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Spatial interactions of the tsunami during the 2011 Great East Japan Earthquake: An
application of the generalized spatial two-stage least squares

Takahiro Yamada
! Research Institute of Economy, Trade and Industry (RIETT)
yamada-takahiro@rieti.go.jp
https://sites.google.com/view/takahiroyamadswebsite/home

1 Introduction: This study examines the spatial intensity and POP density across years, except the NTL

interactions of the tsunami resulting effects against
population and economic activities during the 2011
Great East Japan Earthquake by applying the
generalized spatial two-stage least squares, a piece of
spatial-autoregressive (SAR) models. The spatial
interactions are incorporated based on the spatial-lag
variable with the spatial weight matrixes in the SAR
causal identification framework. Each observation of
the spatial-lag variable is a weighted average of the
values of the outcome variable for the other cross-
sectional units.

Method: This study relies on the tsunami inundation
data denoted as Y in equation below as the endogenous
variable of interest instrumented by the number of
related monuments in each municipal. Outcome
variables are population (POP) density and economic
activities proxied by nighttime lights (NTL) emissions
(y) to estimate the tsunami impact. The other included
explanatory variable, apart from the spatial lag, are
taken to be exogenous, that is, X = (intercept). y, is
prefecture fixed effects. The instrument matrix H is
based on Xr. W and M are normalized spatial
weighting matrices (SWM) with 0 diagonal elements.
They are based on the contiguity relationship and the
distance between the municipalities. Wy and Mu are
spatial lags, and normalized A and p are the SAR scalar
parameters taken to be the interval (-1, 1).

y=Yrn+XB+AWy+y,+u (I)
u=pMu+e (2)

Result: Figures 1 and 2 show the effects of tsunami on
NTL intensity (in 2011, 2015 and 2018) and POP
density (in 2015 and 2020) based on the contiguity
matrix and inverse-distance matrix (30 km)
respectively, as the SWM to consider the spatial
interactions of the tsunami resulting effects. For all the
specifications, the estimate of A is positive, moderate
to large, and statistically significant in 1 percent,
indicating strong SAR dependence in outcome
variables. That is, the economic activities and POP
density is strongly affected by the neighboring and
spatially close municipalities. Overall, the tsunami
does not show statistically significant effects on NTL

in 2018 (the specification based on the inverse-
distance matrix). This suggests that tsunami inundated
municipalities could exhibit stronger economic
activities compared to the non-inundated in longer-
term possibly through reconstruction initiatives.
Data:

Tsunami inundation from CSIS, University of Tokyo,
tsunami-related ~ monuments from  Geospatial
Information Authority, population from Statistics
Bureau of Japan, nighttime lights data from NOAA.
Acknowledgments : This study was supported by Joint
Research Program No. 1238 at CSIS, University of
Tokyo and Japan Grant-in-Aid for Scientific Research
(Grant Number 19K13712).
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Figure 1: The effects of tsunami on NTL intensity and

POP density based on the contiguity matrix
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Figure 2: The effects of tsunami on NTL intensity and

POP density based on the inverse-distance matrix
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1 b KR DA T 2 ARKETH Y, 1970
E S 2019 FICHTTRELZARKEICLS
BENBELDH 31% % 5 ® % (Douris et al.,
2021). SUREZEH) & 2E RH T {LOHETED Y
A7 OIS 2 alRetE 0 B Y, SR 2D
HGH 70 SEERIE A KD BT B, Jok o )4 H#HiFH
DO E# {0IE 3 2 I T HIBRBUH 3G H < H 2 23,
REE=2) vy 7EE, aEA0Lr—£—
SAR)F /- i1Z~wLF 2227 P L(MS)& V¥ —D
WTNLLLERONIHE DT — & Y —RITK
FLTEY, BllloMEELHRE=2) v 7/
71 D RS 23 8GHE 75 Gk R KR o 4R % R EE i L
TW3, 2 ZTAWIE TR, MEBNT —2i1ck
bz okiRKEHEZ HiE L, 2h b 2o
D vHT— X EER-FEEICL A LK
KB ZHEE ST 2 FiELRET 5.

HE kAR IFTFT %2y bTH 3
SenlFloodsl1 (Bonafilia et al., 2020) 26 [F-H)
TOT7/)T—vav], SART—&L MS TF—ZX
ODHAFHDZEH 1 HEATJ, 1512x512 DXy 57
—RICEENDWKDOENED 5%A L] &5
fFad LIc S0 1300 F e s k) DT — 2 %
IWEL, =70l L 72, fREET 1 IT
V7ML RULTHEL, Ny FR—-vE LT
Pre-trained Remote Sensing Transformer (Presto,
Tseng et al., 2023) & ML EN 5 B CHETH H O Fii
FEFAETALOZ a—ZEFHL, fIESHE
meflAatberz, T —2IcXY 774 v F
a—= v BEML 7.

R =T VO REEHET 27201, FIET
DT AT —XICREETVEHEM L 72, #EER
Rofl %K 11T, 5k L OREFMEER I B »
T22oD+k Y% (MS+SAR) # A1 L 728550 %
bEOHREEZ R LZ (1D, MSt v HDADA
HOEEIIE 2 2D vHDTF—XEZ AN LT

R1:RIETDTFR T —RCBIBEAEVY
B 0 SRR

mloU Precision Recall F1 Score
MS+SAR 0.886 0.880 0.913 0.896
MS 0.884 0.881 0.906 0.893
SAR 0.736 0.826 0.636 0.718

ity L RREORES R 5N 7zDIcxf L, SAR ®
VY DBDATIDZEITIE ) A XRDOFEICL S
HREDIN T AR & iz, 51413 SAR DIRIED
T2 T, MHOT -2 bIEHTE 5 X
IICETNDIYA—XEHEDT —%FT 27 F %
DUEZHED 72\,
HRLZT—%:

[Sen1Floods11 ] Floodbase
https://github.com/cloudtostreet/Sen1Floods11
BEE ST 1Z NEDO (23200859-0) D R D —
ELCHEML .
SEH
Bonafilia, D., Tellman, B., Anderson, T., & Issenberg,
E. (2020). SenlFloods11: A georeferenced dataset to
train and test deep learning flood algorithms for
sentinel-1.  In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern
Recognition Workshops (pp. 210-211).
Douris, J., & Kim, G. (2021) The Atlas of Mortality
and Economic Losses from Weather, Climate and
Water Extremes (1970-2019), Geneva: World
Meteorological Organization (WMO).
Tseng, G., Cartuyvels, R., Zvonkov, 1., Purohit, M.,
Rolnick, D., & Kerner, H. (2023) Lightweight, pre-
trained  transformers  for  remote  sensing
timeseries. arXiv preprint arXiv:2304.14065.

B1:KYETDF AT —FOHEEHROH
(ﬁ : ‘H_‘/7°}]//\°‘y~§—§‘—‘\_5z, ﬁu . _—I.Eﬁi‘j_ﬂ k
AN+t v 3 HlOHEEREE)
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CBT B AABEML T3 RETH .

IR & L IcitED STV ABROIEEIT R A D,
BB ENGI O -0 DFFE~ AT AV FDBH Y
FTbEE-TLBZL06, KEY)ZRZ7DE W
18 © D BT © Wil ) D 12K K D HEE D 72
WITE, DX RFFEOEYPIKE) X7 DE
WED XS G THBICEEI N TS D)
TR 2 2 LR EE 7> T 3.

Z TCORMgETIE, BRI D 1 4R 6 EAERR
& LT, HokEKEEXEIC BT B 2008 £ 5
DEAFEE A & YA O 5. KEY 220
EWED LS ST YD kS i@y
ML CTW23D08 551 L, S%0EKEEX
i3 2FED~AT AV FDH Y FFITown
T %7 2L 2HWET 3.

Tk BAKAEE XA Y = & 2008/09 4, 2022
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— T &RAT\, BIRSET T 25 ) 2 7 Hul o $A
B %#1{T o 7=.

FESR X 1 ICEKAE X b3 2 3 oo B89
B DLW &R . RAKEE KAk X b B
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T o7z, FRiC, BER-CHEFH o did b X
B OB IR o LR X B v TiRK D 2
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OAIKAEK 3m B 12 b 222b b FHRSE 05
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1
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Bl - RS H TR AR T O K 0 ANEA TV B
28, HRT B S5 Bl oo RR RO E LS % B4 L 7= R ST
AR L LT, ARIFZE I3, #RTTRG S
FHEME L CE A A N RIC, HIEREY X
7 OB HMICE 2 2 E® T 5.
Kawabata et al. (2023) 1%, ZE[ A EAESE (RD)
THA VEROCRIEREDO ST %2{T>o T3,
AW T, BEEICDZ3 7 — 2 &AL, X
D AEB I TR AT S .

T EWE Y 2 712, 2012, 2017, 2020 4
O [HIERFEICE L < falaas ittt (B
BN %, MU 1 E R RS AR %
w3 (K1), K4HrclE, 2012 4£ICHEEL, 2017
EF TN fEREETE R R %
352, 9, 7uzxtvssavoliesrii
HEE L, RDHEEM AR 2 ISP T 2002 FH~ 3.
RIiZ, IWHOTFT— 2% 7Y v L, falstsE
TR T D RD #EEED A A HEE T 5.
BE:M2ICRD 7u vy b 2R d. Hflids G
Erifrbo 3 CHMITHEN X v B AREREICE <,
Z DAHERRESHEN L TW D 2 LR T
5. K1 OFEE» L, EREETHER OB 5T
FUAHE o Hifli 2 5 X, 7 DR RSB IR
TR ERRINTS, S5%IF, FEROEEH
BAFRATEMAG - T A =T 4 D& LR &, KR
RO % EHE T 20[EEM D & 2 BN % Z &
L, #BHTR 5 B fi o R 72 (2% % BAREIC L T
ER AN

20124

1 ¢ o s i i & BTG

4 fERLE-T—%:

el Eit (2012, 2017, 2020 4F) | E+

BfaF

(& EEEREAMIE (2012, 2018, 2021 4F| &
PERH > A 7 LW v & —
[Zmap TOWN I (2012, 2018, 2021 4£)] #k=

Sty v

5 & : KW X JSPS FHWFE JP21K01447,
JP23K17559, ¥ X VR HREES (Ot
FWFZE) DBk %3272, KBfZeid, Bk
CSIS #[HEff7E (No. 1272) I X 3 ED—E8T

- -
- -

H5.
6 S :

ICRELTHEZR L2,

Kawabata, M., Naoi, M., Yasuda, S. (2023)
Earthquake risk reduction and land value along
geographic boundaries of extremely high-risk
urban districts in Tokyo. Keio-IES Discussion
Paper Series, Institute for Economic Studies,

DP2023-013, 1-31.
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(0.008) (0.018)
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N (FMil) 10,902 10,902 3,141 3,141
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o — F L, ZEMOHT I BERERI © & 2 BR5E & 5 i
L7, 7nds, FEAFFEBRCHIMIRERD L - R4 thiio
SEERIE, LRFELETHE (BR) TERSH W
77 VY R=rENLTIJA LELSCORRE 2
LRI N RAEMAFERTD 5. Z oA TER
ICEO &, EROWERLEMEG % R, Hitbco
G EHg R & FEhE L ERLRERZ 1T - 7.
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HEE : AW I3 JSPS R JP23K22037,
JP23K00984 DY AR 7bDTHS. F i,
HK CSIS L7 No.1242 5 X O 1243 DAL
Ro—fe LTHEML .
SEXH ¢
RS — <4 V¥ —F & v % — (2024) 2024
RS EEHERELYHOREH - ITHT v
r— b. <https://www.surece.co.jp/research/
4836/>
NI SEERSRAER (2024) ©H1 6 FEREE
EHIER ICfR 2 IR IF IC D W T, <https://
www.bousai.go.jp/updates/r60101notojishin/r60
101notojishin/pdf/r60101notojishin_49.pdf>

W - 2 e\ ,\ ® 16:10 -16:19
[4

e 16:30 —16:39

B2 : ArfihLEfic s 2 MRS AR E R 1 K o

WK FH OITH
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TR LB IC 5 2HERHIRDER L HIERR O ERIL

KK TH! i hiR?
VR RA R Y BREE - #E ¥ TPt E-mail: otsuka.c.6bd7@m.isct.ac.jp
PHRRIARY: BRI - (ST B¢ E-mail: oki.t.e60f@m.isct.ac.jp
https://www.arch.titech.ac.jp/okiLab/

1 B0, v —Hh AR Eb DB AE

Hxizs—FT, KeTdul k% nJge & 35
THEOIEE D kKo b, 2 b Dz EE
METH D, AWFETIE, FEEE & B & D
RILDENDHEEE DRI UL TRE L, 2 OH]
ERERNZERLT 5.

HEET, EECKE, LWKEOY X785
<, o, BB NOERHIXICE £ 2 s
DEEEIC DWW T, Google Street View API Tl
L 72 H{R % FR L, Fishs &t o z h 2 h %
HUE L 72 KB 2 IR Web 7 v 7 — b &2 55
FEL 7= (K1), BRI 2T, 3 FEO RN
CRBUEH R R A 1, HIEETR O JHE - K ST A I,
KWIC X 2 gk TR #FRE L 72, Ric, XY
A7 v 7 — 1 (K1 (a)(b) OfER%Z, Ogawa
5(2024) D E T N EE X2, RN OEIEHISR
Rl E T T VR L 72, F 72, MONEE T v
F—F (K1) OfHRD» L, KEfGICH3 2
% D 22 R R L R TR 28 THH o:E IR [ % %
GFL7-. 2 L C, HEgARFHMHET € 7 VA3 H )
3 5 ISR fiE %2 H V25, EIRRIE % Sl HZE 2L
& L T Lasso [\ HT &2 1T\, #7122 R REE
ISR I s T8 2 E 8t L 7.

FER RS EIREHMHEE £ T v ~D AR &
NEN7-HIGGHIEDOFI % 7R 5 & (K2 (), 1k
Wik > CRCIEHE O i 27 5 2 & 5
b5, K 2(b)ic, TR & AR HIR A B
(QI_HHZ ) 0EF RD KE WEROH %2R T,
ORKWK O F 23 @ e il 72 iR <, #HLI2038 9,
KWK S+ 7B % SRRz % & 1HE S 1,
@R 77 3 i aAll 72 R < U, R 2 c B 4,
MIC & 2 RIERRIFICIXEGC 2 2 L E S Lz
TREMED D 5. F 72, X 31T, HIREHM % BHAE 3
L AE B O EE OfF (Q3_&47) Bnd.

[S4_ZEDJEE | BPREWEDOHIRICKE (EEL T
wa, —J5, [S6_EHOAECIRE ] 13, KkF
EFEHERFICIIIEORE L, RESEHIER AR &
B KEFRERFICIIAOFEL L5 2 T 5, BiE
BIESDOANE DD 3729, Bl oE D 5 IEDE
fliico7%23 0, HFIIEWRDE T2 EHBBEI
BOFEIC OB B o= b DL HEEINS.

4 FRLEF—& HRESET Y 2OVERIK T

— &~ — 2 fE@#E (ADF 1EH#E) Version.3.36 —
DRM % 3.0 fli~—=- &fijtéE 6 A 17 H (fE
KESRTERASHED), Google Street View [H|
&, E-BUEER.

FEE  AWFIEIX, JSPS BHFE 22K04490 @ B
22T, HORAZE R AIT S 2 v 2 —iif5e
R ERFSE, ¥ X O, HOK CSIS H 5
No.1042 »—8g& LCHEfEL 7=. 7 v 7 — MillE
DEMITRIN 727207238 K 70— TR &4k,
O NS, FHIGAA L 7 v 7 — MICEZ 272w
R ICHERRT 5.

