk
HILTWVBID T T A B DT RTOT —4 & Ok
ThbD. sO)DFMIE [-1,1] TH Y, HN 1T
NXET TRAZNOT — X BIOERENEL, 7T A
2V T OMEREED LIRSS,

AT v 74 GFREOREH

WOA ZFEITL, NTNLRy KT 4—T 47
CHEWERIITEIZE L C, TNENOEONLE E
HHT 5.

AT w75 : DTW-kMedoids D EfT

AT v T 3EART T 4 Ftp MV L, b
RERINT Y MEEOEEZ R LT BOALE % fE
R OMAE DR LTS, ZREHWTHE
& DTW-kMedoids #%EATL, 77 AX U T ORER
21535.

WOA-DTW-kMedoids 1%, KK Bt 7 )3
DR ERERT D720, DTW-kMedoids C D J= T i
FRIZIE 2 FREICR AL TE D LB DD,

s(i) = C)

3. WEAOT—2~ODEMA

E A w@A D R 5 —# =R GRS, &)l
B SRR, TER) © 1km A vy aBlOEA
0 — Z 2% L T kmedoids, DTW-kMedoids,
WOA-DTW-kMedoids Z M L, /L= MREKIZ
FOREEZRGELT. 7o, T X=X TAH
¥k % 3, WOA-DTW-kMedoids D fg/N7 7 A 4 H
L DTW B 100, &7 7 A% OFT —2%¥% 1000,
DTW-kMedoids D/XT A —XThHDHU 4 N7 A
A% 1, WOA-DTW-kMedoids DfED#EL % 30 &
L7z.
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31. ¥—%

lkm A v ¥ aBlEA DT — X121, 4 DOREfH]
o CEHERM - EHEE - IRAERM - IRBTRK) O
HEHMED 1 km A v oo ZEICEMES TV,
B 11:00~14:00, &L 1:00~4:00 & EFK I T
W5, AR CIRIRE R UMK H OFRENA N XFREE D%
AT (RS, i) ARV TR OND &4
EL, FHERMOARZMR Lz, S5IHIE, 2019
F1HAMPB22IFE 12 AFETEL, = >0WE %
ET D :

1) FLanF# (2019 4E 1 H~2019 £ 12 A)

2) ISR (2020 42 1 A~2020 4 12 )

3) % (2021 41 H~2021 412 A)
¥, I TR Nx OBE) S — DAL
ERET DO, FAvvallBilbs7vanst
Mo 12 » ASEICKR L, e dmaigiicsis s
A% OIENAZEEZ (X 10) [ZTHRET 2.
TEA OZ b = = 2 F R« BHIFTEAN 07—

— Lo HEEA LT —5 D12 + HFE (10)
BB, 42y 2lCH L, = e o e
WBEONx OBEZ — L OEIE, ThER
12 fHDT — 2 AEFFOR RS T — 4 & L TR,
HA vy ald—r AOWEANIEMEEZ R L TV 5.
B, KOWTIE, 2 >OBHOTFT—4%% 1 >0
T—4Yy hEL, REHZZ ZAXZ Y 7 LT, o
LY, BIOKHOT—2 Tho THH—M7
7T ALY 7 EEENTGE S, BRI RN
A= LOEGICBETE LIy, 7T R
2V T O—BWNRIEND EMIF L.
32. KER
—HW=IRIZBT D Ax OBEN N2 — DL,
k-medoids, DTW-kMedoids, WOA-DTW-kMedoids {Z
L0, 7RV T BT RLIRT LI,
WOA-DTW-kMedoids /LT v MEBOME TR S
Bnodz. ZHUZ XY WOA-DTW-kMedoids @27 &
AH Y TREE DI AAMENTND Z EHRIB X
n5.

3 12 WOA-DTW-kMedoids |2 k527 T A% 1 >
THER & BRI i AR T, L aa i L g
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BIBRBIFRAEZYTTNIY XA
Ty MEROLE(k=3)

Algorithm k- medoids DTW-kMedoids WOA-DTW-kMedoids
Silhouette Index 0.53 0.54 0.69

L7z =z v e OE R %X 3(a) (2787, Cluster 1
RIS HRERDERERRI AT LT\ 5. 2020463 A
25 5 AN THEN DML, 2 0%
LT 2020 /- 7 AW BIFR A IZLE LT NE — %
LTz, BRI, 2019 4 &l L CHEA D
WL T\ 5. —J5, Cluster 2 (AL LERIIAL
BLTEY, 202043 A0S 5 Ao THEAND
DRI L, Z0%IFD LFSRELEZLOD
2019 A & bR D EITEAN DEEAD LTV 5. #ls
TN EICEEMTHL L 2BETHE, an
THDOET, FRIRAFRE SR (202043 A
~5 H) T, ANxBAODBRBEET DRI O

(Cluster 2) Z®E(S, (FEHEL (Cluster 1) TOD
EER BN L2 ERR IS, X 51Z, Cluster
3OO L TEY, 20194 & il LT
WAEN CRE B LT A bz u.

A== N PN By == 73 U1t N[ ke P
3(b) (27”7, Cluster 1 & Cluster 2 D7 — & FhM /N
L, HRUERLSEOUTA > O Be BRI EL L T A 1H
MBS, ZHUE, oM EEICREL,
B A OBEI~LZbE b6 LTS EE
Zbhs.

4. BbHYI

AL TIE, BERIIT — X BT OFT=72 0 T AKX
U > 7 F¥E, WOA-DTW-kMedoids ##2% L7=. BE
170 DTW-kMedoids |Z bt~ C RIIHAE 0D IR foe it 72
ERFTDHZETHENM ELEZ. 72, WOA-
DTW-kMedoids Z#fifEA T —XIZ#HA L, ar
OB BB O—H# ZIRICH T D5 A2 OBE) ¥
— OB ER LT, au OB L &b
WA LTWD b0, Fox O R FEFIIRA TR
B, B OBEN Y — L BRRECNIEZ TS L
EZxob. Tk, aue e fFET oA ha
2 FRHAOBITERIE L TS EEZD.
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Clusters Clusters

Cluster 1 Cluster 1
Cluster 2 Cluster 2

Cluster 3 Cluster 3

The change of floating poputatios
The change of floating population

' Time(2020101.2020/12) P ) . ‘ ‘ ) * 7 rimeoziion202112)
4. —HZRITBIT BN OBBI R F— DOE

(a):2 2 FHRAETH (20204R) DZAL; (b): 2 RS (20214) OZEfk
BiR B A v Y20 OBEANTILE ; F#f : K527 5 22 OFLME

BEXH Mirjalili S, Lewis A. The whale optimization algorithm.
Chen Y, Liu X, Li X, et al. Delineating urban functional Advances in engineering software, 2016, 95: 51-67.
areas with building-level social media data: A dynamic Nasiri J, Khiyabani F M. A whale optimization algorithm
time warping (DTW) distance based k-medoids method. (WOA) approach for clustering. Cogent Mathematics &
Landscape and Urban Planning, 2017, 160: 48-60. Statistics, 2018, 5(1): 1483565.
Nakagawa K, Imamura M, Yoshida K. Stock price Sinaga K P, Yang M S. Unsupervised K-means clustering
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EREBHRONDBELSMEZHE T IRCHERER A v ¥ 2 k¥
— FHERIZEIT B 250m, 500m, 1km X v ¥ =2 AAT—F R/ RIT —

SHAE - FREE " - BHET "

Appropriate Grid Square for aggregating population density to make its histogram
- Case study on 250 meters, 500 meters and 1 km Grid Square population data for Chiba prefecture -

Koko Yoshida*, Akihiro Teraki**, Hiroyuki Usui***

Population density distribution is essential for understanding its mode and range and their comparison
among different administrative districts (e.g. cities). Making a series of histograms is the first step for
doing so, however, urban planners and practitioners face the same following question: what is the
appropriate spatial unit (e.g., 250 meters, 500 meters and 1km Grid Square) for aggregating population
density? To this end, we develop a method for determining the appropriate Grid Square size for making
histograms of population density based on computing the Akaike Information Criterion (AIC). Results of
empirical case study in Chiba prefecture show that histograms based on 1km Grid Square is the best model

of population density distribution.

Keywords: 2 v ¥ = 5 — % (Grid Square Statistics) , A 1% & (population density) , AIC
(Akaike Information Criterion) , 2% (chiba prefecture)
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Extraction of local areas of deviation from the overall trend for each quartile

Kenya Aoki*, Ryo Inoue**

In order to extract localized areas that deviate from the overall trend, a regression model with dummy
variables for each subregion has been studied. We have examined a method that introduces generalized
lasso to the model, which sets a regularization term for the difference between the parameters of adjacent
subregions. However, the generalized regression model estimates the parameters of the explanatory
variables that represent the conditional mean of the explained variable, and often fails to explain the
effects of the explanatory variables on the explained variable away from the conditional mean. This study
proposes a new method that combines quantile regression and generalized lasso in order to extract regions
with characteristics that differ from the overall trend for each quantile. To validate its effectiveness, we
applied this approach to rental housing data in the five central wards of Tokyo. The results showed that
the neighborhoods where rent levels deviated from the overall trend in the analyzed area were different by
quantiles.

Keywords: Hiulg /7y #7 (regional analysis), 43z si[5]J7 (conditional quantile regression), generalized
lasso
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HLEZOHTT 7a—F1%, SHICRRHEEIZE OLS 1%, FHEHA 5 2 7= & & OFLMAHEE %
DREL 2FEFICHBETE D, 1o0%, S5 RINTA—ZEHEL, SAEED I ZEE
I PN T 22 R BLGR O A= Rl R 203 3o Y 7 28 AL A RUE (52 DR B L T D, £D72)
L7 ©, & o MR E Bk AR B R & < Bl 72 30 2 B o H e B
(Geographically ~ Weighted  Regression, GWR) NG 2 5 BILHW T & (Koenker &
(Brunsdon et al., 1998; Fotheringham et al., 1998, 2002) Bassett, 1978). J72i> 5, OLS (233 < ot Fik
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TIE, A EHE L TR BRI T IR 522
RSB EOREE 2 0T 5 2 LITTE 220,

I T, A 2 2RAE O EEE
O3 N0 A B REA T & B S MR & A R A R

(Conditional Quantile Regression, CQR) (Koenker et al.,

2001) Z4EH] L7z ZE M) SEENE D T FIEDIRE S
nNTWa. #ilziX, Chenetal (2012) i%, Hfir7e
72 B2 RE LT T, GWR & CQR %
A L 7= B BRI & 43 7 45 Bl (Geographically
Weighted Quantile Regression, GWQR) % #2% L 7=.
LL, FEEDZEMBEN CRERMICZERBIS D &
BOBFEN AT D Z L AE LT, R EEZE
U 7 2[R BB E AT IR RRm S AU TR0,

Z ZCAMEIE, CQR & GL ZREIA L, i
FENZ A3 AT R SR BRI R O A > © TEBE L 72 R ETHY
IRHIR A T E D FIEERRET D,

LURICAGR SC O 2~ 4. % 2 = TlE, COR
& GL Z#P/r9%. % 3 TIE, CQR & GL %l
AL FIEEREL, TONTA—FHE
MZIRT 5. 8 4 BT, HRHE#HL 5 X0
HLEFEEOHEERT -2 2 M T, BEFIED
A E R T 5. & 5 ETIL. AMFEOMRE
EELL, S%ROMMEERRD.

2. SWF&
2.1. SALEIENF (CQR)

WHEOEUFSHTIE, SHEREY 5272 BT, #%
LA O SUAERIEE R T ST A — X EHEE
T 5. ZhITx LT CQR X, #EaiHIZEE D &IEAf
L E RTNT A—F BHET DH. CQR I,
Bk % 72 0 VL RIS RIS L7278 A — Z HETE DS FTREIC
25T TR, WHHEROANEIZK LTS
TERE I HEEM A HD Z ENTED.

CQR D#HM DRI, M EHIT 5. YE2R
T4 A B F, (y) = P(Y < y)ICHE D FeRAE S L
5 &, YO (r € (0,1)) 1

qy(t) = Fy' (1) = infy: F, () = 7} ¢))
ThHzbn5., 22T, #HERB#p,O0ZLLTDOR
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TEFEL (K1),

(2)

U ifu=0
pf(u)z{(‘r—l)u ifu<o

pe(¥ — MY DI FIMET 2 A R
min E (p. (Y —m))
=qp[&—4J£zw—n0w§@) @
v - maro)|

R L, YO hiEkgy (D) E LS.
RE)Oftmix, RE)OADEM TS L7 b0
NOL72bEE L THELND.

0=(1—ﬂfzd600—r£:ﬂ§@) @
INEEHTS L,

Fy(m) = 1 5)

LAY, RIEYOUSE TS T AR TE 5.

CQR TliE, SHAEEKXMNE 2 LITZFFOY &
BIELO x(1) = XBOEBLL, <5 A —4 paifeEs
. Z ORI ML

mﬁin;pf(n —XB) 6)
ERC L THBRD.