SEXE -

Ogawa, Y.; Oki, T.; Zhao, C.; Sekimoto, Y.;
Shimizu, C. (2024) Evaluating the subjective
perceptions of streetscapes using street-view
images. Landsc. Urban Plan. 247, 105073

(ANEREHD SN DENRFFEEDH (b)) FHE & ARBFONRFMEDEA B LK E VEBROH
RFRIERER —1
B - A :

D+1.346 : KFBFICERETE | @-1539 : FHECEFE

Q1
8 |
xS

DOIE = KRB O REHEE - FHIFONRETEIE

2 ¢ {HBSIEIR & TR EISR AT o ]

02_HEDFT U - AR EREs OWEICEH0H - AXREN VAR A FHH

DN — > N/ > = 0.4
:lj((ﬁ itk od [S1 5‘675’1’]’ xIEFDESD 2] & % ) 152 AMEORE) (28 BEROFE] L
- LTONRFHEABICH N THRALEHE LT—ED
— — — ~ 0.2 4 X BRESNGMot=th, TSI TIEEBELT=.
(@R FHEWEB 7 >4 — O b) N REF(T 5 B T’
X% | RMBESHAEET 21— TEE - RHBAEW | BREE | w2 ‘ | L
BEAE | WEBY i — kst REE |[05 [ #FELL 2 @00 L I R S S
WERS [MRRCHLNT, Br LIOROBRE| (12 [ B26T0 | 06 BEELTUS ) Fe s s A
B LEBEOO)RY DESONR | 03 | 2el e [ b
ISV TSBBECEES 5. T B D g024§
SRR < 2008 B AERL L @ [E555s |0 [ T8 @ 1
125017 Z MM BITIRTS 2. 0o [ERf o Baes
EEY : FERICOEEEHSKS MEIE 010] B/ YT O L e o o e B B e AN B S o e
(20_-30-40-.:32-605&) ME2A mE L 1l BRZE A N N T NSRRI RS D OAMTNONO DO NM T O
FoRIEEERS. Rii 12 012 SRET HNEEY 1 % o4 oA ERE SRR IRr R R R R R R R R R R R R ﬁj 3 §
MR EHEWEB 7~ — DAl RS AEERRERI TRERERE DR R Eb ]
SEY EMBTRUIEES 51— PERY BTIRGERiREETEEiRE Tl xR 4 ogbno
&S A | WEBZ w7 — FRos [ 5 2 LA A F GR.ZxLB Rlog
AERS | IROEROFTHEE LEER CHREHROEHNFHZR T 28EEN 52 TRRT 2. nE BB re s ExEOAH 20
ERE | SO0RA S BEAICIRRT 5. 5 2 H >R
EEY  SERIZDEFMSES (20 - 30 - 40 - 50 - 0REAL) MB2ATOHIEEESS. hoow "

1 : KRG WEB 7 v 7 — b O3 3 : FIREHM (Q2) %2 BUE 3 2 A B D B L
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IKE IR I 31 5 EE~OBERE & B K5 O Rl Tk DBHFE

B, R
VORI AR

EFR L, Bl e 2
A TAARTTER), AR RS: IR 7 9 A v A A2

SRR ZEMERRI e v 2 —
g2481619@tcu.ac.jp

1 BhBS:n4E, HARCTIZRHIB RS2 S E o R A4E
EAEML W3, EER@EEOREICK % L,
2019 fFEoKREIC X 2 HEFII2E TN 2 Jk
8,800 &M &, MEMBIMLLREKE o7, 2D
2h, FBICNT 2 HEHITEEOK 3 Hx kb
HDTWB I Ehb, REBEKECHE FE~D
PR RIE 2 RIS EH > CTREMINCEFm L, B
MU D FERMIC LI L 725 a A b, ZORER
ExRFHET 5 &k, FBAEDHK M EEX
52 L CEETH L. BT, Hill A v > o
7% ¥ = u AT BT 3 B KSR T ot
FfThbh Tz b oo (REIE2, 2015 72 L),
HEYoJEE (BiE - FFB AR L) ¥ ER L 725F
7B g O -l 13 Th LT, Tz
BB E I N MBS REK 723 70k
IR TE RV L APEE LTHE T LN,
Z 2T, AWM RBIEKER ST 23T 1
L OREHEIKBmEMN T 2L LD
2, ZNLOfEE KT 5 2 & TR KB
OB Z RT3 2 FiEoA 2T 2 L% H
e 3 3.

2 HE AWM TR EBIRONR L k2 FEEDH
TH, MOIFEPL L R FRTEEEZNRIC,
KEICK ZWEFLHTE L2, T/, [EEHXE
IR EE X 0 HEEH & 0 2 (i i & SRR
RO %, EEHoBRFEHLME L. 2o,
b7 S B D R S D %08 1%, BRI D 7 v
F— b+ aEIC, B2 FE L GERL 2
FEEICH L CIREORBEEZHEGT L 7. iR,
i einic 23 2 B o Z FI L, BB
Tl o lzGE0BRKREL KT 5 2 & T,
B 7 [y SRS E D B A WSt L 7=,

3 RER AT TR LR AR T A & e RIS RS
B OFHIi % 1T - 72, KEFIC X 2@ I3 248
EHOWEEHER AN 1 1R T, BEHEIK X WE
TAXIRIKAE K3 D IRIKEE A K & W HIE LAk I

b, MEDOKE EVIDZLLT DL R o7,

¥ 72, MR (E) 0BT X 35K Bl i
DEURE FH OHEFHE R 2 1 1R T, Z DR
SBEREH O E 72 40%LL T oEa, 1 MU
FoRFNENEZHHECZ 2 L BHL L
Tootz, 72, EOHMINIBIEERXRY G0, KER
DIFEFHEIWA T 5 —1, ity > BisEH o
BEHARA I 2 B 218 2 7=, o2 i)

REBHT 2 EPEETHL LB,

4 FHLETF—X:

[Zmap TOWNII (2020 4£/% Shape i) | #h &
vy v
[RAKAGE X7 — % (2012)) E L2584

5 BEE: AT IR E K CSIS HFEFSE No.1049 i

IAHBETHB. ZICHLTHBEEZRLZ W,

6 SECHR:

E sl E: cERAARGEOFEEL 224
FOTCAE D /K 15 5 B 25 A R BR AR DASK s K A Al
TCAE D KEMER (EEfE) % FK<htps://ww
w.mlit.go.jp/report/press/mizukokudo03_hh_00
1056.html>, (RABEH 2024 49 A 6 H)

R Z, FHEN Bl 7 7RI X 2 8K
PeE RIS 35 1T 2 R SEATHR TR o A RETE D IR
31, EAREHEFCE, Vol.50, pp.594-601, 201

.
L . b

s
B 1: T L o e R OHEE REED OFf
(LT oo )

%1 HBE (B) 0o X 2 SSBELIEIRO

.
e 8 o *

- -y
) OpenStreetMap contributors | f -

AR T D HiERHRE R 35 X ORI AR
g | Bimx Bz B L | RN
(E) (%) EH DIREH | AP
(%) (fEFD) M | &M
10 1.13 5.49 4.36
20 3.17 7.67 4.50
30 5.44 8.72 3.28
40 10 9.08 10.9 1.82
50 12 13.6 131 -050
100 21 47.7 23.0 |  -247

* (REFNAHME) = (BiRE L oBEHEEH) — (BiREH)
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HARICE T 37 I 2204 B O Rk Tl

iR R

SR !

U R RF B P AR

zhang.y.615@ms.saitama-u.ac.jp, narut@mail.saitama-u.ac.jp

1 B KA EIHIER E 0% { O ERERICHEE x
WE G 2Ty, FICE AL Z 02
Z#i< 3Z T 5 (Diasetal, 2009). L L7425,
HARICE T 25D ICBET 505 iif:”‘
7L, IR RBSREREREST 570
£ 0 FEM 7 2k B ARG R & W@“&”ﬁiﬂ@%’iﬂ T—
iR TH 5, 2 TRIFFR T, SUELEIC
X3V Itz BEZlte T2 L %H
B e3 2%, 1ZL®HIC1970~2000 4EF DY I A2 D
B 7 — 2 2, SAEZE, B, A
Fi %> & Maxent & 7 L (Phillips, 2008) # f&2E L,
7 I aDBEOEBHSHEHE L. 2D D
2T, AR5 o&5fEEF A FHICTHW bR =20
R FRIEE R (Representative Concentration
Pathways, RCPs) Z3oW7-50E Tl 7 — & %
% v IFapf M FHILZ. chick

, 1S CREEES O HOE IS T 72, BRI
i’?ﬂfﬁﬁ"%.
2 L ®ic, Global Biodiversity Information

Facility (GBIF) & eBird 2> 5 1970~2000 o v
IAaO@HMSE T -2 S L. 2,

WorldClim X 0 G254, e, HHRIH %2 Hs
L7z, 26D F — & X Y Maxent &7 L% {HH
LCv 4 aoBEDAE B % HARS CHEE
L7, 2dD 5 2T, 2050 £ & 2070 D RCP2.6
(e >+ VU ) B X TRCP8.5 (EHEHI > F 1
A) D2 ODRMEEE) > F ) A H I FHlT —
ZITEA L, 7 3 4 3 od BN %2 Tl
L 7.

3 HE AUC 12 0947 TH H, =T ARE R
*ETBILERLTCVS, ET AR RAGLE)
F U&7 — ZICEH L 7245 R, HOEEAR I B
2 ERMA X, FERIICY I 4 anf B

Current Rcp2.6 2050

Rcp2.6 2070

Rcp8.5 2050 Rcp8.5 2070

A

Habitat Suitability
B Rare
. Low
B Moderate
. High
Very High
o 60 120 180 240km

B 1 BRI I 35 1 5 A4 B A o Fk Tl

BERIREHIR IC BB 3 A A R S (K1),
¥/, EHEH Y F U ik wT, Kok e &
I BRI 5 LRI NS, Hik
75 35 X OLgE <, RERIIC A BaE L o BN
BRI ng (X2), fric, Sty F Y 4ics
WC R, ALEAEIER IC 3o AR R o BN 23
TN,

4 EFE S F Y AT, Y Ix ok Bl

FHRJEA X HIcid L, L0 SR VALE
RIS~ L BB T 2 HM D 5. Ldo T,
WP TR RIS 2 B ichE T 2 08
Db 5D, FEFIC, FERMICY I raofRHe
U CEEE A 3 LERA Ik o £ 3 b ik 3
RETH 5.

5 SHEIWA :

Dias, Maria P., et al. (2019) Threats to seabirds: a
global assessment. Biological Conservation, 2317,
525-537.

Phillips, S.J. and Dudik M. (2008) Modeling of
species distributions with Maxent: new extensions
and a comprehensive evaluation, 31 (2) 161-175.
GBIF.org (2024) GBIF Occurrence Download.
https://doi.org/10.15468/d1.2zz5zp. Accessed on
20 August 2024.

Cornell Lab of Ornithology (2024) eBird Basi
¢ Dataset. Version: EBD_relJul-2024. Ithaca,

New York: Cornell Lab of Ornithology. https:
//ebird.org/.

Fick, S.E. and Hijmans, R.J. (2017) WorldCli
m 2: new lkm spatial resolution climate surfa
ces for global land areas. International Journal

of Climatology, 37(12), 4302-4315.

Current chZG 2050 ch2 6 2070

Rcp8. 5 2050

Rep8.5 2070 A
g I g | Habitat Suitability
j j =
-

. Low
B Moderate
B High

Very High

B2 : sty 3 X odbigE ic
RS il

B 5 LB D
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KR Ic 1T 2 BURHEEREZERL 2 KE Y X 7HBICEET 2 01%

KiE WY, FEE KA RE EIR 2
U RBRASERFER RS TEmtgekt, 2RI KEREER
yonezawa@omu.ac.jp
https://www.omu.ac.jp/eng/s-info/

1 B E L SGEE R LT b [HE BRI EBENIC L B WELZRZ T B L0017,

L L fabg e it ] 1 3 M0 IcBW» T,
KR fE s it 3 £ FE o fE s E it
M) 45% % Ho T3, 2D ECTKRIRIFIZ, &
Feaz il 0 2 WP S h o1 B2 B s
L CHEEmM-CBREY Ot El, 2R & D
N — PO & B~ v 70 BEHE I O HE R 75
EDoY 7 PHDOEILEEDTHE, L2 LARED,
TS D SFENCIZEE AN 2 O HuE o i 7
COBEWMBEIN TR VOREIRTH 5. KK
DOHIEEED—> & LT, THHEES L AT
AR L 2 EME AL W L b T b
5. RN 7 7 HEAIZUD & L ERER
Vo P KBS E T A L 72 B, AL FWE D 2
W TR e EVRRET L EBERSH D, 2D
L& o EAFER~ O ECRS, KE, T
K7 EOBREBERIC X BEREE ) X 713K E W,
Z D7D ARMFE T, KIROEET L, &<
KRB 2 ] & L CEYILE TG U 72 Hus
DOFERI A ER L, & I T B3 % 2 4l
T2, &5 IC KRB ERICE T 2 U~ DB
BEEROBETNME &0 - KEY X 7% &
BRICERI T2 EZHE LT3, Riff5t%
WU CLEPREEL~ONFRELE L HIHER &
DYVARTala=rr—yavyolgifElkzH
L7z,
HE AR TIIE Y 5 2 5EY 27 %F§ifE b
7 7HE L L, KERFO RKRIFEARTTRESED
V275 EHE LTS, JAKTA%Z T 3
R E & (D) BOE SR 0 A6, QfFEhe T,
Q)L E, (DEERMMED 4 THH, B X O
PTILEBEREREOEDEZY R Z7ITD T
DB ot (DicBWT, RXathy v
U v B A 32T 72 2021 4F o AT % EERIE
DB 7 LKA v MEARER Wz, (2)IcBWn»T,
J-SHIS K7 — % (53 46:2013 4F, 1
32006 4F) & 72,

(3) LS FEIC D TUE, BRI O, A B
HWeEZD5hd ETOWEIRE N LT
7z. (DTofReEbE 17 H, 49 o
BAWKBIC L IWMELZIT L LB 9h o7,
(4) B A kg i o v T, RIRFEIE 60% LA
ZIEEHIX & L <D &, BARHRT O M % s
IC 24 B[ CHENKRE W L3072, (1)TD
fEReAbeE, 2EEED I D 15%EL TlkH
273, 23 O¥MIRTHWELZT L L2
otz (DEQ)OFHELHZM 1, £V A7 7
— RT3 B MG ERE R R R 1 IR
7.

BEE  AWFZE 13K CSIS HFIFFSE No.1214 D K
Ro—Fe LCHEMLE, ZTICREL CHELZR
L7z,

SEXE -

E+AEE (2017) #HEMHENEICO W T, <
https://www.mlit.go.jp/common/001215164.pdf
>,

BOKBR (2022) BB HUIE B K G, <
https://www.city.higashiosaka.lg.jp/0000035845.
html>.

SERRBASTH ERERE

= X <3 iy '

", - sz, ) E=

- y 119 = Y 00+
A : ;

o 215 55 11405-H8 0 o 275

» = s l#|

3 MR (VISR o0l WERF g1 o fi oo mAA L <130

SEFTEGS 100 282 20T 7 HIXK B 0, #ilE%E

AIRALH

DHNME 24 THH O W, 23 THH Q¥R L T ; s ey SR
o 24 MEOW, 23 MHOKMAGEEL T ey ) )y o 2 B8 (1)
o T LB T (Z)Tﬂéﬁ’bf@'ﬁ"é L2 T, ) 27 HiA TRt | B KB | MR BRI | PR | SR - 8RR | tofs | BK
ﬁj( [Z}if—ﬁ D |:':| 5’% 25 PH D fi;%"@ {i&% D 1:% nic SERRERH 134 146 428 525 2,461 19 | 3,890
] i BeTE ) A7BNRER | 115 121 106 190 2,185 177 | 3,49
Y AWERRKZT VLS o7, ()TOHE [ | o P P 7 31 3 | ©
s . . s HRAR) ) BEWR 20 2 78 85 337 27 | 511
thEbE, 2ELEFED Y H 90%T { DHELEHEE e+ EIER 20 20 7 83 324 27 | 551
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Al4

REEHRSE L R I 31 2 IR CREEE O HER 10 DHERT
— AR 2 R e LT—

TB B Ul #R2, RRE R, EH RS, M EmR
VR ENZ R #H R, PR E SRR ERE WA S N — 2 a VR
SHREERZ R R e #idi A4 2 ~— 2 a VT9ERE
chino-shiho-dt@ynu.jp

BB - RHAKESK (2011) %, HH#HE T,
INFAS B 0BT MFE L L, 25D i o R
BEORELT. WENEELSRRICHEET S L,
FEEEST R CIEYEIE - @YK T & OBk KRR
CERYRRWZ b, FRic AORERL
T3 KEHBICEWTREARFEL Lo T
5. TNEZTC, T e RIS I mE L <
—REIFTE % D TR 2 — IR THNE D HL b #H A4
THEEL T E /.

i, O cswTd, BEADD
G\ H X ASERFE IS W K D IEE L, i e TR
FOREVRIBDLEEZOLNS. —F, IRE
WEEE ICBE S 3 2 cofffgEcid, EEE—
HWORAENR ) R 7l PMES O % WHIIX
AN TIEARALE, FEHXSE, ki Cldns
WEERELD, A A b Ww 21 X)) ICEHLZD
DODBIFEAETH L. 2D, #EdiNO i
2 WX LA D D 2 7 23K & W ERE B L B
BT & 21T 72 o TR\, # T ORI T,
SERAIATR T — 2 (B KA 2 MEHRE Y v £
—) & —RETEM R OIE R (BRE) F23EH L
BTN O SEBREN 2 3R & L CHiEE DIy
M & B SEBUR E o EOMET 2175, Zhic X
D, FHBERCREMBESESNKZHEL 5 & %
D IEMEL R 2R X, RIHEL o BRI& < o 5f 5
MEto—Be sz b 2T 5.

FE s o R U AR IR & 375, F 3k
EWZ (12 Wy, 18 W) ICHE R AET 2 LIRNE
L, BUANFET — & £y F AT — % % v
THUREHAR, MR, TR, MEREEED
b, [EIREZ I B ER 2> & 250m PEPY (LA T, BREE)
K L Tw s N (EEE R ENTES, B
e, BEho#F) ML 61, A

18
H Al
t; A
& 23
#
>
73

£ B
PN A
[y
1 72 BRE o K v BN 1

B e
[ RN

() O>Ba3

o N A O ® O

fm

St [=—————

=
k-8 20
STNANET
S0P

CEYE T — 2 % o CHli i o8 s M 22
SAEEZA O T L2, 2o DR EZ W
THRPE & & iR e WS oGt 21T - 725 2 T,
BT 30 8 & RS L T 2 — i f 2% o IX
RHEN 2 WE L, BREE Z & o #E i1 %
ERT D,

FER X1 BRI N O T R BRE oA %
WEZA] (12 Wy, 18 1f) 1C/Rd. Pa¥ - HEIGHEME
XA FTFE 3 2 REIEBR, A7 & & b WHUCHE &
PRIE 2 BRARDSEE D AN B ERIER, HiEBR»%
WG & 7R o 72, 2 I —WHRTENERY D 731 %
TR, BRLERICER L v a iz, FAH
BRFE I & s o 72 BIER D2 ZRAMERIC & fE LT
RN SR
FERALETF—2 V7 727

B R ZERIRE G v 2 — (2015) SN
mr—4

BT (2024) VREREEE —REEEER &
QGIS3.36

BEE - AWTIE IR CSIS HL[FEIFFZE No.1201 @
BEO—HE LTCEMLZ. 2 ZICHL THE
BRLIZD,

SEHR

KIEFEZFERS (2015) 2 — I FAERELICEIT S
KERFOEXRENICET 23E —HH RN
X TFEEEHIX coHEf—. THAME L &5
XL, H15%&, FH5%5 60-75.

(B e RO

X 2 : —HRHLEMER DO (500m X v > =)
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— & BRI 5 2 BREEIE D 2R 3T L ZRICO W T ORR
TR Fut!
VEILRS: & T YA v
ytsuchiya@sus.u-toyama.ac.jp
https://researchmap.jp/yasukitsuchiya

1 B EF IR A AERT A4 P2 bRE L 7- 1679.
T2 EWHOICECTHAT 2R 23 A %1 mmmso e saE Kk
TWw3 Wl zIE+E152:(2024)). 2 THEKF ® B B
DENB I EMCTE LA, @ImiE Ry By 0.958 0.977:
eV FRLWBL L CARNT TR v S man 3&?1;;f0952
7 IRAFy VEDERI N WIEHOFES
BISIESioFEIC X Y, =) 7IC X 0 2 IR
zl%w:rbs‘ﬁﬂarb)af;omsé AFHETIEIER ==~
CMAT, ShETHAINTE-ERIRT ESSEsEeE EEsa=m)
—ﬂaw&%ﬁﬁuk%HM&ié.it,un R g
T CHIR DS 2 HFE T T3 7 <, BRH CE i
T2zEE LT
2 Fk s NIRRT BSOS W EES 23 X &
L7z B 7 ROEFIRT — 213K A v b7 —
2TH DD, #BFEt VI AOR/NEFFRALO 4 K i
(500m) A v 2 ML CHEE Lz wiFhproF N
— X CHREIERD 1 LED 2,290 X v 2%y : AT P
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Federated Learning for Improved Road Damage Detection Across Diverse Geographies

Shubham Kumar Dwivedi !, Deeksha Arya 2 and Yoshihide Sekimoto 2
! Department of Civil Engineering, University of Tokyo, 2 Centre for Spatial Information Science, University of Tokyo
''shubham@g.ecc.u-tokyo.ac.jp
1 Objective: This study aims at applying federated On individual country test datasets, the FL model

learning (FL) to road damage detection across Japan, proved to be more robust, outperforming all

Norway, China, and the USA, addressing diverse and centralized models except the country-specific models.
These results highlight the FL model’s ability to

leverage diverse data, resulting in a more generalized

heterogeneous data. Unlike prior smaller-scale studies
with similar datasets [1], our work demonstrates FL's

effectiveness on a broader scale, considering and resilient model compared to traditional centralized

variations in road conditions, infrastructure, inspection approaches. Figure 2 showcases example of road

methods, and environmental factors. damage detected by our proposed FL model on a test

Dataset: This study utilizes the RDD2022 Global
Road Damage Detection Dataset [2], categorizing road
damage into four types: Longitudinal Crack (D00),
Transverse Crack (D10), Alligator Crack (D20), and
Pothole (D40). Tablel below details the characteristics
of the data from these countries. Japan's dataset is
balanced, while China, Norway, and the USA have
imbalances, with D40 underrepresented at 4.2%, 4%,
and 1.2% respectively.

Method: Local country models were trained using
YOLOVSI, and the Flower framework with the FedAvg

image.

5 Reference:
[1] Saha, P. K., Arya, D., & Sekimoto, Y. (2024).
Federated
detection. Computer-Aided Civil and Infrastructure
Engineering,1-16. https://doi.org/10.1111/mice.13186
[2] Arya, D., Maeda, H., Sekimoto, Y. et al. (2022).

learning—based global road damage

RDD2022 — The multinational road damage dataset
CRDDC’2022.

released through
https://doi.org/10.6084/m9.figshare.21431547.v1

06 Performance of Various Models on Multi-Country Test Dataset

strategy was used on the server to aggregate the

parameters from each model. Each country's dataset s 0.490

0.466

was split 90% for training and 10% for testing, and a

1
>

multi-country test set was created by merging the test

=0.5

datasets from all four countries.
4 Result: Our findings show that the federated model
(FL) outperforms country-specific models on a multi-

mAP50@I0U
e
w

e
N

country test dataset. Figure 1 highlights the FL model's
top mAP50 score of 0.49, surpassing Japan's o1
centralized model (CL) by 2.4% and the USA's,
Norway's, and China's models by about 20% and more.

0.0

FL_Model CL_Japan CL_China CL_Norway

Types of Models

CL_USA

o ) ) Figure 1: Performance Comparison of various models
Tablel: Dataset Characteristics of various countries

Japan China Norway USA -
Images 10506 4378 8161 4805
Image Smartphones | Drones & High Google
Capturing Cameraon | resolution | Street View
Device motor bike cameras
Image 600x600 512x512 3650x2044 640x640 =
Resolution -
Road View Wide view Top-down | Extrawide | Wide view . D20 0.66
Captured view, Wide view A\ | —
view
Environment Snowy & Normal Clear grass | Urban areas,
Conditions urban areas light, fields, normal light
shadow snowy and shadow
environment areas, environment
and wet conditions
stains after rain

Figure 2: Road damage detected by federated model
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Prototype of a Web-GIS for the Identification and Monitoring of Urban Heat Islands Using
Python and Landsat Images

Germano, Paulo Jose M. M. e T. !
' PhD - Geography, State University of Maringa — PR. Brazil.
mail-paulojosegermano@gmail.com
https://www.linkedin.com/in/paulojosegermano/

1 Introduction: The study of wurban spaces is enabling their monitoring. The Web-GIS provides

increasingly important in the context of global
population growth, where, since 2007, more people
live in cities than in rural areas. Today, over 50% of the
world's population resides in urban areas, a significant
increase from just 10% a century ago, with this figure
expected to surpass 75% by 2050 (LEITE, 2012).
Urbanization transforms natural spaces into
anthropized environments, leading to microclimatic
changes such as altered wind patterns and the
formation of Urban Heat Islands (UHIs). These UHIs
can negatively impact urban life, contributing to
thermal discomfort and higher energy consumption for
cooling (GERMANO, 2019). According to the EPA
(2008), UHI studies can be categorized into
Atmospheric UHI, using direct measurements, and
Surface UHI, relying on thermal imagery. This study
focuses on the latter, using Landsat images.

Method: The software was developed using Python
3.12, chosen for its extensive libraries and extensions
that facilitate both satellite image processing and the
creation of the Web Geographic Information System
(Web-GIS). The system was structured using the
Visual Studio Code (VS Code) IDE, and its design was
based on a modular architecture (Figure 1).

Module 1: Interface to collect location and date.

Module 2: Log and download satellite data_

Module 3: Process thermal images (Surface Apparent Temperature).

Module 4: Applv mask filter.

Module 4.1: Apply cloud filter.

Module 5: Clip image using json (City boundaries).

Module 6: Assign colors based on temperatures and save maps as .html.

Figure 1: Prototype modules
Result: O The prototype enabled the automation of
several steps essential for UHI studies, such as the
scheduled download of satellite images and their
digital processing to generate surface temperature (ST)
maps in Web-GIS format using Folium. The generated
maps allow visualization of ST values and the
identification of UHIs across different years, as well as

interactivity features such as zoom, pixel temperature
queries, and layer control. The maps can be easily
shared among different users, as they can be saved in
HTML format, requiring only a web browser for use
(Figure 2). The proposed modular structure is easily
managed and allows the creation of additional modules
that can be integrated into the system, such as urban
green space monitoring or statistical data processing
using machine learning. The developed prototype can
be utilized both for academic research on UHIs and by
public agencies responsible for urban space
management, enabling them to take effective measures
against UHI formation.

Data: Satellite images: Landsat 8 and 9 (USGS)
Reference:

LEITE, C. & AWAD, J. di C. M. Sustainable Cities,
Smart Cities: Sustainable Development in an Urban
Planet. Porto Alegre: Bookman, 2012.

GERMANQO, P. J. M. M. T. Remote Sensing Applied
to the Occurrence of Hotspots in Surface Urban Heat
Islands in the City of Maringa — PR — 1984 to 2016.
PhD thesis, State University of Maringa, 2018.

EPA. Environmental Protection Agency. Urban Heat
Islands: Compendium Strategies. 2008. Available at:
https://www.epa.gov/heat-islands/heat-island-
compendium. Accessed on: May 01, 2024.

v @ indexnemi X+

Figure 2: Thermal map .html — SIG WEB
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t.murakami.386@ms.saitama-u.ac.jp!, narut@mail.saitama-u.ac.jp!, yoshida@csis.u-tokyo.ac.jp?
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Mapping Shallow Landslide Areas in Japan: Integrating Remote Sensing and Deep Learning

Boyun Yu !, Takashi Oguchi 2, Kotaro lizuka *
! Graduate School of Frontier Sciences, the University of Tokyo, 2 Center for Spatial Information Science, the
University of Tokyo
ningboyuboyun1@outlook.com

1 Introduction: Shallow landslides involve the rapid 3 Result: Effective features chosen from the analysis

movement of surface soil layers downhill, often
triggered by heavy rainfall and earthquakes. Deep
learning has shown potential in landslide detection
caused by various regional triggers. Recent applications
include the use of a UNet-like model for co-seismic
landslide detection [ and an attention U-Net model for
mapping debris flows . Due to Japan's diverse
geographical conditions, challenges remain in creating
a comprehensive dataset for deep learning and
evaluating different model architectures for accurate
shallow landslide detection. This study aims to address
these issues by developing a robust dataset, identifying
key features, and comparing various models for shallow
landslide detection in Japan.

Method: We focused on three regions in Japan,
Hokkaido, Chubu, and Kyushu, each known for their
vulnerability to landslides due to distinct climatic and
geological conditions. We mapped shallow landslide
areas over these areas and constructed two datasets
comprising approximately 4,000 pairs with a 10-m
resolution and 8,000 pairs with a 3-m resolution. There
are 21 features in these datasets. Some are multispectral
features, including green, red, and other bands. Sentinel-
2 data with a 10-m resolution was used for the 10-m
dataset, while PlanetScope data with a 3.7-m resolution
was used for the 3-m dataset. The paired landslide masks
were created separately based on the type of satellites.
The others are backscatter features from Sentinel-1,
including intensity and entropy; vegetation indices,
including NDVI and NDRE; and topographic features,
including elevation and slope, derived from DEMs of the
Geospatial Information Authority of Japan. Before
training the deep learning models, UNet++ and
DeepLabv3+, we conducted feature selection using
statistical-based analysis, including F-score, separation
index, and correlation metrics, combined with model-
based evaluations, including gradient analysis and
feature ablation. This approach allowed us to identify the
effective features for landslide detection. The models
were then trained and validated on these datasets (80%
for training, 20% for validation), assessing their
performance across two datasets.

include Green, Red, and NDVI due to their high
relative gradient values (e.g., Red: 1.00, NDVI: 0.94)
and significant decrease of F1 score in feature ablation,
with NDVI ranked 1st, Red 2nd, and Green 3rd.
UNet++ excelled on the Sentinel-2 dataset, with an F1
score of (.70, but its performance on the high-
resolution PlanetScope dataset was much lower, with
an F1 score of ca. 0.2 at 3-m resolution, slightly
improving to 0.46 when upscaled to 6 m. In contrast,
DeepLabv3+ performed moderately on the Sentinel-2
dataset, with an F1 score of 0.55, but excelled on the
PlanetScope dataset, achieving an F1 score of 0.69.
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Figure 1: Comparison of models’ performance on
shallow landslide detection datasets.
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Seismic Landslide Detection Through Progressive

Transfer Learning and Lightweight Deep Learning
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Remote Sensing, 62, 1-13

Yokoya, N., et al. (2022). Breaking Limits of Remote

Sensing by Deep Learning From Simulated Data for

Flood and Debris-Flow Mapping. /IEEE Transactions

on Geoscience and Remote Sensing, 60, 1-15.
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Synthetic Human Mobility Generation through Transformer-based Large Language Models

K. Zhang!, Y.Pang? Y.Zhang!, Y. Sekimoto
! Department of Civil Engineering, the University of Tokyo,
2 Center for Spatial Information Science, the University of Tokyo
kyzhang@iis.u-tokyo.ac.jp
https://sekilab.iis.u-tokyo.ac.jp

1 Introduction: This paper introduces the Mobility
Generative Language Model (MobGLM) which
enhances urban transportation planning by integrating
complex relationships between agents' mobility
patterns and associated individual demographics into
detailed human mobility profiles using transformer-
based Large Language Models (LLMs).