S I, BN R Ay, BT
EX, BHES 1 EIIH00E SnOSRs Lh
NERL, 0,555, £, BRAFAOSS b1
BB u, vEANWT, EONRTA—X%EBT, AD
INTGA—B =B, T A—F %R — B TFL,

pr(1)

u

1 HEBEEp, (W) DB

- F2-03 -



F2-03

FERIZ, [EDO#REZu, ADBEZvE L, REL
u—vTHETE, RE)TRMICEEXHRmL SN,
ﬂ*r,}i'li‘r,lu.v
sst. y—-XPBr-B)=u-v (7
BY.B~=0,uv >0y
TR ORI T 237 A — 2 HEEIX, ED
AAAulC L Cr, ADBRE—vIZXLT T-1)D
AT EITo72, ZORFOE/MEEE £
%. WEFERE TS 2RT)IE, Y7Ly s A
IEPWRIE TR 5.
22. RIN—RETFTYY
2.2.1. Lasso
INRTRA—EIRENET LV ERAND L, T—H~
OIS T, REOT — & ixt3 2Lk
RBMETT 5.
7 & B T2 OISRk & 22 TR D R
ZPD—>TdH 5 lasso (Tibshirani, 1996) %, #j[E]
I ORI L ERMEIR A N 2 7o #EE A48 L T
BRI, BIBERE T VO THKEE & iR
AREME A ) LS T FETH D
Lasso Tli, #atZEE~2 by, ST
FIX, RTA—=HXY FILB, fRERT hrer H
WTRENDBEERET IV
y=XB+e 9
Wt LC, LT oREbMELZ S, T2 —4
EHEET D

2
%z <J’i - Zﬁjxij> + 2 Z 181 (10)

iEN jej jeJ

lyu+ (1 -1)1v

min
B

ZIT, NIV UIAEOEE, JITEHEROE
ArEET. 72, RKAODOUINA R—=RTF A —H
EREIEAL, ZOMENRKREIVIE EHKI A TR @ X,
BRICHEINDNT A= RNEL D, ZOX
O I LA R 2 L TRT A= R Ea i
ESINRT R, R ELEIREZITO 2 L
DA[BEIC 72 5.

2.2.2. Generalized lasso (GL)

GL (Tibshirani & Taylor, 2011) %, /X7 A —&|Z

ZOBBILEFEE LI TEY
NTCTET=.
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BEEERATR A 3R E LTz BT, BT A —X DEIC
%t B L EAHEZE A L7, lasso DIEEFIETH
. 2 FEOEANLIEIC S 2 EAZRT A
—INT A =B HQ, Ay, BET D537 A — 2 O/
AOEOEEGEZELT DL, GLIZKAHEEIZLLT
D EALIE TRE 2.

DY H VYT —ﬂbll

jel (a,b)EE
% 3WHOIEAMKIZ LY, BET LT A —F D%
NI, TRbLEET 237 X =23 @0
ECHE ShT < e b,

GL 1337 A —Z ORHERR A ZHRICRETE D
728, HESHICHIGH SN TWD . HIEHEALIC
BT DT A =2 &3 E LZEmET VTR LT,
HidE o BEHEBAAR IC FE S W TR T A — & OB AR
EEE Lot Tnd  (GF EiZahy, 2020).
23. CQRERI—RETYVIDRE

CQR IZK L TH, EHMLIEZ TG L TEHGERR
AT O FEICET DM TR TW D (B 21T,
Wu & Liu, 2009). CQR & lasso # @& L7=E T /i

“,‘;irn ZPT (% - Zﬁfﬂj) + AZlﬁfl

iEN jeJ I3

(12)

THRYE, FICWI)ITHEEHZ DL ENTE D,

[i+,r;;li¥1u,v lyu+ (1 -1)1v

sit. y=XB*—-B )=u-—-v
LB +B)<s

BB~ =0, u,v=>0y

(13)

723, Wu & Liu (2009) (%, CQR (Z SCAD (Fan et
al., 2001) < adaptive-lasso (Zou, 2006) ¢ 1FHI{L.IE %
5 U2 BHBORRFIEL R LTV D.

3. BEFE
RETIE, SN EEITOHr RGO o i & i
BiapbEmERF o252 FELE LT,
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CQR & GL #ftE LT VEIRETDH. CQRD
HRBIHC GL DS < L EANE 2 B AT 5 =
LT, HRDRT A= AR 0 LY, —EBORE
PTG A i S ISEAE & AR BHETE B, SRR R
T 5.
REFIRITL F OB METR SN, tHRA
TORG A— BT NERHFET S,

n};itn lz Pr <J/i - Z ﬁjrxij>

iEN jeJ

(14)
I HE R e

JjEJ (a,b)EE

% 1T CQR DA TH L. H 2T /T R
— 2T DL EANRIET, NI A= ric
HeESINLT <225, 5 3 THITMHERRICH 5 3
T A—=HZ DT DL EANLET, BT 58
TA—HANRRELMEE LTHESLSLT 5.
Ay, 1E 2 FEO FANLEO B A Z R A 73—8
TA—ZTHS.

K1) D IEAHEIE A2 Hlf Rk 3 &, K@)
EExHfzHND.

BW_,ng;rr‘lo_,u,v lyu+ (1 —-1)1yv

sit. y—XBt*-B)=u—-v
1,B*+B)<s
D(B*—p)=6"—-6"
1,07 +0) <t
BY,B~=0,0%,07 >0, uv=0y

(15)

ZIT, s tEERENALA ERET DA N
NI A—=RT, HE/NSL T D EHK»RL X,

NI A—ZNRErIZHEINCT <D, DIEX

T A =X ORGSR E KRBT 5] x K175, 0%,0
ITEHENIEFADORY LT, 0TILEME, —07 1A

1. HE LR L MR DRI %K

EDOREHENT A =2 DEZRT.

Rd, R(14) DAy, L, PR (15) Ds, t

HMENDD.

TEANZR D
INAR—=IRFT A —RDHF/EIZL -

TETNLVOHTEHENELT D70, KT

ETNOTRMERFTMEE CHIBEHRERED
WEI7RET VAR 5, CQR IZE

BIC Z T

% BICIZLL T TER S5 (Lee etal., 2014).

ieEN

ZIT, kIFIEP T A — 2O EFRT.
INA IS—= R T A — B K T A
ol TTIVEERT .

BIC Dfix b & 1T
TREL, BIC Mg/

4. REFEOERT—E2~DIGHA

o (z "

BIC(x) =

Vi— Z B xij

)) log(N) (16)
Jj€J

ZD

41. T—RESTETIL

ARENL, #E

EFNEBELSFEOEEETE T —

BHL, TORMELZHERT LS. ERKER

JED I & B 7 % /NSRS AFAE T D A 0T D

7=,
BT T H&EIZ
ETD.

%Eﬁ%ﬁTW§ﬁE@%#%
— B R E LI ERE T LV & e
Sy LS A O ERHE % B IR FTE AR 00 3E 2,

HTT B0 EEKEDENZ DT 5.