2 Method: In this study, we utilized the 2008 Person
Trip (PT) Survey data of the Tokyo metropolitan area,
provided by the Ministry of Land, Infrastructure,
Transport, and Tourism. We extracted individual
multimodal information, including demographics,
activities, locations, and transportation modes, and
developed a comprehensive vocabulary for custom
tokenization. The mobility records of individuals were
transformed into sequences at 15-minute intervals and
fed into our Transformer-based language model
architecture, MobGLM, for autoregressive sequence
generation. Figure 1 illustrates the tokenized daily
human mobility profiles. Additionally, to balance the
model's focus on long-tailed profiles, we applied logit
adjustment (LA), incorporating prior probabilities
before applying the SoftMax function to compute the
cross-entropy loss for each token.

3 Result: Figure 2 compares 8 categories of generated
non-daily activities between MobGLM with or
without LA, and the ground truth. The impact of LA
on mobility generation is clear as the frequency of non-
daily activities including movement, shopping, private
activities, and business activities, shows a marked
increase compared to the ground truth. This adjustment
effectively mitigates the overestimation of daily
activities including staying at home, commuting, and
attending school.

Table 1 illustrates the performance of our fine-tuned
MobGLM compared to other baselines in the mobility
generation task. MobGLM demonstrates substantial

# User's mobility sequences:

["age":55 "Gender":Male "Occupation":Technical _Worker]
"Time stamp:1":["Activity":House "location":103 "Mode":Stay
"Time stamp:2":["Activity":House "location":103 "Mode":Stay]

"Activity":House "location":103 "Mode":Stay

["Activity":House "location":103 "Mode":Stay]
"Activity":Movement "location":Uncertain_Place "Mode":Railway
"Activity":Business_Place "location":1121 "Mode":Stay]
"Activity":Business_Place "location":1121 "Mode":Stay]

1

2

B

4

5 .4

6 "Time stamp:16":
7 "Time stamp:17":
8 "Time stamp:18":
9 "Time stamp:19":
10 "Time stamp:20":

Figure 1: Example of tokenized mobility profile.

improvements over the baselines, achieving an
average performance increase of approximately 5.02%
across four key evaluation metrics. These results
indicate that after fine-tuning, MobGLM significantly
outperforms the fundamental GPT-2 Medium, as well
as other supervised RNN and Markov models.

4 Data:

Person Trip Survey Data (2008, Tokyo Metropolitan)
Small zone map (2008, Tokyo Metropolitan), Mlit

5 Acknowledgments: This study is partially supported

by Council for Science, Technology and Innovation,
“The Third Phase of the Cross-ministerial Strategic
Innovation Promotion Program (SIP) / Development
of Smart Mobility Platform.” (Project Management
Agency: NEDO (Project Code JPNP23023)). In
addition, research results were obtained under JSPS
Grant-in-Aid for Scientific Research 24K 17365.

6 Reference:

Barbosa, H., Barthelemy, M., Ghoshal, G., etal. (2018)
Human mobility: Models and applications. Physics
Reports, 734, 1-74.

Li, Z., Xia, L., Tang, J., et al. (2024) Urbangpt: Spatio-
temporal large language models. Proceedings of the
30th ACM SIGKDD Conference on Knowledge
Discovery and Data Mining, 2024, 5351-5362.

Ground Truth
W MobGLM wio LA
MobGLM

Categories
Figure 2: comparison of non-daily activities frequencies.

Table 1: Model performance comparison.

Model TMR LCSS BLEU ROUGE-L
3rd Order MM 0.7272 0.4855 0.5915 0.6291
LSTM 0.8692 0.3864 08116 0.7622
GRU 0.8702 0.3872 0.8145 0.7639
Transformer XL 0.8309 0.5931 0.8573 0.9016
GPT2 w/o Pre-train 0.3542 0.3395 03325 0.2023
MobGLM w/e LA 0.8855 0.6532 0.8962 0.9415
MobGLM 0.8836 0.6577 (.8955 0.9439
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Improvement of High Accuracy People Flow Simulation
by Comparing Real Data and Synthetic Data

Haruki Adachi ! and Yanbo Pang 2, Yoshihide Sekimoto 2
! Graduate School of Frontier Sciences, University of Tokyo
2 Center for Spatial Information Science, University of Tokyo
haruki@iis.u-tokyo.ac.jp

1 Introduction: When considering smart city policies 3 Result: Figure 1 shows the comparison results of the

including infection control and behavior change, it is
important to reproduce people flow in digital space and
simulate its transition with changes in society and
circumstances. However, large-scale people flow data
including detailed information is not publicly available
for privacy protection reasons, and there are various
restrictions on its use. To solve this problem, the
generation of pseudo data is attracting attention as an
alternative to real data.

In this study, we aimed to improve the accuracy in
generating and using pseudo people flow data by
identifying differences between pseudo data and real
data using basic descriptive statistics.

Method: This study used smartphone GPS location
dataset obtained from the mobile carrier Softbank from
July to August 2023, and synthetic dataset with 24
hours of people flow which was reproduced based on
various available open data such as national census.
Both datasets only include the people flow in the
special wards in Tokyo. As a preprocess, individuals
with fewer than 15 recorded points were excluded
from both data sets.

In this study, all individuals in the real data are
compared together with the synthetic data, without
considering differences by day of the week.

This study compares the distribution of the radius of
gyration and the waiting time at each visited location.
First, each visited locations are identified by detecting
two or more recorded points within the circle with a
radius of 200 meters. Second, the waiting time at each
visited location is calculated from the difference in the
time of the first and the last recorded points for each
visited location. In this study, only the value of w
above 1200 seconds (20 minutes) will be listed for
comparison to exclude short stops which occur while
traveling. Table 1 shows the outline of each dataset.

Table 1: Outline of each dataset

Real data Synthetic data

period 2023-07-22~2023-08-22 2015-10-01

area Special wards of Tokyo Special wards of Tokyo

distribution of radius of gyration and waiting time for
real GPS data and the synthetic data. The probability
shows large differences for short waiting times below
10,000 seconds and long waiting times between
40,000 and 60,000 seconds. This indicates that the
synthetic data does not fully capture the temporal
patterns of human activity compared to the real data.
Additionally, the distribution of radius of gyration for
both the real and synthetic data is also illustrated in
Figure 1. As it can be seen, the relative frequency in
the synthetic data gradually decreases as the action
radius increases, whereas in the real data, the
proportion of data with an action radius of 0 to 1 km is
significantly larger. One possible reason for this
difference is that the synthetic data includes human
flow even after individuals leave the 23 wards of
Tokyo if their starting point was within the 23 wards,
while the real data is limited to activities that occurred
entirely within the boundaries of the 23 wards.

Data:

Smartphone GPS location data (July ~ August 2023),
Softbank

Pseudo people flow data, CSIS, Sekimoto Lab
Reference:

Gonzalez, M. C., Hidalgo, C. A., & Barabasi, A. L.
(2008). Understanding individual human mobility
patterns. nature, 453(7196), 779-782.

Kashiyama, T., Pang, Y., Shibuya, Y., Yabe, T., &
Sekimoto, Y. (2024). Nationwide synthetic human
mobility dataset construction from limited travel
surveys and open data. Computer -Aided Civil and
Infrastructure Engineering.

distribution of the radius of gyration le-5 distribution of waiting time

) synthetic data
3 real data

[ synthetic data
[ real data

010000 20000 30000 40000 50000 60000 70000 80000 90000
waiting time (s)

6 1 8 9
radius of gyration (km)

Number of users 1,707,422 9,856,992 Figure 1: Comparison results of the distribution of radius of

Number of logs 1,827,825,300 by spatio-temporal interpolation method gyration and waiting time for real data and synthetic data
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Utilizing Agent-Based Modeling to Simulate Pedestrian Behavior for the Development of 15-

Minute Walkable Urban Areas

Yuwei SONG! ; Yanbo Pang? ; Yoshihide SEKIMOTO 2
! Civil Engineering Department, The University of Tokyo, 2 Center for Spatial Information Center

song-yuwei973@g.ecc.u-tokyo.ac.jp

https://sekilab.iis.u-tokyo.ac.jp/

1 Introduction: More and more research improve that

walking boosts local economic vitality and
recreational walking near home reflects a region's
living potential, crucial for new district development
and congestion relief (Su, S. et al, 2017). Therefore,
the 15-minutes walking circle concept is gaining
popularity, emphasizing recreational walking near
home (Abbiasov, T. et al., 2024). However, current
urban planning often lacks comprehensive pedestrian
behavior models, and transportation planning typically
overlooks individual behaviors (Huynh, N.N. et al,
2014). This study bridges this gap by establishing an
individual-level pedestrian generation model to
simulate the pedestrian travel within a 15-minutes
walkable isochrone.

Method: This study uses data from the Tokyo
Metropolitan Area's Person Trip Survey and POI
datasets to develop a pedestrian generation model
within a 15-minute walking radius. The model predicts
whether individuals will engage in home-based leisure
walking, departure time and if their destination falls
within a 15-minute walkable radius. The model assigns
demographic attributes (e.g., income, gender, age) and
environmental attributes (e.g., accessibility scores)
and trip attributes to agents. We calculates accessibility
scores based points of interest within 15-minute
walking distance.

Result: The model utilizes machine learning
(AutoML) for trip prediction and employs XGBoost
for departure time and destination prediction. The trip
frequency prediction model uses demographic
attributes (income, gender, age, occupation) and
environmental attributes (15-minute walkability score)
as inputs to predict the number of walking trips. It
achieved an accuracy of 0.85 on the test set, with
visualizing the predicted versus actual walking trips
for each zone. The results are presented in the Figure.
The departure time prediction model takes trip
attributes (total number of trips, trip sequence),
demographic attributes, and environmental attributes
as inputs, predicting the departure time in hours. This
model achieved an R? value of 0.41, with a Mean
Absolute Error (MAE) of 2.05 hours (Tablel) . The

Correlation between True and Predicted Walking Trip Generation

ri
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Predicted Values of Walking Trip Generation per Distric

0

0 5 10 15 20 25 30 35 40
True Values of Walking Trip Generation per District

Figure 1. Correlation between Ture and Predicted
Walking Trip Generation

destination prediction model uses similar inputs to
predict whether the destination falls within the 15-
minute walkable radius. The model achieved a
weighted F1 score of 0.61, indicating moderate
performance in distinguishing between destinations
within and outside the 15-minute radius.

Table 1: Evaluation of Departure Time Prediction

Index Value Formula

R square 0.41446 R i)
O Xhm-or
MAE 2.05393 MAE — lij\yﬁﬁi\

i=1

=
— = —41:)2
RMSE = 4/ ;(yz i)

MAPE — 100% S ‘
noa Yi

RMSE 2.66291

MAPE 18.50852

4 Reference:
Abbiasov, T., Heine, C., Sabouri, S., Salazar-Miranda, A.,

Santi, P., Glaeser, E. and Ratti, C., 2024. The 15-
minute city quantified using human mobility
data. Nature Human Behaviour, 8(3), pp.445-455.

Huynh, N.N., Cao, V., Wickramasuriya Denagamage, R.,

Berryman, M., Perez, P. and Barthelemy, J., 2014. An
agent based model for the simulation of road traffic
and transport demand in a Sydney metropolitan area.

Su, S., Pi, J., Xie, H., Cai, Z. and Weng, M., 2017.

Community deprivation, walkability, and public
health: Highlighting the social inequalities in land use
planning for health promotion. Land Use Policy, 67,
pp.315-326.
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Developing an Urban Mobility Simulation Tool for Public Transportation Scenarios

Jue Ma !, Yanbo Pang ! and Yoshihide Sekimoto !
1 CSIS, The University of Tokyo
majue@csis.u-tokyo.ac.jp

1 Introduction: This research  proposes the input specific conditions for on-demand transportation

development of a digital simulation tool that integrates
high-precision mobility data and a substantial amount
of spatial data. Two public transportation scenarios are
simulated in this tool: 1) evaluating public
transportation users demand and 2) incorporating on-
demand transportation service. This tool aims to
simulate and predict the costs and impacts of public
transportation strategies quickly and affordably,
supporting the development of efficient and
sustainable future cities.

Method: This study used Pseudo People Flow data
provided by JoRAS, CSIS, UTokyo (Kashiyama et al.,
2024 ) . In the first scenario (evaluating public
transportation user demand), we hypothesize that
increasing bus service frequency will lead to a rise in
passengers. The increase of passengers and the
corresponding revenue and cost balance are estimated
in this scenario. Bus schedules are retrieved through
the GTFS Data Repository API, then read and
converted into an editable format timetable. Upon user
input of additional bus schedules, future passengers are
calculated by applying a transportation mode choice
model, combined with Pseudo People Flow data. In the
second  scenario  (incorporating  on-demand
transportation), we assume one case that bus services
are reduced and replaced with on-demand
transportation to meet the existing passenger demand.
We simulate a comparison between the current bus-
based system and the proposed on-demand service in
terms of revenue and cost. By filtering Pseudo People
Flow data, we identify the passengers of the selected
bus route. After the bus schedule to be canceled
determined by the user, the demand is reallocated to
on-demand transportation, allowing us to estimate the
projected financial outcomes. Additionally, users can

V4TV~ T TY—N— 7’7')7—:‘/5‘/ F—IR—=2
Je m TN Request At
i — thon
® &8 now [ @edho PestGIS
; & ©
AF= TIV Bl gocker . O@FastAPI
l t """"" e - Response
React  script CSIS
==
IH FUATRF -5 GTFSF—51
RFVANTTAI—ER Web API RS kU AP
ZO0YkIVE NyIIVE

Figure 1: System Structure of The Digital Tool

to perform more precise calculations.

Result: Figure 1 illustrates the system structure of the
digital tool. The system is implemented as a web
application and consists of two components: the front
end and the back end. The front-end handles parameter
inputs from the user and transmits them to the back end
for data storage and simulation processing. The final
simulation results are stored and displayed on the
front-end interface (Figure 2). This study successfully
developed a digital simulation tool to assist in public
transportation planning.

Data:

Pseudo People Flow data (ver. 2) from JoRAS, CSIS.
GTEFS data from GTFS Data Repository.
Acknowledgments : This study was the result of the
Joint Research Program with CSIS, the University of
Tokyo (No. 1336) and used the following data: pseudo
people flow data provided by CSIS and bus GTFS data
(https://gtfs-data.jp/) provided by AIGID.

Reference:

Kashiyama, T., Pang, Y., Shibuya, Y., Yabe, T., &
Sekimoto, Y. (2024). Nationwide synthetic human
mobility dataset construction from limited travel
surveys and open data. Computer-Aided Civil and
Infrastructure Engineering, 39(2), 146-165.

D

Figure 2: The User Interface of the Digital Tool
(Background Map Source: GSI Maps)

PLEASE KEEP CONFIDENTIAL

ONLY AVAILABLE FOR CSIS DAYS 2024 PARTICIPANTS  ver.3



Research Abstracts on
Spatial Information Science

CSIS DAYS 2024

B14

Enhancing Building Extraction Models Across Diverse Land Use Types and Regions:
A Transfer Learning Approach for Bangkok Province, Thailand

Bhanu Prasad Chintakindi' , Shenglong Chen? and Yoshihide Sekimoto?
"Department of Civil Engineering, The University of Tokyo
2Center for Spatial Information Science, The University of Tokyo

bhanu@g.ecc.u-tokyo.ac.jp
https://sekilab.iis.u-tokyo.ac.jp/human-centered-urban-informatics

1 Introduction: achieving high F1 scores in Rural, Built-Up, Sub-

Building footprint extraction from satellite imagery is
crucial for urban planning, disaster response, and
environmental monitoring. However, accuracy varies
across regions and land use types due to diverse
building characteristics, terrain, and vegetation. We
propose a high-speed building extraction framework
using YOLOVS for the ASEAN region, focusing on
tailored models for specific land use types and regions,

and leveraging transfer learning for improved accuracy.

The current research finding is focused on Thailand’s
capital province: Bangkok diverse land-use-types of
the ASEAN region.

Method:

Our methodology involves training YOLOv8-based
building extraction models for distinct land use types,
including rural, built-up, suburban, urban, and
commercial areas, specifically within the ASEAN
region. To enhance model performance, we utilize
transfer learning techniques, such as fine-tuning for
similar land use types or regions, and domain
adaptation for significant regional differences.
Additionally, we incorporate multi-task learning to
improve performance across multiple land use types.
This comprehensive approach aims to enhance model
generalization and accuracy, enabling high-speed
building extraction across diverse environments.
Result:

The YOLOv8x-seg models demonstrate outstanding
performance in their designated land use types (LUTSs),

Table 1: F1 score (iou = 0.5, conf = 0.3) Matrix of
the Individual Land-Use-Type Building Models in
Different Land-Use-Types

F1 score (iou = 0.5, conf =0.3)

Individual Land-Use-Type Building Models

Land-Use-Type Test Areas

Rural Built-Up Sub-Urban Urban Commercial
Rural 0.83 0.62 0.63 0.62 0.63
Built-Up 0.6 0.81 0.61 0.6 0.61
Sub-Urban 0.56 0.55 0.82 0.56 0.59
Urban 0.61 0.6 0.61 0.77 0.62
Commercial 0.49 0.47 0.49 0.48 0.73
ALUT 0.56 0.55 0.56 0.54 0.61
Model Architecture YOLOV8x-seg

Urban, and Commercial areas. While the models excel
in their native LUTs, transfer learning has significantly
expanded their capabilities, enabling them to perform
more effectively across various LUTs. This approach
has successfully enhanced the models' adaptability to
diverse building patterns, showcasing their improved
versatility and broader applicability that can be
extended across different land-use types across the
ASEAN region.

Data:

30cm resolution satellite imagery from Mapbox (open-
source) and ~2 million building footprints from the
Bangkok GIS portal (open-source) of Bangkok.
Reference:

Chen, S., Ogawa, Y., Zhao, C., & Sekimoto, Y. (2023).
Large-scale individual building extraction from open-
source satellite imagery via super-resolution-based
instance segmentation approach. ISPRS Journal of
Photogrammetry and Remote Sensing, 195, 129-152.
Chintakindi, B. P., Ogawa, Y., Chen, S., & Sekimoto,
Y. (2024, July 7-12). Revamping Building Extraction
with  YOLOvVS: A Multi-Domain Assessment in
Bangkok's Diverse Land-Use-Types. In Proceedings
of the 2024 IEEE International Geoscience and
Remote Sensing Symposium (IGARSS), Athens, Greece.

Buitup Hodel Subyrban Model Urban Model

Figure 1: Predicted results by Individual Land-Use-
Type Models and corresponding source image and
ground truth label in (a) Rural Area, (b) BuiltUp
Area, (c¢) SubUrban Area, (d) Urban Area, and (e)
Commercial Area.
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Construct spatio-temporal urban knowledge graph for variety urban mobility tasks
Ziheng LIU !, Yanbo PANG and Yoshihide SEKIMOTO 2
! Department of Advanced Interdisciplinary Studies, the University of Tokyo, 2 Center for Spatial Information Science,
the University of Tokyo
liu-zh@csis.u-tokyo.ac.jp

1 Introduction: Knowledge Graph (KG) use graph- Table 1: The statistics of raw data

based structures to capture heteroheneous knowledge Dataset Entity Relation
in application scenarios, which also applies to the field Administrative # of Borough nearBy
of urban computing. However, traditional construction division # of Area nearBy,
belongsTo
methods for urban knowledge graphs often rely on locatcsAt
static data sources, which may not accurately capture POI # of POL hasType,
dynamic relationships over time. To address this # of POI types -
limitation, this study aims to develop a Dynamic . . nearBy,
Spatio-temporal Urban Knowledge Graph (DST- Mobile OD # of Region b(e)lgr;:%sTo,
oW

UrbanKG) by leveraging deep learning and multiple
spatio-temporal datasets.
Method: We acquire urban knowledge for Shizuoka
city from 3 data types: Administrative data, point-of-
interest (POI) data, and mobile OD data. Initially, we
extract regional features and mobility patterns as
entities and relations to construct the UrbanKG. The
UrbanKG is defined as a graph G = (€, R, F), where
E, R,and F is the set of entities, relations, and facts,
respectively.  Especially, the fact se F =
{(h,r,t) | h,t € Er € R}, where each triplet
(h,7,t) describe that head entity h is connected with
tail entity t via relation r. As shown in Table 1, we
extract 5 types of entities and 5 main types of relations.
Specifically, there are a total of 11 relationships: (1)
Borough/Area/Region nearBy Borough/Area/Region
(BNB/ANA/RNR). (2) Area/Region belongsTo
Borough/Area (ABB/RBA/RBB). (3) POI locatesAt
Borough/Area/Region (PLB/PLA/PLR). (4) Region
ODFlow Region (ROR). (5) POI hasType POI types
(PHPT).
We then incorporate timestamps from mobile OD data
to build the DST-UrbanKG. Considering the temporal
characteristic, we create synthetic time-dependent
relations by concatenating relations with timestamps
to maintain triples, ie., F ={(h,r:7,t) | h,t €
E,r € R}, where r:7 represents the relation with
timestamp. This is different from temporal KG that
using timestamps as quadruples, not only can be easily
applied to existing models, but also saves
computational costs.
Data:
Administrative Division data, Borough and town area,
Shizuoka City
POI data, from Zenrin Telepoint

Aggregated Origin-Destination (OD) people flow
volume data, from Softbank

Result: Figure 1 shows a partial visualization of the
DST-UrbanKG, where different data are linked to each
other. Compared to the traditional static knowledge
graph, urban activities and mobility patterns at
different time periods can be tracked through the
timestamp annotation of edges to further analyze the
patterns of these activities over time.

Future direction:

In the future, we aim to leverage this enriched
knowledge  graph  for  Retrieval-Augmented
Generation (RAG) tasks. By dynamically retrieving
relevant urban and mobility data from DST-UrbanKG,
RAG models can generate more contextually informed
responses, aiding in real-time urban planning,
transportation optimization, and decision-making.
Reference:

Ning, Y., Liu, H., Wang, H., Zeng, Z., & Xiong, H.
(2024). UUKG: unified urban knowledge graph
dataset for urban spatiotemporal prediction. Advances
in Neural Information Processing Systems, 36.

Cai, B., Xiang, Y., Gao, L., Zhang, H., Li, Y., & Li, J.
(2022). Temporal knowledge graph completion: A
survey. arXiv preprint arXiv:2201.08236.

L st .
Area v @ a o
e
Borough = ® a
POI & v o
POI Type - b o o
& & »

Figure 1: DST-UrbanKG partial visualization of Neo4j
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Human-wildlife Conflict Distribution Agricultural-based Livelihood:

A Case Study in Nuwara Eliya and Thalawakelle Divisional Secretariat Divisions, Sri Lanka
C.A. Mahanayakage' and T. Morimoto?
' Degree Programs in Life and Earth Sciences, University of Tsukuba 2 Institute of Life and Environmental Sciences, University of Tsukuba

52030281 @u.tsukuba.ac.jp

1. Introduction: The human-wildlife conflict (HWC)
occurs when the needs of wildlife interfere with those
of humans, leading to adverse outcomes for both
communities and wildlife. It is a complex and urgent
issue facing wildlife management and conservation.
HWC is increasingly common in Kenya, Brazil,
Colombia, Japan, India, Nepal, and Sri Lanka,
negatively impacting livelihoods, food security, and
well-being. More research is needed, especially in Sri
Lanka, which this study aims to address. The main
objective is to evaluate the area's human-wildlife
conflict and economic loss by preparing a spatial
distribution map of HWC. Human-wildlife conflict
(HWC) analysis studies behavior patterns related to
climate, habitat conditions, and changing land uses,
providing spatial decision support to prevent
agricultural expansion and urban development.

2. Method: The primary data collection methods
included a questionnaire survey and expert opinions
on human-wildlife conflict (HWC) in the Central
Highlands. A pilot survey in selected GN divisions
provided valuable feedback before collecting primary
data. During the survey, primary data was collected on
farmland using random sampling to ensure robust
statistical analysis. In Spatial analysis, we use inverse
distance weighted techniques (IDW). We surveyed
720 farmers across 72 GN divisions online to
investigate the factors of the actual situation of HWC
occurrence, utilizing the Analytical Hierarchy Process
(AHP) to gather opinions and valuations from various
experts.

3. Result: The impact of HWC on human populations
and their livelihoods is severe and multifaceted. These
may range from crop damage to infrastructure
(boreholes and other water points, fences) to livestock
killings and attacks on humans. Wildlife can also
assist in the spreading of livestock diseases, further

Table 1: Animal Damages in the Study Area

Type of Damage | Number of Cases
Crop 615
Infrastructure 33
Livestock 92
Attack to Human 57

exacerbating the situation. This multifaceted nature of the

impacts should raise serious concerns among us. (Eduard

Gargallo, 2021). Because of HWC, the people of the study

area faced financial, social, and cultural losses. The study

showed animal damage to the following four sectors

(Table 1). Nuwara Eliya DSD, crop damage by wildlife

primarily occurred at night during misty conditions,

making it challenging to detect crop-raiding animals

(Joshi et al., 2020). The climate conditions in Nuwara

Eliya DSD, which are often cloudy and rainy, have

exacerbated this issue. The study also revealed the

different natures and magnitudes of crop damage by
various wild animals, with other animals being active
during different times of the day or night. Many GNDs

(Figure 01) have recorded conflicts with multiple animals,

causing crop damage. Wild boars, Porcupines, and Sambar

deer were known to raid crops at night, while Toque
macaques and Birds were active during the daytime.

Additionally, Bandicoots and other animals caused

damage around the clock.

5. Data: Forest cover data - Remote sensing unit,
Department of Forest Conservation, Sri Lanka.

6. Acknowledgments: I want to thank the University of
Tsukuba and my field staff for their support. JSPS
KAKENHI Grant Number23K00997 supported this
presentation.

7. Reference: Gargallo, E. (2021). Human-Wildlife

Conflict in a ‘successful” Community Conservation
Programme: Economic and territorial impacts on
Namibia’s  conservancies. Journal of  Arid
Environments, 193.
Joshi, G., Neupane, B., Dahal, D., Shrestha, S., Dhakal,
P., Jandug, C. M. B. & Gautam, D. (2020). Assessment
of human-wildlife conflict in Kailali district of Nepal.
Journal of Animal Diversity, 2(3), 24-36.

Figure 1: Crop damage distribution in the study area
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Spatiotemporal Changes of Wetlands in the Colombo Municipal Council Area, Sri Lanka
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1 Introduction: Reducing wetlands is a major in CMC, and a significant change of 31.07 km? can

problem facing Sri Lanka and many other countries. In
the area of the Colombo Municipal Council (CMC),
human activities have significantly damaged wetlands,
leading to a rapid decrease in their extent. Despite
these challenges, Colombo City was recognized as a
Wetland City under the Ramsar Convention in 2018
due to its ecological importance and the vital role its
wetlands play in urban sustainability. This study is
significant as it comprehensively analyzes
spatiotemporal changes in wetlands within the CMC,
an area of critical ecological and economic importance
in Sri Lanka. By examining the patterns and drivers of
wetland changes over time, this research will fill a vital
gap in understanding the impact of urbanization using
temporal and spatial changes in wetlands within the
CMC region from 1997 to 2023.

Method: A mixed-methods approach was employed
for this research. Satellite images were obtained from
the Landsat imageries available on the United States
Geological Survey (USGS) website for the years 1997,
2006, 2015, and 2023 to assess changes over time. The
images were carefully selected to ensure they were
cloud-free and covered the required temporal span.
Change detection techniques, such as Normalized
Difference Vegetation Index (NDVI) Differencing,
were utilized to identify areas where wetlands have
changed. Additionally, classified land cover maps
were compared across different years to quantify
wetland area changes.

The quantified data was used for statistical analysis to
predict future wetland changes, employing the
following equation: TC = Temporal Change, (E;) Values
ofthe base year, (£2) Values of

E, — E .
TC= [% X nx] +E,| the  Considering Year, (nx)

Period of prediction, (4y)
Difference between the E; and E: year. Furthermore,
focused group discussions and interviews were
conducted with 5 out of 30 officials from the Sri Lanka
Land Development Corporation (SLDC) to confirm
the reasons for land use changes.

Result: Figurel shows the classified spatial and
temporal changes of land cover maps for different
years of 1997, 2003, 2013, and 2023 respectively,
spatial change of wetlands can be noticed everywhere

be observed from 1997 to 2006 period. However,
according to Table 1, from 1997 to 2023, the extent of
wetland loss in the CMC is 46.584 km?.

The decrease in wetlands was primarily driven by
urbanization-oriented activities, such as development
projects, reclamation of marshes for housing, and
unauthorized construction, with wetland reclamation
for development being the leading cause. The study
predicts that by 2028, the wetlands will be reduced to
6.304km? and could be entirely transformed into other
land use patterns by 2033 (Table 1). To address this
issue, sustainable development strategies must be
implemented in the area, utilizing the expertise of
specialists to promote development while preserving
wetlands. Additionally, the establishment of policies
and regulations is essential to protect and sustain the
remaining wetlands.

Data: United States Geological Survey (USGS)
website, and field survey data 2023.

5. Acknowledgment: This presentation was supported

by JSPS KAKENHI Grant Number 23K00997.