SN, HORERER.L 5 X
BEIX, FifEX, BAKX) OEAEEOREGE T
— % 35801 f (7 v bk— 2B E4E,

(FARHX, HRIX,

T %. A7 —2 OMEEZR 1ITRT. 1ndY

=0 &k (LR,
B F 0 BUE TOEBREH S,
¥, HAWME, FEKO 4 FEOWIERBIEO R
AMHER LTS, Ik,

AL L,

FORHHAIG & FEY) O Ek A g
PTERE

FAELNZIXMED 0 OF

K N e KA M FEHE (R 22
ERHEAR (F/nd) 320.36 76097.56 4249.64 1079.95
A 0 BRE COMESRER (47) 1 34 5.33 2.98
FUEEL () 0 35 16.48 8.73
P ERE (F) 1 58 6.13 6.04
HAmRE (o) 10 343.54 37.68 23.01
4
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FTARTUZ 1 &L TREE L.
Flo, KNTA=ZITKT D ERANLIE D 2% % [F]
=T D0, MEEBZOMITIEMEZFY 0,

THCLICER L LT,

—i%, ITHZI—%2bRr\ET

MZE D B0% LR DOHEE T, FRADHT T BED
SEHED B/ NORT T B 2 B ICERE L.
Wi o BB O % 5y, 2R3 E 7V &2 (17)

TET.

yi=a'+ Zfoij + Z Yidi + &

jEJ kek

17)

tﬁb,ni4o®%@ﬁﬁ@ﬂﬁfw&®%é

X505 T THOEAEET. £72, a'ldr

k?émﬁ%

DINT A—=F yridemo sl

SAK A

, BTN T D Wk R L)

Ry DRT A—H, IIREATHD.

NZ¥E 35,801 fH DES

BILETTHED X

, LRSS0 T H T

1302 fﬁ@% ’ /\/])/\*‘/\77(%57%/11,/12&#

L AHEEIIRA8) THRES.

1 ) Il + 2 Y E il

&, ETFTIEIZ
min
aT BT yT

kex

AR T A )

TN EITH> 7=,

MWEMERT D7

(a,b)€EL

2pf<yz—a —Zﬁ,xu Zn lk>
jEJ keK (18)

SR OEBOER LR T D
728, T=1[0.1, 0.25, 0.5, 0.75, 0.9] 5 DD/ 5
F72, COR IZESL oHroH A

O, AT S EEEISHT D

A

BR OB L GL THEE L, MEFILELUEKRTS.

728, Ly EHHEIIZ T X — 2 OfaxHE o K x
SICEADLLTEIHINE LV E W HEE o729,
lasso (2 K D HEEMEILE 2 (2D < T A
EIRDO—F RN & RFIHALT
2001). Z OMEIX GL I K D HEE
TH, BEEAT A—FBOEP/NES SR TIC
ERT 2720, HEEMEIZEDWZRITED) <k
WZ ENERENTWS (Jing et al., 2018). £ Z T

AL, e
W% (Fan et al.,

AWEZEE, £7,

Bz Ip A IR= R T A =4

T A

=4

AX AR

DFT, MEFETHEL, ERETVOBIALE

BOMAEEOBEMESD. KIZ, BOhHAE

BOMEEEHNZET VETT CQR 21T\,

BIC l/NDET V& ALA TRIRT 5.
SIRTHRE R & B

INA IR—=RF A —H s tDfEZE 10 725 150 £ T 5
TOENENESETRE, 10% 50 R1Es =
30, t =70, 25%%3 /i ids =30, t = 65, 50% 7%y
A7 flLs =40t =80, 75%%3ifilLs = 40, t = 95,
90%43 i Ailds = 45, t = 1150 & X |2 BIC 2AEh
/NI 72 ol LFICWHERIED NT A —%
HEEREIR L, T T HY I —EHONRT X —ZH#fEE
e i
4.2.1. WIEBRYETH T 23T A — 2 HEERE R

YIRS R 32 8T A —Z HEERE R A 2 12
AT BN AL, M HEEME Ch D, B
IZ COR OHEEM, ETFDOEREMNZD 5%
X &S, £, KRS OLS #EEMW, o LT
DRI D 95% 5 FEIX f & 2.

B B E TORBSIFH OFE (K 2-(b) |
FTRTOGNRTRICHE SN, KFVRET
DFESRE DS BRI 5 2 2 81X, BIZ3Y
HEERENWZ EZRT. Lo, thomitEtk
0 bHEEMA 0 1T, BEREMICE 2 D8
ITh &,

FHEHOKE (K 2-c) 1%, TXTOHRT
AN, SMLAEIIZ LD EWVII/NE L, i - EE
R CRERENIRN EERT.

FITERE DR (K 2-(d) 1%, TXTOHALRT

EICHEE SR, BN TIEEERKREL, &
ST E W L 5 KU, FTTERSIC
BEOEWN NI VERRIKE~ v 3 UL
FAELTWS GFEIED, 2020). 2002 & 23k
S, B CIEFTER O ERH M IC 5 2 5 5%
BPNNELS o TWDHARERH D, £, @y
LR DT, @@ O A DR HEED,
KN DO HT T, KEREOWIFEIC A b T
ENSINTWDAREMEN® 5.
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8.201
8.10 -0.016
0 05 1 0 05 1
AR A
(a) EHIH (b) H&FVRE COEAREH
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(e) A THIFH

2 WEEPED /T A — 2 HEERE R
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TRIHEE S RO TIIREBIRE <, MR DI L ard.
BN TN S W, B2t L By, RSy b X oic, EREAMICE 2 228K
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& R LR TR DB EET D 2 &0
Folo. 1FE A EOYIERIETIE, mafiRIC
AL SR D FF 03 78T A — 2 4 TEAE O et i A3
K&, ERHEMICG 2 2BENRKRE NI L 035H
BT

422. BT THY I —EHONRT A —ZHEERER

Ly 5 KOHFT, ERKHENR R 2> & TRk
L 72 Rz R o il 2 oA s g s+ 2 L &
Hfe L CRELR, -TTHXY I —ZEHD/NTF A —
Z OHEERFREZR 31T, K OMEH T HulskiX
@ s LCHEE SN2 £, T _To4
AT, TAVE R O H @ H T 2 S, TR
HX O, #HX - BERXOZ% < O/ T JIiTiE
FEX - PREKITAICHES N, L, &
LR CRICHESN, BoMRATRECHESN
To MRN8 2 & D1, Sy C LS O REAM A3 5
ML LR TE . F, HEBORT A
THEE SNToHUIR S, B0 T FTHERR ©
[A] — OIS T AR 23 T 41 T 2 MU A3 4% 5 45 C
RIpDH T L bR S .