Figure 1: Spatial changes of wetlands in CMC from

1997 to 2023

1997 2006 2015 2023

5 Legend w
& % : I vietond [ Ganeniancs
e S o e s b N e

Source: USGS website data 2023

Table 1: Projected Changes in Wetland Extent for 2028

and 2033
Land use type | (E1) Land | (E2) Land (E2-E1) 2028 land 2033 land
extends extends Land extend(km?) | extend(km?)
1997(km?) | 2023(km?) | Extends(km?)
Wetlands 61.515 14.931 -46.584 6.304 -2.322

Built-up area | 132.24 | 295.677 163.437 325.94 356.209

Barrenland | 13444 | 70.785 -63.655 58.997 47.209

Green spaces | 73.827 | 20.637 -53.19 10.78 -32.553

Source: Calculated using remote sensing (RS) image
analysis, 2023
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3~57% 1,128,536 191,192 16. 9% 387,827 34.4%
5~107 2,406, 902 695, 483 28.9% 1,248,417 51.9%
10~2073 4,166,604 1,783,550 42.8% 2,874,117 69. 0%
20~3073 2,579,423 1,047,056 40. 6% 1,779,987 69. 0%
30~507 2,502,383 1,031,288 41.2% 1,757,862 10.2%
505k 1,105, 698 584, 825 52.9% 916, 867 82.9
EINE} ] 15,074,935 5,472, 206 36. 3% 9,245,222 61.3%

TRESAOREOEE LB 5,

K2l FInro [FEbREE] 2206 1 kn,
2 kmEND [500m A v =] ICEET 20
M 7% HilTA o AAHERNICR S, 1knds X O 2 kn
BN EE T 2/NEoEIG B2 N OfE (1
kmBB N 36%, 2 kmBEN 61%) % E[EloTuw/7=0
1%, 10 J ALLEDTHTFNIZIR 5 T 7z

) LR, [FELRE | ~DT 7+
ZAFETHEBICRE SN TV B Z E AL 72, 7
B, dbE B L AT ic A R s L O 7
EhEE | RERLTh AR, M5 7L
bRE] BHDZDTThd o7
FRLETF—%:
MNEF(2023). &b B8R ERET
<https://kodomohinkon.go.jp/help/link_kodom
o/>.
[ 2258 4 [ - bR e (2018)500m A v & = BIfF
AR AR T — 2 (H30 EBUR R
https://nlftp.mlit.go.jp/ksj/gml/datalist/KsjTmp
lt-mesh500h30.html.
e - ABFFE 1L K CSIS #EFIRFFE No.1227 DX
Fo—#HE LTEMLE 22K THEER
L7z,
SEZ B -
NPO iEAEEC &b BEHZEX Y X — - TV
%2 (2023) z ¥ b A& H 1T D Ww T .
https://musubie.org/kodomosyokudo/.
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IO RSF Y A7 2 7 i X 5 BEEE OISR O 2T DA~

&l fe L, i gt
VISR A R
fa21w073@guh.u-hyogo.ac.jp

By L) ClE 2016 4E X Y == — |
T ABEO—BRE LTRSS A X TERER
L7z RO EEREIL VICNT 2H) A s
ThabTw b EIIHHNEE T, RFY 7
A 7 OB ARt CHIEULGRMEE K & A
CER) LT3 —F T, — s cIZR5F ) 7 2
78 A LIRSS HEREHE O FAER S v & v 5 (T
B EOMED B 5 AR Tk, AR ICEI L
THRSFY 7 A 7 OfEIFHRCEBREEG DA —
Ty T =2 %R LR H AT HRHIERERO
WEIRIC B 72 2 BB R E BTN L 7.
5k P SR e RN e 2 o JE
Skm DIEHEHIIH X v & 2 & L 7= % 300 )1 i A3
REEL TV 3 RSP0 7 A T 0 R E A E RS
F—RE RERF—F T2 h s R—
D HERHEEFAERN D T — % % ,QGIS ZFIH L
EAERDIR 2 v v 2 Bif i CHEFFL 2.2 D kT
2020 4 0 EEFE,2016 E O v ¥ AEH)
HEEREEAS LT -2 X—=2 L L7
CONHHAT — & — 2122w T, JMP
Prol7.3.0 %G L H¥nE ¥ 4L % gt BHEL, [ 24
PEC RS ) A A ZEE R FALH L L,BIC
HEIC X BERRAEIC X AERIFON 2 B Xk

277

3 KRR T IZHUBERRE X 4 v OEEHERLE] & T FH TN

T & Z O JE Skm D HEPH % X 5 1 HEHb 5
A ial ko 2022 FEDNisE BEEEICBE S 5 55
BEREOHBAERLZKTH 5.2 1 13md)d
D 2022 F D fitaHE [ in 5 7 O F A R PRa BAZE
BEL,ZDA Yy 2 ANORESCRFE YR

Eﬂ}\m

DEREERBCRSTF Y 71 A T8 & HAERE LCH]
L 7-ERRESITOMERTH 5.2 DFER2 S (13,
RSP0 7 A TREPEADOREEE & > TE Y
HICHEBE R E o TEY BSFV X T
HEZEHEOMIEFhE DR D 72 & v 2 B D
T EERE 2 14 ~5 F R0 O A O (R X
FEICHEETH Y ,20 FFLLEo AODREUE L &I
FECTH-> - MEABHBICE L T3t AE 2
2 A~5 NDBEMESIEICHRE & v #EEAES
N7 St e )T & B 5km i B 54— 7
v 7 — &2 TR EE 7 fth o JERE ClRIBE O 00T %
BIBITETDHS.

fERHLET— &

RSN B 31 %15 () QONTAS HUR U 1 F =i a i
B ) R R

[RHEEF — 7 F— & hxnur~=— | LR
[E 2 (2020) #2375 & v 3 2 G 8EH £(2016) |
=Y AN

[E - EAEEHR LY v a— P34 ] By

ZEIH

HgEdE, MEFAE, RRZEA, IHHHE(2022),
PREBEIIC 350 2 BB EER & HERE TR &
DR, HAREELGFHI R CE 5 87 & B
791 5, 123-132.

I (2022), EHAUZAMFBAR D 2 A3 KR 1
WA T 7 L 2 U Y — X https://www.city.
kakogawa.lg.jp/material/files/group/1/kiji20220307ke
ihouhanninchikensuugenshouritsugaoohabanigenshou
pdf (A& T 7 & 2 H 2024/07/25).

%
J?S £ 12 )TN o fifide B fn s 5 o FEAE R B 5
2 H[\FESHT DGR

& b S s O gl VA N NH2022 BEE 4 HESE
e PEEET PSR LM AT N [ x—x EE |BEE [FHA [FE [Pl
e s EEm A SO YR -0.043 1| 000 000  1.00
b EEER N Y S an | HEFE St BR B J0.072 1| 61.98 11.44[>0.001
S S Na A ’ EEME 1~5&k8 BK 0.017 1| 121.33] 22.40[>0.001
s , BEEHE 2 0&LE #BH ~0.019 1| 226.23[ 41.77[>0.001
""" ez i 0~14mA0 #REK -0.051 1| 169.39] 31.27[>0.001
I o NN | 15~64@A0 K -0.010 1| 102.59| 18.94/>0.001
""" JjoA D 2 NS —Ag it 0.053 1| 215.03| 39.70[>0.001
Rl e IAEES —IREEK 0.037 1| 30.46] 5.62[>0.001
MR & 4 VIS HR PR L 7 Mgt R 0 5 B E R o (42022 48) & 3B L TSR 4 ANHHEH —REHEH 0.115 1| 156.42| 28.88(>0.001
5AREH R 0.190 1| 141.19] 26.07[>0.001
Ll & % o J&i4 Skm i N O fitg 5 A iz B h A 5K ~0.090 1| 47.91] 8.85>0.001
HLIC R 2 HERHE K 0 502022 4F) R DR 0.677 1| 56.51| 10.43]>0.001
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FEERG RO LWKEY 2 7 oEBEREHHAOEBELICHES
ANRAICEF 2 LHEEY X272 ) 7THOEERNAD - HEH O ORRET
PTG ER 1, I EE
0 U NV N S e RO S
fa20n082@guh.u-hyogo.ac.jp

1 B : 2024 4 1 HicRAE L -eskBtiEices DK ERICHFEE O E 2 B3 2 AlRETE S @ v &

WC, )INEALER % Frul & L 72 dbBEth S o &4 ¢
WK ERFAE L, WNER(2024)1c X, A
B2 hOIcEBoREFRE, L SEEFICI VI
F 260 4. EIEE 1,323 4 OEKR BB ERFE
L7z, I HICHEE - SHEDOZGEA v 7 7 Oifi L
ZICHES LR D RE, &)1 - A - ETK
B O UGB EMIER I b R AP EIEL, #EE
DAEEEIH, HEHEICHERRFENLE L. Th
L ORI E BT 2584 513, B D e HEE
DT —ZBATFREETH 5 2015 4E, 2020 £ D [H
BEBED 20D 1 A Yy 2(LIF4RA Y v
2)EEHER B X AR S LT v B BRI - 5
BicET2&Eo+r—7vF—2%2Hw<T, A
BHO+WEEDY) 227 ) TicE T 2 EMER

ANBR B e IR e L O B L2 (4 1).

T oI IR ER RO BER 21T, b
OHHEHDKEY 227 ) 7HOBHEEN AL
MIEFER O Z L O BERE R &, FEEEG]IRFIC
B AEERIEHAO B LT HKEY =
7 DEBALDEEIC O W T OB Z 1T - 7=,

ik AR 2T Rl & L CRE L,
B ATRetE AD O HEEHIEE 2 iR 3~ 2 720, JR{E
AlHE L E 2 LN B HIE D R DHEE 21T - 7. Bk
i, EEHEED 4 KA v > 2 5 D O B -
WA LA O B 3 & 22 K D L, ©
O il FHAEIE & A1) 58 B A X I8 S OV Il R [X
WoMEIc oW, mEES R ETY, VA2
T Y THALE 2020 FAE 2015 FAODE
EREL -

R R L IcHBELRD I X 2HEEHER AR L 72
AINERNOHETA - A0 - i IcB 3 2 BRI o
TWHREY R 7Y THD 2015 F RO 2020 F

Ez b s B AL - o R ERE R E R T
TWEKEY 272 ) THICEWT 2015 25
2020 FoMRIcE T 2 Z{kD TR & L CTIAMHE
MR I N0, 6 ARHOHEE D WS
WE, EFEER A TS o 2. W BIE R A3
RInNEENAOPHEE L L, SiiE A
o, SEAANLD, By Ektsdccs v, Nl -
AE(Q2023)3FEE L 7=t 5o 2 iF 4 I Th
MR L 7ML AR OAER BB O N TS, Th
LoEMEAORHE R, VA7) Th ook
ML T 3 2 i L, Wi B EY
27 ) 7 HNOERLICHE S mEn A D o#E e
TWEEY R 72 ) T TH o T b BEINEE A A
LTz,

4 FRLET—4%:

MESBHERE T — 2 A0 L (2015 4 -
2020 4F) | #BEHHHMEHERIEHR > 2 7 4
[4 XXy v 2R T — 2 | RBEREHRGEH
B Y AT &

[ S FER IR T — % (2022 4F) | E 42858
BETBEFEHRX Y ve—F¥ A4 b

AEE - AV L E 20w A, AR A —
TvTr—2 L TRELTWE T 2oFfHIC
FOVFEHRLZ T LTHEEZRLZ V.
SEXE ¢

JIlTEE - 55 B (2023) JTakiE o L SEEEm
XIAN D N & 2 024k, el sgn v 7 7
L v A, https://doi.org/10.11487/oukan. 2023.
0_C-2-5,

P (2024) A0 6 SFREEEEHIEICH T 5 5
HORMY, THNREIFE G hitps://www.
bousai.go.jp/jishin/noto/taisaku_wg_02/pdf/siry

02.pdf(2024 5 8 H 21 Hif& 7 7 & %)

F 1 A)INEAN LR S EEERIXIN D 2015 £ 5
2020 4 o JE R HE R A 55 o B (T HI)

= N e N " [ 23] a

pxq | 07148 |158ELLE | 157648 |65AELLE | T5RELLE | SHEIA s By BHES O | BIHRBOHD
‘ WA | AORH| Ao | Anem| Anen| Anen| ADek| Aoes | TRERR(ERROLS] Cpues | " “Rusn
AMETHT -~15] -2| ~14] -12] -2 0 0 -2 of -1 of
BT -161 ~217] -131 ~136 6 28] 8 ~25] -6 8 3
P 422 BT —s08] 270 -35] 36 15| -39 29 31 3
&R ~596 ~163 -634 ~167 134 314] 19] 61 ~74] 60 30|
7K BT ~84] 5 ~69] ~62] -1 -5 2 ~24] 4 7 ~13]
5 HE 171 -31 -123 -1 ~12] ] 2 ~24] -5 12] 6
tREH ~335 ~67] -2175 292 17] -5 3 ~52] ~18] 14] 17]
kN -172 ~217] -161 ~134 ~26| ~40| 2 ~40| -1 0] 11
AT -162 ~29] -141 -148 7 30] 11 ~19] -1 9 6
| B EE BT -515 -103 -414 -423 9 53] 13] ~23| -31 51 14]
[EXGE -284 ~33] ~260 -259 -2 6 2 -31 ~186] 32 0o
AR BT ~22] ~6) ~20] ~23] 3 5 [1] 0 -2 3 2)
B B AT -347 ~49| ~266 -312 46 19] 7 -92] ~10] 33 9)
BEE T ~70] ~29] ~42] -59] 17] 20 2 -3 ~8 7 4
B ~265 ~56 224 -227 3 15] 17] ~6) ~29] 31 12]
FEHKH 57| 9| -33] -36] 3 -3 0 16| 4| 3| 4|
Fﬁ ~830 ~156 ~166 -631 -135 -153 2 ~150 —47] 34) ~22]
£ THAD 4508 873 —3879] —3904] 25 312] 90 —477 —289 333] 86

B 1: fERHCRIH L 727 — 2 (REeE I O —if)
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BOLEERES OB A HIR1 3 2 2 ORETT — & : MfEMH: & SO

LGRS
AR TR e N N 1 e i

hisaai@swu.ac.jp

1 8 x~—t 7+ V(A= F)iFa—F—nH 3 MR 20@Y, MR R T Bakle
Hﬂ*ﬁb DL IE RS HUS f% % 728, B MBEDOT —2OBEHME L7212 B BEEE Y T
178 0 IR L BOLIERALE 1< X 2 BRRE IR KPR ERT2EAA LN, X1 ITFEEL ¥
7:; EOMENKEATH 5. ZIKE%LT BEHP THRON) T R CHOE L 2R AR T £
uﬂ®%ﬁ%%ﬁ<ﬂ% G¥, A~ Cilk F 60 DT — 2 DA L 7285E, 5%KET,
EALMS T 5 2 &L CHATEZFLTE 20 JIBE & fth 2 His O IS A B RS b L7z,
#a%a‘ﬁt(*ﬁ-ﬁﬁ’iin, 2019), BOEITEIZFERT 4 HHALET—X:

T LBINERLEO L4 I v 7k A~ FiERE
JeHlT s e A HECIEZ . ARETIEZ
D 7= & OHHV— VRESRIC AT CE L 7 B,
SR 7 Bl 7 — 2 B _omfﬁg¢5
Fk  HAGEAR 8 2 PTICRE L 72 5T, 2 I
MoEbd s EEERE D %2IT, HHT 7
Y CHLE, S, IEE O RE IS L 72, ¥ 72,
L S BUCTE RIS DI 2> & 5 2 D - % A 5E
Mg c7 7V ilm EIcRR L, =9 =283\,
WWZDWTENRE XY S LT 5. 2
RO 5 & 5 2 TIERICIE, BOLEHRH?E
EAINEOEGINL 72Th 5 5 H1TIX R % X
IKRRALTH Lotz HfifiT— 213 kil 2
HY, WHET TV TAEL Lot v
A b TH Y IEFEELIARECTE 2 — THikii 7o