TARHE X OVECUR « B4 X 0 R0 Hisk X
HFLEBHIX T, 2%l L CERKEN S
WeTHEIND. FRIZIERIEL, TAKRKRELVX] %
XL ®E LIz KREIES ﬁ%% H%<, AARK -
A7 ED XS e@mikEEERH D, £2, BFE
DD TRARL AT 4 AENIL LW, FiGo
BOWABNEFTLIZY T TEH L. —T, FREK -
e Xix, #O 5 KOPFTIEEEE L ToOAK
THERRN 2 & S S, ERPKHEDME < 72

EZzohb.

L EEICHEER R A R D &, HiE RO KA
3« BABTESIR LS TIXA TR, @ hias
IR DICHONEICHESNTZ. o= TIEHK
DR DV, BESCS KNS LA, xR— L%
SOEMNLHBEIZETHDE LOREL, AR
e TND WD (Hii - 5K, 2018).
D ENmMANLR TOERKAEIC KBRS L, IEIZ
HESN-EEBEZLND.
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5. $HYIC

AT, DAL SR OB S Tl L7
Rz B/l 2 2 Fi5 L LT, CQR &
GL ZRl& L7z ET VARE LTz, /IHUlREIC &

— B E L, CQR OKBIEIZ GL (Xt L
72L EANEIEAZMINT 5 Z & T, O S e
BT RA—=ZREITIN 2 T, JEW sk & B B 4F

AR/ Nz AR EICRETE S,
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DEBEN N RETRRD ZE NP LN T,
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HETHDONRIZ A =2 O%E%E 0 ICHET HZ & T,
BN THTT B LIS SRR EN R 7 5 e %
Mt L7z, #B0 5 KOG AL, HLEBHIX
LZOfMOHIR TRES B L7210 TR, K
MR & @R T, ERtOEMA MmN ERD 2
LW Ino T

gt

B

FEOREELRY. 7, #EFE
1%, COR (2 X o THHMR THIG « FIZ 2R
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Wiz XHI L T DR TIERDENRZET HND.
Bl LR AL R DT T, ke THlm e

=
Wy & AR B CElE 22 R 2k LTS T R
BLRNZ k4 % kil
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7o Lo IEAMEE S A W

EAARE )
H5D.

b RfE — £ 2

% LT X B ATREME NS
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Detecting Heterogeneous Regions in Compositional Data Based on Group Fused MCP

Masato Ishikawa*, Ryo Inoue**

Abstract: Compositional data refers to data representing the proportions of components in a
given subject. The composition obtained for each zone, such as municipality, constitutes a
type of spatial data that experiences varying influences depending on its location. To
understand the regional characteristics, it is significant to capture such regional variations in
compositional data. This study proposes a new method to identify regional clusters that have
common factors influencing composition. Our method sets up an individual parameter vector
for each zone as the first step. Next, we utilize regularization employing the MCP function to
estimate shared parameter vectors for regions that share factors. To illustrate the effectiveness
of our approach, we analyze vote shares by political party.

Keywords: #%7 — % (compositional data), Z-¥—RZEF Y v~ (sparse modeling), %
I B (spatial heterogeneity), MCP 1EHI{t (MCP regularization)
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2010) D IEAMLBIEE w2 2 &ic kY, fl2
TN T A =20 h, KWL CHaEDEIC
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Proposal of road damage data sharing system using two-dimensional maps
and three-dimensional data

Atsushi MURAKAMI*, Yoshihiro YASUMURO**, and Satoshi KUBOTA***

Social infrastructure facilities were intensively developed during the period of rapid economic growth,
and there are approximately 720,000 road bridges in Japan. However, the proportion of these facilities
that are more than 50 years old is expected to increase by 52% by 2029. Local governments are faced
with problems such as manpower and budget shortages, but they still need to maintain and manage many
of these facilities. Therefore, more efficient maintenance management is required by establishing a
maintenance cycle in which records of inspections, diagnoses, and actions taken on road structures are
linked to the next inspection, and preventive maintenance management is implemented. This study
supports the maintenance cycle by centralizing inspection and repair records. We propose a system that
measures damage to road pavement surfaces and structures as 3D point cloud data with excellent moving
images and visual representations, combines this with 3D data such as 2D maps and PLATEAU along
with an overview of the damage, and visualizes it on an infrastructure to manage it on a time axis.

Keywords: JEFHERFEEL (road maintenance) , 3 Rot7 —# (three-dimensional data) ,
AR (inspection), SHET —# (point cloud data), [ A7 A (information system)
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Research on collaboration between BIM and GIS for maintenance management and operation
stages of public rental housing
- Utilizing Spatial Objects and 3D Location Data. This study also includes the development of
an inspection record application designed for tablet terminals. —

Koji Katayama*

Abstract " In many local governments, there's a discernible decline in the number of engineers. This
trend is increasingly coupled with the need to digitize traditional paper and visual records during the
maintenance phase. With these challenges in view, the potential benefits of integrating BIM during the
maintenance, management, and operational phases of public rental housing are receiving considerable
attention. Notably, the majority of these public rental housing units are grouped into larger complexes,
and it's common for municipalities to oversee multiple such establishments. This study explores an
original approach in which each building's maintenance record is seamlessly integrated with a
maintenance-focused BIM system. By leveraging tablets and specialized applications, the process
introduces the simplification of maintenance data management in conjunction with 3D models,
primarily through the updating of records and the assignment of absolute coordinates. This paper
introduces pivotal aspect of our research was the investigation of the potential synergy between BIM,
tailored specifically for the maintenance phase of public rental housing, and GIS, facilitated by the
utilization of absolute coordinates.

Keywords : /A= £ (Public rental housing) ,BIM, GIS, #EFEF{R42(maintenance)
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Land parcel shape analysis using the registry office map at opendata

Kazuto AOKI

Abstract This study analyzes land parcel shapes and land use patterns in Kyoto Kyotanabe City using
open data from the Ministry of Justice's nationwide cadastral map (released in January 2023). It
assesses average land areas by usage, such as estimating farmland and forests at 500-750 square
meters, while high-rises and factories have about 1000 square meters. The research employs the
s-index to understand parcel shapes. It reveals square shapes in low-rise and densely populated areas,
rectangular shapes for farmland and tall structures, complex configurations for forests and wastelands,
and square roads. Triangular land shapes near railways stem from privatization-driven boundary
changes.Color-coded s-index maps highlight insights, showing rectangular shapes around Kizugawa,
residential zones along railway lines, and forested areas. These maps aid urban planning and decisions.
Comparisons between the s-index and land-use data suggest potential for estimating land use by

s-index.

Keywords: %7z i Hi[XI(Registry office map), 4 — ">~ — % (Opendata), X IE 1 (Parcel shapes),

LR (Kyoto prefecture)
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An attempt to build a system for collecting and sharing damage information on wide-area
infrastructures assuming large-scale disasters

Daiki Hayashi*, Toru Shimada**, Tomokazu Ito**, Daiichiro Hori**, Yoshinori Abe**,
Shoichi Yokoyama**, Sayuri Yoshioka**, Daisuke Kudo**, Akiko Takeshima** Mina Kobayashi**,
Kento Tamagawa**, So Tsuchiya**, Katsumi Takizawa**, Yuji Hayashi**, Hirokazu Kyoso**,
Nobuhiro Yokoyama**, Kouki Kawase***, Nobuyuki Mannen***, Toyokazu Banba***,
Yoshitomo Sugiyama***

Aichi Prefecture Government is building a system in order to improve their disaster response capabilities
with ICT equipment, to speed up grasping the damage caused by disasters to infrastructures. It’s for
preparation for some disasters like the Nankai Trough Earthquake. In this report, we introduce the results
of the survey of their current situation and the consideration for this system building. In the survey of
the current situation, we inspected the prefecture's emergency drills, then checked the actual situations
of the current systems and summarizing of information besides the questionnaires and interviews with
the prefecture and related organizations. Furthermore, we conducted a trial demonstration of ICT
equipment (UAV, etc.) which is considered to be effective in disaster response, and extracted issues in
introducing ICT equipment. In the system consideration, we worked to achieve our policies as the below.

(1) Utilization and analysis of data by using ICT equipment.

(2) Speeding up of sharing the information among the parties involved by using a WEB system.

(3) Cooperation with the systems of related organizations.
In the future, Aichi Prefecture is planning a gradual start of service in order to build a system, which can
be used even in a normal situation, in a short period without rework.

Keywords: ICT (Information and Communication Technology) , #EAMIZZE% (UAV, Fr—%)
(unmanned aerial vehicle (UAV, drone, etc.)), —¥KIEE T /L (3D model) ,> A7 L7t (system study)
DX (FYH#NET AT 4 —A— 3 ) (DX (digital transformation))
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Analysis of temporary evacuation shelter placement
considering flood risk of evacuation routes

Chisa Baba*, Michinori Hatayama**

Abstract

In recent years, climate change has caused torrential rains to occur more frequently, increasing the
importance of evacuation against flooding damage. It has been shown that "evacuate to a designated
evacuation site" may not be the correct action to take when evacuation information is issued, but it is
not uncommon for people to take the action of "evacuate to a designated evacuation site" during
evacuation drills or during actual heavy rainfall events. Therefore, the purpose of this study is to examine
the placement of evacuation centers when designated evacuation centers are considered as evacuation
sites for eviction evacuation. The target area is Hikone City, Shiga Prefecture, Japan. Using network
Voronoi partitioning, we analyzed evacuation zones considering the depth of inundation at the time of
flooding and considered the placement of evacuation centers. As a result, it was found that there are
several areas where evacuation behavior based on elementary school districts could be hazardous.

Keywords: /K & (Flood disaster), ¥ % 51 [
(network Voronoi diagrams)

(evacuation planning), v MU —2Z AR w J A G E|
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CHANGES IN SPATIAL PATTERN OF POPULATION DISTRIBUTION
IN A CITY AFTER AN EARTHQUAKE DISASTER

Masami ONOZUKA*, Yuichi Hashimoto**

Abstract This study aims to clarify the spatiotemporal pattern of the change in population distribution
in Sapporo just after Hokkaido Eastern Iburi earthquake, and that difference by social attributes.

For the purpose, the study analyzes the Mobile Location Statistics of 26 days, contain the day the disaster
occurs. To analyze the difference between usual distribution and of after disaster, we apply cosine distance

to the Mobile Location Data.

As a result, it shows that the change in population distribution continues four days after the disaster, and
that changes in population distribution differ by social attributes. The younger, the difference come large.
The the change in distribution of females is bigger than of men. Of middle men is small especially in the day
time. Those suggest that the changes in populaiton distribution after a disaster is affected by those type of

employment and activeness.

Keywords: #4755 7% A 0 # 7+ (Mobile Location Statistics) , F-h% 30 4F b 1 AR 2 555 M S

L

(Hokkaido Eastern Iburi earthquake) , KIRM{ZE (Blackout) , =¥ i (cosine distance)
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Evaluating Crowds of Stranded People Considering Street Blockages
in the Vicinity of a Large Railway Station

Shunichi KUSANO™, Toshihiro OSARAGI** and Maki KISHIMOTO™*

Abstract: It is predicted that a large number of people will have difficulty in returning home in

case of a large earthquake in the Tokyo Metropolitan Area and anticipated to head for railway

stations for seeking the information on train restoration or alternative transportations. Furthermore,

collapsed buildings may block streets and cause serious situations such as extremely crowded by

stranded people. In this paper, we construct a simulation model of people returning home on foot

considering the street blockages at a large earthquake. Then, we analyze the impacts of street

blockages on the crowds flow and the number of people gathering at stations.

Keywords: E#BE N1 (large earthquake in Tokyo Metropolitan Area), JFE R ¥ (people with
difficulty returing home), % FRMERE (degree of crowding) , 1 EEHZE (street blockage), K IIFER

(large railway station)
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Shelter Allocation Model for Two-Phase Evacuation for Major Earthquake
Kai Tang*, Toshihiro Osaragi**

Abstract: It is essential to account for uncertain events such as house collapses and the spread of fires
when making the evacuation plan for potential major earthquakes. Two-phase evacuation refers to the
process where evacuees initially gather at temporary evacuation area and then determine the subsequent
relocation based on the fire situation and the extent of damage to their homes. Presently, many
evacuation plans might not align with actual requirements due to the lack of consideration for varying
numbers of evacuees and different evacuation routes for different disaster scenario. To address this issue,
we have developed a shelter allocation model that considers distribution of evacuees and evacuation
sequences for specific earthquake scenarios. Through earthquake damage simulations, we estimate the
distribution of evacuees and the effects of fire spread. Furthermore, an allocation optimization model is
proposed, in which distance costs for two-phase evacuation are incorporated into an objective function.

Keywords:
Allocation), #xi#1t. (Optimization)

1. Introduction

As one of the severest disasters, earthquake can cause
significant damage and have devastating effects on both
human lives and infrastructure. In recent years,
catastrophic earthquake frequently happened, which have
underscored the significance of disaster preparedness and
emergency response. Well-designed and implemented
evacuation plan is expected to improve the efficiency of
evacuation within limited budget. In this context,
operation research or optimization technology has been
utilized in the design and enhancement of evacuation
planning. Location-allocation model is the most
common model in previous research, while decide both
location of shelter and the distribution relationship.
However, for highly developed cities like Tokyo, the
locations of shelters are fixed and hard change since
almost all available schools and parks are designated as
shelters. Therefore, for these cities, the more important

task is to decide how to allocate shelters to evacuees.