Hikcih_72%EbH 2 EHIEFEBRCIEL 2T
— &, 2021~2024 £ 7 HIZEfEL 7z, O~ 166
25y, R &2 2 nF R R E o mE SN &
BOTNWB0, 2=— 72 —HF—#L 66.
BEE : AR 12K CSIS HL[FTFZE No.1166 Dk
Fo—ich s, KAFEHOEMT 7V I3HBIEFH
WIKoEATE, RFLTwns, DL CHEes RS,
SR

I - #aFHAC (2019) BH{TRO X2 4 I v 7D
RWBEERES i 2 BT ~v = 77
7'V B WA ER~. T8 &1 , 15(0),
109-126

M (2024) BICATE 2 355 © & 2 HHAE £
A4 v 7 ORI\ 72 IEREE © o # i T —
2 oR A, 5 33 BEHIFREER S R 7 LEAE

7O TR, — T O%E ) 315 M FEFER R el A v 74 v,
HTHdboD, #iEEOECHKEEN D

IREAH O, IEFEEEST LD . R 1 R - BE Xy TRV O EDBIERR

KL TI1E 2 DD F — 2 H—8F 2E|L  |[AERERPRE R || 8| sl |8 [Sa |
A o et 761| 209 .858] .147| .014| .056| .106
?\r,é?jﬂ;/7 LD, 2R 0)7; £ D R AT 910 398| 866 .277| .068] .154| 268
et LD 2 2 M TN, A OBIIR S I e | 510] 611 233] .699] 403 538 .921
ERET 2 ARIEMES BRrESIHh, BEGxy 7EKoD B 954] .943] 495 135 .019] .062| .128
BB SO S WK T — 2 AT & 3 AT | 201 245 340] .148 835 .898| .720
@’C&i?ﬁtb)ﬁn‘:*ﬁmbf $H(2024)C1, D JIBk .155| .252| .526| .153| .670 932| .351
e 371| .476] 785 .361| .564| .745 509

\ 3!5

% 15 HOT -2 EMIT B e, FH é ik 237| 337] .649] 226 564| .827| .895

A¢/7+#mtﬁéaﬁﬁbtwim< %47 Lt %k 60 4y
OEFNCHIEZE 2/ & 5 2 FREE L 72 . 90%

?ﬁEWT 3 HEHT—4 .
(77U) uml) 80%

@ﬁx (& & -

ET REIO oL L 2SS

50%
B >ngﬁ’%’§;ﬁ” > ﬂgl'EJk> 2T 90% 604> 304 155
B2 ﬁg%% —— EEhHE - - - HHTE - RRR —— FHRE
wEE o @ew e BRT — -l — e — - BRTTE

K1:%bd2EEIEERDOTKN X 2: 0t M - 57— 2HhH &% % v TERDOZEA
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1 Bhi : 2011 FELLRE,

AORABIC BT 2 a v 7 + o T 4 EE O 34

BARREH Y, K B2

VEIERRAKRY REF AR, P AR

FE

yasuda.shohei@nihon-u.ac.jp

HAD AR Uke i <
BY, WIPEHKRELR>TwE, ZoXHRA
CRA R, BE QBB I KT 7 - T
2LEZLN, 5D BEOH M Z R L <
WL DRIEFICHEECH 5. £ 2T, BUFIZERT
HE o/ %X 5 BT, 2014 i 7Hu#EFEAl
HEZ R EAL L 7228, % DIER %) E I3 AEH T
» 5. mF, EBPM o EEWE TN TW» 5,
SEHE IECEHE A E L S TS 10 2B,
ENIEEDENERD > =D %REFT 5 2 & IT,
JEMICEECH D, T, KHXTlE, HikE
FEbET (K1) Zoabrage L, HuEIE(LE
T X 2 HEXINERE OMH %, Huffi A D3R
DEALEE L THREET 5.

Fik Huiic o, EEBHEERE Y v e —
FH—be 2 CREEIN TV AHIATRT — X %
AL 72, BRZ, 2007 £ 5 2023 D 17 4
SDOTF—=2ERAL, AT —2{LL7Tz. b,
BEHERAAF I N T iR 2 #F L,
SYRRNANFATFT—RICL T3, AAEEICD
WwClit, MTHL_AD AOZfwE, ADoF
— 2 & LT, ERERAROFEI ARKDT — £
(FHEEdRgt), mEor —% & LT, ERHAE
DERTF— 2 %A L, 2012 FE5»5 2023 FED
125D T =2 %A NT —=2{L LTz 7B, 47
H-HEINZHTHES Y A BN T 5

© JRFHEER

—LRT

— Z0)fth 8% BE R

W BT AE RS X i
BiESERE

OxMEherTBHA

B 1 2GR T 7 HE 1AL X

3

LT, NRSVRAFNRFIATF—RICLTWA,

WEER K1 2T, £ 2 S ADEEOHEERE T
»H 5. HiffiiconTiE, 2FMICIETHEML Y F
TH 375, FHE X Tl D T % 0E 23 X s sk
CHIEL T, FEehiihoTnd, £/, AOE
JEIZDWTiE, MALEETAH S L RIITIET
WML Y FTh B, FEXENTIE AR D
MUY FARMHEZET 22 B8HLICR 72, 77,
AEFRADIC O WT DR, FROMEELRSS 1
TEY, FEXBN~D NOEHBEAL TS T
ERINBT AR ICR o7, SHBOBEL LT,
IAEEIC & 2 A g — N —5h B oo Al REPE A3
HY, ANV —N—REERE L TUUERE & Nt
BHERE LB THENRD L. F 72, Hiiffiico
WTEY Y I T 4 IR ICHERTE T
W ERDL, NEFES AL DT — 2 LN T
— R CBVERD B EFEZTND,

K 1 Hbfifi 1 B9 % HEE RS

[ Bk It (F3/nd) In i (F3/ i)
FEX MHBEFTEXE BEEFSERE
FEXFEANL I — 0.069 *** 0.067 ***
X XIHEFFEH X I — (0.015) (0.015)
XEZE®RZ I — -0.076 *** -0.115 ***
(0.007) (0.013)
InFx2F Y BRE TOEERH -0.142 *** -0.162 ***
(0.039) (0.040)
EHIE 12.306 *** 12.453 ***
(0.294) (0.299)
EEHR 1RAEH
BEHEELERHRERI 0.903 0.903
N(#25) 527 527
£2: ANNEE BT 2 HEERE
wAQ F=4A0 EEFHAD Z
WEBZL i ~ il el
INANAZE INNAZE INANAZE INAAZE
BEFEXEAL I — 0.03 *** -0.016 0.076 *** -0.004
X BERSZERSL I~ (0.008) (0.029) (0.010) (0.023)
BEFEXHHERL I~ -0.03 *** -0.063 ** -0.099 *** 0.156 ***
(0.007) (0.025) (0.008) (0.020)
InLRTERER -0.327 -0.197 -0.077 -4.734 ***
(0.317) (1.114) (0.367) (0.882)
InS% Y B & TOIERE -0.001 0.067 -0.010 -0.013
(0.012) (0.042) (0.014) (0.033)
INRFHE R £ T IEEE 4,092 -0.150 -0.692 85.16 ***
(5.208) (18.303) (6.023) (14.485)
InS% Y LRTBR £ TO IR -5.102 -2.665 -1.001 -78.178 ***
(5.198) (18.267) (6.011) (14.456)
LRT#RBEH &L I — 0.735 1.622 1.643 * -12.693 ***
(0.853) (2.996) (0.986) (2.371)
TEHIE -1.583 11.879 6.522 -120.488 ***
(9.398) (33.027) (10.868) (26.136)
EER BT E
BHRESERHMRERY 0.991 0.943 0.988 0.947
N(#E) 5520 5520 5520 5520

BAi) o, = * 3 2 NF NHEEE S R 1%
5%, 10%/KEECHEIHNICEECH B Z L Rt
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FRD AL M & BB KEED B R

LRI N S
VRBRNSZRS: RFBEREF AR, A RY: R

ktakano@cc.saga-u.ac.jp

1 ByBE 2 2000 fE{CLARE, “PREOEIUCHR 2 EEHIE Tzl s, BEKEDG B O AFE D, HIEA

DRFEPHREETED SNTWDE, ZDOHTD
HEERBORIE L, Ao EERICIE U g
DYEND T HNBFX DD, EFEOFLEICIST
THELLZRIRTE 2 X ) RAEBSERG~ D0
f1°dh 5. HERFFOERILMILTIZ, 7 AR
a7 RHEFEBE o B EKEICET LT Y
A LITE B L, DR TOEBGERGIEA O
SR DGEE XS LT 2 72 (e.g., Ogawa et al. 2024),
—77, RIEEEL 77+ H L0 oM/ TET
DA TR A=A LICOWTIE, HTFLL 9%
BRED R ECTwdewv, RiffgETld, Ah=X L
DUE DL L TR O HEN DI H
L, Z WO HIEEEZROBEKEDOELL YD X
SICBRE T % 2 & FHIAFMICHREE S 5. BRI,
RIGRCEM S N2 mRAEHEOZEIC X 5,
EFEDHEIETYTHI O ZLICEH 3 5. 2002
F¥C, RFECE oA IEmRENRIC, &
BRI & WX B X258 T T 7. il
EZEEIC X Y, BEIIH S CEMA L ESZ LA
ATRE & 75 o 72 I, MESA TR AR S B o T T
R 72 A D BB K EE DG DSBRTEAL L 7=,

3

4

5

PRI B E D s CAZ LB 2 A~ K Y
T3 2 X5 ek o726, 2002 SELIREB, > 0
725 2 LRI NS,
E(comijt) = exp Mjjy,
iy = Gij + 6 + Z B:MA; Xy, @
t#1998
SRR 1 RSS2 — & 1, OHBTH
%, HIEEAFERERTH 5 2002 FLAKE, 2To
KRTHAOEMETLTEY, L i@eiiks oo
BEFEPILEL THEML 722 EARBINS.
2 BRQ) BRI B, OHEEMERLZDDTH
3. 2003 £ 5 2010 HELEIC > T CTHEEE X EST
FHCHRR LT b, AR 23 @k s,
FIE OEEDERICHI L7z 2 & BR%RI NG,
AEE  AWTE L, BT 22K13411 O RO
—ffe LCHERML .
SEH
Ogawa, R., Okazawa, R., & Sano, S. (2024). Does
Competition among Schools Benefit Students?
Evidence from Japan's School Zone Reform.
https://ssrn.com/abstract=4892677

I OHTR I, REERHONRTH - R N
A D 5 2 DEFILD 5 b, KiFHNA & D

BFEDBRAE D2 AR T 5. 57— )

3, FEILO TR ) 1B S T B R z serHooL
RFMOBFEER (1 4%6) Th5. 1994 i~ g ) - Kia
2018 4ED 5 b, 4 KT CEEHRO IR T AE v Nisti

A8 45 % FY XL L, - R © OD ]

NANT =2 EEL . o7 — 2%k, K

(DR ENET L% PPMLAEE L, % - 4 s e

Al DS & GBS 5. comyje 3 KT Year

2BER j ~OEOBEEH, 1, ART - B 1 : A ol ISR P RS

ERI, &, WER-EEAME, time; ST .

B CHERINE ) BOREITERRCH 5,
E(comijt) = exp Aijt,

/L-jt:r]it+5jt+2‘[tjlntimeijthx,u]- <1>

t
HIREZEHIC X Y, X DE Ot EET 24 H#
DAL 72356, ME ST A — 2 1 OffHE
N2 LIfFE NS, fivT, RALLEHE
& b7 25% 0 FE i GEEKEED S ) D3
7Y v IriEHAWTA(Q2)% PPML #ET 3.
MA; i 2000 FFICF 1T 3 Fmtk 1 RFHEEN O
RAFELT, BOEKHEDS & Hks 2> & i~ A fiF

0.50

0.00

Estimate and 95% Conf. Int.

2005 2010 2015

Year

B9 2« SZHUVERLTE & BT DO EFER L DBIR

1995 2000
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FUANBEERL A — 7V F— 2 2R\ EREEERER T F A DR

INAER BN RS BVRER Y, Bl s 23
VAR TR AR BE AR AP T AATTER, 2SRRI TR AR T T A v AR AR,
SRR ERMERE AR e v 2 —
g2481618@tcu.ac.jp

1 Bhi :n4E, HATIZREMICHEL REBOER 2H DD, i 60~80%DFEE T 5 FEH DL D

BOSRAMEARNIC D 5. EEHE ORIy, &
JEE OB AN TE D, FrcBEFor)EHEICE
%22 R OB & Z Il S iSO K
LIEN DR T AEEL 7> T3 (AL 2022). *
T, ZEEEICH - REi A SRS LT
EIEHOMMZIEIL X5 T2 AR
bz, LaL, FHEEMEGIRECHER L 7206
TR O 5 bIcBEE L, B o R B EmE %
THLIEFFTCLEY S HEIBRE TN T
5 (B - KB, 2004). 22, —foRMp3E
BEIERI DT Y BRI ED R T —
I HD W HIERE A IR L TwWE. LaL,
HABERIIDLIRT— 22 HEEL TR
729, oy HIEGTR 2 M5 3 5 © L AREETH
5. Z0o, HiERICRRERT 5 2 & 238
RN EFOFRICE T 2ERE RIS 25
Mo P KD LENT VD, 22T, AWFFETiE
HETHEDICATAHEAR T Y X2 LVERRIR L H 4
A —T VT — 2 %HWT, KA NRICETES
Bt % E O)IES O RO FEEMER % THl 5
ZETFTALET L RENLE T 5.

FHik s RO iR F X O RER 1L, H
23 Reoavr=xovxZA}+7, FIv I
b7 B, KTV - BREE, SOBHRE, BREBE,
HIE, BEM - A —ov—, A - EREL L.
9, 7YV XVEERE)EFHEAICERT o L
<, HA2tolEdinfiz"d T -2ty b (LA
T, NESSAT—21) 2EK L. i, R
72 % Wi o JE R 1 2 AL E G H & B4, £

BEa Pl 5 2 L ST E 72, Sk R %
—HEEIRICIER L, ¥R S LI EEER~ Y TR
BT 2 FETHB. £/, brREotiftces
2 FEEMR A ER S LIl BE R Y 2T A
DR ERHI LT3, chic kb, Ex)EH%
WRICEMBIGERT 2 2 L AW I 2 %%
HH O 2 C U, FEIEET 022 & JEFRE O fR i & 3
iRz Rt & 2RI A% HIg L 72\,
ERLET— % :

[PERES) 2 FEEEIR DB 7 LA A4 v+ (2010 4~
2021 ) | Rkt U v

[500m £ v > = iRk AOHERHT — % (2017
) | EsEE

[$EERI 25 7 — % (2022 %) | EE5GEE
(BRI R BT — % (2022 4F) | E 5584

THEHIE T — 2 (2011 4F) ) E 5584
BB - 1B 7 — 2 (verl.0) JHHEURY: CSIS
[ARBEEIG (5T — £ (2010 4F) | E 258 E
FEE : ARFE 1A CSIS SEFIFFE No.1171 DK
RThs, TTIELTHEEZERLLZW,.
SEH

Al, S. (2022) How to Save Traditional Shopping
Streets: The Place Attraction Paradigm by
Matthew Carmona, Urban design, 27, 36-38.
EIHFK - RARER (2014) JEOANED Y
b R D RS 04 L 3. TERTE!
HiEESCE ], 39(3), 31-36.

x1 ERL 2R

g;%/jb,(ﬂ:@)’éj—% Ze T, 2010 E@.}z/g L HRALET—4 FERR U 7258
- _ EHATT — 4 FRAEMREK, F = —VEK, Fx— MR
%EEWE 5\-7['1—27{ L7 %E%ﬁo) 2011 3575’ 5 2021 ﬁz 50004 v & 2 BHERHER A D7 — & WAL, EREREIAD, FRERIA DML
PR R F — & 53 ) B

£ COLEYE BB LRI A 7 — &y b Bas e
(HT, rf?,fﬁf * }%%7‘“—&J) %ﬁ?ﬁ% L7z, 56 Rt — % it

I, FEfe - BEET — 2R & 1 2 B IS M A RN G AR IALE, AR AR, HRm AR
ﬁj\ﬁ%“‘ 2 LB ICBE T B REA =z % ERERGIE, TRESAIRA - T - RAOMEEE, IR
AT LT, RLIWCRTERENG L 7.