WE#E i 5% (Shelter), — B¢P&iBE#E (Two-Phase Evacuation), fifii% %l ¥ 24 T (Facility

To get optimal allocation, it is essential to acquire
accurate distribution of evacuation demand, which
need to take account of actual earthquake situation. For
major earthquake, house damage is one of the major
factors influencing evacuation demand. Besides, timing
is also important, since evacuation demand is generally
thought to be significantly different between daytime
and nighttime (Chen et al., 2013; Xu et al., 2017). The
floating demand can be estimated using different data
source, including traditional land-use data (Zhang et al.,
2020), census data (Xu et al., 2017) and big data such
as cell phone data (Lee et al., 2020). However, although
earthquake evacuation demand strongly depends on
disaster damage, it seems that few research combines
demand estimation with disaster loss such as building
collapse and fire spread. Especially, for areas with a
large number of wooden houses, fire breakout and fire
spread should be considered as an essential factor in

estimation of evacuation demand. In addition to
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demand, building collapse and fires caused by the
earthquake also influence the road network connection
and availability of shelters. There are some studies of
hurricane shelter model give thought to the open state
of shelter (Li et al., 2012). Although collapse or fire can
also cause shelter unfunctional, few research considers
it in earthquake shelter location or allocation model.
This study proposes a shelter allocation model with
consideration of damage caused by a hypothetical
major earthquake. The building damage model, road
blockage model and fire spread model are utilized to
generate possible scenarios, in which building collapse
and burndown are considered in the estimation of
evacuation demand combined with population flotation,
fire-spread and road blockage are considered in the
estimation of shelter supply and network connectivity
respectively. A two-phase evacuation flow is modeling
by integrating hierarchical shelter system. We select
Ogu area in Arakawa Ward, Tokyo, which show high
degree of danger because of the existence of many old
wooden buildings, as a real case to implement the

proposed model.

2. Model formulation
2.1. Classification of shelters

According to Tokyo Metropolitan Government, the
shelters are classified into 3 types with different size and
function: temporary evacuation area (TEA), evacuation
area (EA) and evacuation center (EC). TEAs and EAs
provides the space for people to stay right after earthquake,
ECs provides the space for mid-term or long-term stay,
while EAs can prevent fire from spreading, while TEAs
may be unreachable under fire.

Table 1 Classification of shelters

Space type Service Time Function
radius
Temporary | Outdoor 0.5km First Space  for
evacuation space: Parks, day stay  right
area (TEA) | green lands, after
playgrounds earthquake

GISA & IAG'i 2023

Evacuation | Outdoor 1~1.5km | First Space

area (EA) space: day preventing
Fireproof fire from
open space spreading

Evacuation Indoor 0.5~1km Several | Provide

center (EC) | space: days to | food,
Primary several | water, sheet
schools, months | and in-door
middle space  for
schools staying for
the night

2.2. Hierarchical allocation model

Considering the fire spread process, different kinds of
shelters are used, forming the two-phase evacuation route.
We assume that after a large earthquake, all people need
to evacuate to nearby TEAs. If fire occurs near the TEA,
then this TEA will be denoted as unavailable, people need
to transfer to EAs. For people without house damage, they
return home after staying in TEAs or EAs for a while. For
people with house damage (caused by shake or fire), they
will transfer to ECs for accommodation. The details of this

two-phase evacuation can be summarized as follows:

If fire
occurs?

Figure 1 Flow of two-phase evacuation
The shelter allocation model aims to select
appropriate distribution relationship in order to improve

the evacuation efficiency, which can be measured by
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distance or time. In this model we use total evacuation
distance as the optimization objective, which includes
total population-weighted distance from demand points
(homes) to TEAs, from TEAs to EAs, from TEAs to ECs
and from EAs to ECs.

The model is formulated as follows:

min [Z Z VgeNglae + Z Z YatMalas
deD teT,T* deD teT,T*
+ VeeNelee + YeeMelee
teT*(w) e€EE teT (w) ceEC
+ Zyecmelecl (1)
e€eE ceC
s.t.z vge=1 VdeD 2
teT,T*

Zydtzl vdeD 3)
teT, T

the=1 VteT" 4)
€€k

9
Zyte —1 vteT (5)
€€k
Zym:l VteT (6)
c€eC
Zyec=1 Ve €EE @)
ceC

Z Vgeng=n, VtEET"T (8)
deD

Z YaeMmg=m; VteT"T 9
deD

Viey =N, Ve €EE (10)

teT*
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VieMy =M, Ve €EE (11)
teT*
Zyecme + Zytcmt =m, Vc€eC (12)
eeE teT
n+m,<h, VteT (13)
ng+my,<h, Ve€E (14)
m. < h, VceC. (15)
Vae, Var €{0,1}Vd €D VET,T" (16)

0 < Vi, Vier Ve Yec < 1
VdieED VteT,T* VeeE VceC a7n

Where, the definition of decision variables and
parameters are as follows:

Table 2 Definitions of decision variables

Decision Details
variables
Vgt 1 if evacuees without house damage are

allocated from demand point d to TEA ¢,

0 otherwise

Vte 1 if evacuees without house damage are
allocated from TEA ¢ to EA e, 0

otherwise

Vae Fraction of evacuees with house damage

allocated from demand point d to TEA ¢

Vie Fraction of evacuees with house damage

allocated from TEA ¢ to EA e

Vee Fraction of evacuees with house damage

are allocated from TEA ¢ to EC ¢

Vec Fraction of evacuees with house damage

are allocated from EA e to EC ¢

Table 3 Definitions of parameters

Parameter Details
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ng Number of evacuees without house

damage in demand point d

my Number of evacuees with house

damage in demand point d

ng Number of evacuees without house
damage in TEA ¢

m; Number of evacuees with house
damage in TEA ¢

m, Number of evacuees with house
damage in EA e

T Set of temporary evacuation areas

(TEA) that are not affected by fire

T Set of temporary evacuation areas

(TEA) that are in danger of fire

D Set of demand points

E Set of evacuation areas (EA)

C Set of evacuation centers (EC)
he, he, b Capacity limit of TEA, EA, EC

Equation (1) is the objective function, which is the total
population-weighted distance. Equation (2)-(3) help to
ensure evacuees from one demand point will be assigned
to only one TEA. Equation (4)-(6) provide that the sum of
all fractions from one TEA equal to 1. Equation (7)
ensures that the sum of all fractions from one EA equal to
1. Equation (8)-(9) help to acquire number of evacuees
(with or without house damage) at each TEA. Equation
(10)-(11) help to get number of evacuees (with or without
house damage) at each EA. Equation (12) help to get
number of evacuees (with house damage) at each EC.

Equation (13)-(15) put constraints on TEA, EA and EC.

3. Case study
3.1. Study area

Ogu area is selected as the study area. Ogu area located
in Arakawa Ward, Tokyo, including East Ogu Town and
West Ogu Town. The Ogu area has a significant number
of wooden buildings, making it susceptible to rapid fire
spread and vulnerable to house collapse after big

earthquake. It also gets a high rank in the evaluation of
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earthquake danger by Bureau of Urban Development with
14 out of total 16 Chous get rank 4 or 5 (the highest is 5)
(Tokyo Metropolitan Government, 2023). Hence it is
essential to make regional evacuation plan to prepare for
the possible earthquake.
3.2. Data processing

The occurrence time of earthquake is set at winter
evening with north wind (wind speed is 8m/s). We use the
earthquake damage simulation (Hirokawa & Osaragi,
2016) to generate data of building collapse, street
blockage and fire spread. The probability of building
collapsed, street blockage and building burndown are
shown in Figure 2 to Figure 3. Then we combine these
damage data with other basic data (building, population,
etc.) to get the data needed in proposed model, which can
be classified into 3 types: demand data, supply data and
connectivity data. The demand data refers to the number
of people who need to utilize shelters after earthquake.
Demand strongly depends on the consequences caused by
earthquake, including building collapse, fire spread and
road blockage. Figure 3 shows the process of getting
demand data. In the first step, we set the population
baseline for each Chou based on the population report of
Arakawa. Then we make 2 assumptions: (1) population is
evenly distributed in buildings according to their total
floor area; (2) in morning, population is distributed in
residential buildings, while in afternoon and evening,
population is distributed in all types of buildings. By these
assumptions, we use population changing ratio
(summarized by PT data) and building data (building type
and building area) to get banchi-scale population data at
morning, afternoon and evening. Supply in this model
refers to those shelters available after earthquake, since
some TEAs will be unreachable due to fire. We assume
that if there are at least 3 fire outbreak points within 100m
range of the TEA, then this TEA is denoted as unreachable.
Connectivity in this model refers to the trafficability of
roads after earthquake. By the simulation results of

building collapse, road blockage probabilities can be got.
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Figure 2 Distribution of building collapsed and
street blockage probability

N

A

Figure 3 Distribution of building burndown
probability

Population data
(banchi size)

Population data
(chou size)

Demand

Fire simulation
results

Building data
(building type and area)

Population changing
ratio by PT data

Building collapse
simulation results

Figure 4 Flow of generating demand data

3.3. Sensitivity analysis and results

It is essential to check the stability and vulnerability of
proposed allocation plan, therefore, sensitivity analysis
with respect to different input parameters is needed. The

capacity limit and service range are two important aspects

GISA & IAG'i 2023

of shelters. For different setting of required space per
person, the capacity limit can be extended or reduced to a
reasonable value. We set the minimum standard at
1m?/person for TEA/EA (outdoor) and 1.65 m*/person for
EC (indoor) based on the regulation of Tokyo
Metropolitan Government. Also, the service range of
shelters can be changed if it does not exceed the evacuees’
walking range, since there is no common agreement on the
appropriate value of service range. To ensure all demand
points are covered, the initial service range for TEA is set
at 500m, and the maximum range is set at 1.2km which
can be seen as the 15min walking distance for an average
adult. The results can be acquired via Gurobi Optimizer
version 10.0.2 in the environment of Python 3. The Figure
5 shows the results of derived total distance for service
range between 500m to 1.2km. The total distance is
fluctuated between 2.6 X 10% and 2.7 X 108, the service
range shows no significant influence on the results. Since
shorter distances are advantageous for management and
convenient for evacuees' travel, it is better to set service
range at 500m. The Figure 6 show how the total distance
change with respect to the change of required TEA space
for each person, it can be seen that total distance shows a
sharp increase when required TEA space for each person
is around 1.2. A larger space can enhance the comfort of
evacuees at TEA, therefore, in our case, 1.2m?*/person is a

reasonable value.

1e8 Sensitivity analysis 1

2.74 4

2.72 4

2.70 4

2.68

2.66

Total distance

2.64 A

2.62 A

500 600 700 800 900 1000 1100 1200
Service range of TEA

Figure 5 Sensitivity analysis of service range
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6.5

6.0

5.5

5.0 1

4.5 1

Total distance

4.0

3.5 1

3.0

2.5

v "7 pequired TeAspace perperson
Figure 6 Sensitivity analysis of TEA capacity limit

The Figure 7 shows the allocation results of D to TEA
(TEA service range: 500m, Required TEA space:
1.2m?/person), a total of 39 TEAs out of 43 are selected, 4
TEAs are not selected, and some TEAs are with low
utilization rate. The Figure 8 shows the allocation results
of TEA to EA, 4 TEAs in danger of fire are allocated to
EAs. The Figure 9 shows the allocation results of TEA
without fire to EC, remaining 35 TEAs are allocated to
near EC, some evacuees in the same TEA are allocated to
different ECs. The Figure shows the allocation results of
EA to EC.

@ Unselected TEA
@ Selected TEA
O Demand point

Figure 7 Allocation results of D to TEA

GISA & IAG'i 2023

o @ TEAwith fire
® @ TEA without fire

@ EA
Figure 8 Allocation results of TEA with fire to EA

+

@ TEA with fire
@ TEA without fire

© ec
Figure 9 Allocation results of TEA without fire to
EC

Figure 10 Allocation results of EA to EC

4. Conclusion

An earthquake is a dynamic process fraught with
uncertainty. Therefore, earthquake evacuation necessitates
the selection of different evacuation strategies based on
different disaster scenarios. The location of earthquake
shelters, as a crucial component in preparing for this
unforeseeable event, has been extensively researched and
applied in the past. However, these efforts often fall short
in addressing specific allocation issues and rarely
incorporate the dynamic nature of disasters. In high-

density cities like Tokyo, earthquakes often come with
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secondary disasters such as fires, making it equally
important to explore how these secondary disasters impact
evacuation decisions. In this context, this article proposes
a hierarchical model that seeks to minimize risks during
evacuations to different shelters while considering real-
world events such as building collapses, road blockages,
and the spread of fires. As an early attempt to use
hierarchical model to optimize evacuation process under

uncertain conditions, this article is of some significance.
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WEADEDHBIZE B
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Abstract Night-time light have attracted attention because of their correlation with socioeconomic
activities, and their usefulness has been demonstrated by their use in disaster recovery process analysis
to overcome the problems of conventional data-based analysis. However, it has not been fully confirmed
whether monthly night-time light can be used for analyzing the disaster recovery process in small areas.
Therefore, this study focused on pre- and post-disaster changes in population data and night-time light
to analyze the recovery process of flood-damaged areas in Japan from 2019 to 2021. The results showed
no change in light levels in all target areas, but three of the four target areas showed changes due to the
disaster, although the residential population did not change significantly. The lack of similar results to
previous studies suggests that disaster recovery process analysis using night-time light images and
resident population data may not be able to capture changes depending on the scale of the disaster.

Keywords: &[4,
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