K2 EEZTLDS5EHD
BRI, 1i%t - R¥ET — 2 DR & A, FEEER Tl F A O TS E

BEBAGE - EBT— &

TEEERRG | 87— &

WA A2 (ks - BESE DR % HINER L 2
BB 2L, M7 — 22T 20 0 e -
LG, RS LI 5 EROEERRE TS 2E
TN EREEL 72, o e
3 REEIK2ICKREMAENRE LT 5 EROFEER o
RPHEFADIEMRE AUC ZoRd. %fic X e = o
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1

2D #iE 7 — & & 3D /NRIEET A ZHE L -8 T AR ORI O 4T

wOBCL ORRK L, — W RES
VUK R B A e BB A SERE, 2 BRI R,
3 [E LA FE RS E N E S BRI SE AT/ 40 i R R BeBR B AT TRt

B s KEALOERE WO REER AL,

ANTHEEAA A % &, 7= BHE I I3 RE K E

HOEELE WD, e— T ATV FEHRIZ

BRI L VL B s, BT ARIE

HAR7—ATA TV Fe LT, RAEROH

WAEIGEEYRD 5. 0F, VE—bRV VT

DR FE DS, HREIRE & LHTE, $ 72 1338

YIDEE L OB #E R T —~< 12§ 33805 % .

Bz 1%, Wi s Hic, Ligic s 2 FEKH

K% 40~70% 7% % N % R, BIGEMH

T, EToRESAEKMEROE G & Eo

BuH94 52 &%pRL7 (Baietal.2024). 7228

oo SRR Lo, BT — 23 RES

L5ZL0H 5.

ZOWgE T, iThiRzEx, VE— P *

v v T =2 CRllT — 2 D REEH, 2D

DT — 2L 3D O/hREY I 2L —va v

&7 V—ENVI-met Z i L T, & AEMNE &

FORAOER R Ial—vavi b MR

P E—fLOKEH TH 5 EiFicks i3 40~

0% ICAEKEEZHT 2T AETS 5.

i KWF%E X Python & U8 Google Earth
Engine(GEE) Z 35 L T 2D o 7 — % (A
DOATECTK, MR, THAH, @7 e)
FAFLUHT 2., 2L CEEMET — 2%
ENVI-met ICEALTY Ial—va vY&fT).
I AT EY TH B

@ Python 7o —Z %L, HE® baidu
~ v 77X VEHHAREDOME - k& IET
5.

2 GEEICX Y Landsat S HE DT — & 2> bl
KL %, Sentinel-2 HE T — % 7> 5 2022
o ARG EZR 2. SREDOAEK
HOEAZFE L 40~70% D HiH N D 2y
Bz fhits 5.

@ Samgeo & \» 9 Python @ ¥y 77— % H W,
SR HUIK D Google Map 752 {4 % {5 5>
HLCEY R oMY e L 72K Y TV
T2 %155,

@ QGIS W GeoPandas TH1Y) D shapefiles
i ENVI-met Jgtka—FZ AL, €7
MElLTyiar—vavds,

3 BR:ERo—HEMHNT S, FH(panyw) 2H

DY Ial—vaviERoMEIF R IERIL 0.88,

RMSE #8403 1.2,MAE %03 1.11 <, ENVI-
met DEEMEAE N E VD T LRI N, HR
HiPH 2R Cld R OB TRIRIZRE 2 S b~ K
T3 55, MICET 2 EBEAREED X 5 1@
X2 CREADEY LRV, Z Ol TR

g [ suen
[Jam
| Sug ()
d W <3160
g W 31.60-31.70
31.70- 31.80
31.80 - 3190
31.90 - 32.00
32,00 - 3210
3210-32.20
32.20- 32.30

M 32.30- 3240
W > 3240

1:(FE) it R o Bl & B 0 182491 (Google
Map I & 2), (41)2022.9.7 D 14 D #y | 1.4m
DAY T2 —v a ViR
ERLZT—%:
LR (2022, 2023 4EE)
FiTARPEART — & (2022.9.7)
SMAP Level-4 (L4)
Soil Moisture Product (2022.9.7)
NASA Global Land Data
Assimilation System Version 2
(GLDAS-2) (2022.9.7)
FEE - ADTFEIE JST KAAWITEHE PRIRIIBTE 7
0277 L JPMJSP2124 OB ZF72d DTH
5.
SEIE
Bai, X., Yu, Z., Wang, B., Zhang, Y., Zhou, S., Sha,
X., ... & Geng, X. (2024). Quantifying threshold and
scale response of urban air and surface temperature to

surrounding landscapes under extreme heat.
Building and Environment, 247, 111029.
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HEICBHE L 2 oflmthicmET 2 A0 - BleE ADOHEE

W OGEWR, (UH HE MR 5%
VHORRSER A BE RRITTERE 2 R ZERITR IR ATt v 2 —
tataiko1209@g.ecc.u-tokyo.ac.jp

1 B ERE R RO E Y 5 2 5. Jik
RENPME T L2EmEIce » ¢, Rl i &
RIEENE O 2W R LR EEINAEE S b
37> (Tanaka et al., 2016; Okuyama et al., 2019),
HOBEICBERE L it B SRR L 72
TTENCWEER M 5 . R oWfsecld, ABE T
T7eATERVHHEM CEREE AR EDE
WZ a7 (Kosaka et al., 2021). L2 L,
BB ICHEEE L 2wt BE 5 2 A0 2 #EE
L7250 L AR I N TR w. 22
TARWIIEIE, HARZEZ RIS, HEEICHEL &
WA R E T 2 A0 - EliE A &2 HEE L,
EREEE R EREWLE ) R BREEL 7.

2 FEINRTY 7IxeE, 2P EALIE 250m YT
DAy vzl Lz @Y Zmap-TOWN II, &
BT IRIRR 2 7 Y 2 VX T — & X — &,
fERHIEE - ERE SR Ay v a7 —4, AOZ
EARERIL A v > 2GR FEHL 2 (3T
AT EREE 4 LT -2 oY), 4
BV b bEViERE (B 3m LAER)E Ccolf
BEZGHIL, & A v > 2 CTIROBILVEKRT TORR
fE2s 10m LA Loi@EyoEs (LUT, s ik
) EFEH L2, AOMBER L Tw 3 HHiEET
IR & RHIEZ FFoEEN P72 10m % [H
i & U7z, s REEE A 2 PR 15 B
Eoxyvao N0 - EigEANDICHEL T, §HE
CBEE L 2Rt 59 5 A - SilinE A
EHEE L7, IHESEICE T 2 EHldE R THH
FIKI o HHEA 210 15 B2BEE L. 7~
PR, B PR S 2 R R, S
&, 65 LA EHH B o v 2 HIEB o EG, Sl
G kO E i K m i o o Bl E 2 1EE
ZEL 35 ZIJuBliE ST 2 EE L 2. Y
lTeL - ToN— PR ANDOKEICRE L, RENE
DB D O — LD 2L, AL 236 LT,
B 3 LT DAy v 2 308 chRyk L
7z.

3 RER R 2 cERMIOFEL S 10m BL o
PNCRfES 2 LHEE S D ND - SiliE A &R

F1:EROEED S 10m UL oY ES
LriEEEIns A0

3. AL 15 LR T, il 5 10m DLk o#EY)
CEET 2 LHEE S5 ATIE 730,392 A (6
ANBCH 3 2 ## 0.6%), Eilfind A IE 312,556
A (EEnERAD IS 2EE 0.9%)TH o 7-.
72, FEMERD 16 EU LT, SRR A
23 50%LA b A v w2 T, FIEER S 5 R
Wb L <1k 5 FELAE 15 R C, B At
EH50%AMD A v &2, EiEEE, 65
LA BT B 0 v 3 IR O I, e B S (i
i O i KA T O R B D E & o 2 THE
BicEp oz, ERYH I ZYHEBRGEEDOHEIR, ity
DSjERMM L 72 NHHEE DRFRIC DWW T H
HT 5.
4 FRLET—%:
[Zmap TOWN II (2020 4F) | #eA &tk v ) v
MERREET ¥ 2 VBB T — 2 <X — 2
(2020 4F) | fEAESA T HERA 2L
e - ERNE 5 KA v v 27 —x (2011 4F) ]
ES ik}
[ESFEHI A v > 2 f5T (2020 4F) ) #2554
5 BEE: AWFZTIZH K CSIS HFEMFSE No.1310 DK
Ro—fe LTEEL .
6 ZEH :
Kosaka et al., (2021). The proportion of older
population in Nagasaki, Japan, is higher in areas
with poor walkability and accessibility. Japanese
Journal of Health and Human Ecology, 87(5),
237-245.
Okuyama et al., (2019). Hilly neighborhoods are
associated with increased risk of weight gain
among older adults in rural Japan: a 3-years
follow-up study. International Journal of Health
Geographics, 18(1), 10.
Tanaka et al., (2016). A comparison of objective
physical activity, muscle strength, and depression
among community-dwelling older women living
in sloped versus non-sloped environments. 7he
Journal of Nutrition, Health & Aging, 20(5), 520~
524.
R 2 {EMF O HEE 2 & 10m LA EoEY)IC fE 3
% LHEE T B EilE A H

e HEA L I0mUEDAD BAOICHT 285 (%)
SRR 36,903,532 29.3
SREELL 10/ ki 4,610,726 3.7
10ELL L 15 1,539,742 1.2
15EELLE 730,392 0.6

a4 HEALI0MMED SEHERADICHY 235

EEEAO (%)
SELR G 10,133,574 28.7
SEELL E10EE R 1,663,536 47
10 E15ERE 629,095 1.8
15EELLE 312,556 0.9
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HEEHIC B 1T 5 B RBIFHE I RIE T HE

thrp BRD L AT
VHRRREAR S BRI - AR PR A ERE
yamanaka.r.13c4@m.isct.ac.jp
https://www.arch.titech.ac.jp/okiLab/

1 BB - R I o TR & 7o - MR D R [7 2 2 (DRM) 2020 4R ) —fi

M THONTE 7223, FIERBLUC T 2 HIRICE
DY HHELIITLE2E, ZnFE CHoIcH
EEXNT I b ol %2 CTERFFETIE, EEZ

HEEANH AT Y 2 VB2
BEE < AT JSPS BHFZE 22K04490 D Bk %
Z\F, BRTRSE CSIS HL[FFSE No.1042 o—Ba &

D B 23T D T2 IR B B I & BT X LCHEMLZ. Zo5%2EY THEZRT 2.
DA o i U, HESREIc N 2 IR SE W -

AT fE % AT k9 5 2 & T, IRE O
HIRICH T 2 RELEFE L - HEBHO 200
MAZS2CE2HMET 3.

L ES, SIS (2018) ofikEERERHL, 2
s (2008/09 4EFE & 2022 4EFE) @Y T — %
(Zmap-TOWN 1I) % ZEffE& S5 2 L T,
2022 FEERF L QWD [HIE] 2> THRAF] 5%
BL7-. Ric, 72 kX (DRM) 2020
R Z B OB T — 2 & LT, imEEY o Fra
EAEEERIEICHEBLE, 2LT, FREED
EWHRICE H L, Google Street View ® % 4 L
~ ¥ VHSRE TR TR O TSR A i L 7. X
1, HrEfmERT o 7 v — &, EEcHhl
L7z 37 Mmoo 22t A n 3. i U 72 B4

B EHEIRE ERARTMEEE 7L G- K & |,
7, 2022 Ogawa et al., 2024)IC AJ1 93 C & T, i 05
5 0 EV A % e L 7. gz
R EERIRIC BT 5 22 THE o HISFHTE D B

TR 2 (R, % < OB CIMEEAS L g O
LCcwz—7, [Easso (08)] % [EiEKo §4D

»5 (Q11) | OFHlfEIZETLCwS, K3 D
BT, Bl X > THEBE WIHIRICR > 72—
7, 9EHTRHlEAMET LCw 3. L
& G D 22t DBAGR I ITIZ SR DIRE T H 5.
ERLET—%

[Zmap-TOWN II (2008/09 4EJE, 2022 4EJE) |
sttty ) v

EE A OFHiE SHEiEOZS
7 — = 1
Zmap-TOWN T O 2 B§ 5 OV MM TEE = EF 7 —
(200809 FEE 2022 F8) O g Y0 | [ | — _—
@75 EEMEA L, U mmE s R Es J— —_—
E%@ r%ﬁ'ﬁ_] fﬁﬁ?—’FJ %#l]ﬂll \\\“V’/\ / (2018)l Equ _9— 9 O —
+ *_ —
13— 13 13 (—
TOAIVERME (DRM) 2020 FER % ﬁ% 15 |— 15 15—
AL SEHORERNOFERSERE | A1) — —
v RS L. 7 19 i »
"‘ 2 |— 21 21
fgﬁf‘lbﬁﬁ%% L‘f: ﬁ\;ﬁ \ l) N a0 2 a 01 24002
#TERIEAY 3.0m LLE 5.5m KiF MO ‘ . =
iidvoliagolt AL BHIEE (Q6), BEL (Q13), #1EH (Q15) DEETAEC
LIS 10 MELE DEEENHHREL, Y FEEA LR Li—h, BLAODS (Q2), EEEOHE (Q1),
o : L1 37 R @A (Q19) OEE THHEENKE ETFLI-.

B 1 : PR T ol 7 v —

SRR AL - BUFEICEE - #3)11FEH (2018) L)
D AEARTE] C D[Rl — P HIE % F v 72 BT T [ i
B 2 EHTROHERE. [BREEHHRBL AT IER
], 32, 13-18.

TR - RERERG (2022) EifRe Yy 77 —x L
KBUEHERE T v 7 — MicES (fEEIC B T
5 S EHIRAHIEHEE € 7 v, [ H ARG A
S, 87 (800), 2102-2113.

Ogawa, Y., Oki, T., Zhao, C., Sekimoto,Y.,
Shimizu, C. (2024) Evaluating the subjective
perceptions of streetscapes using street-view
images. Landscape and Urban Planning, 247,
105073.

B = D B
2 @ 37 Hi 25 0 B i 0 ) R EEAT i o HLiik

B

3

15 B3I DT E

B 3 : Befigninte o HIRFHME (22 HE) o H#fbl
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1

MHHRABIEOHEFER D O R, ZEROEEER

A 7 &

A T2 8
ITRUSTART #R &4, 2SOMPO 4 v 25 4 F2— F

] 55 2

© 7T A, HRREDT TR

koji_yamamoto@trustart.co.jp, mmiyamoto@sompo-ri.co.jp, yokada@sompo-ri.co.jp

https://www.trustart.co.jp/, https://www.sompo-ri.co.jp

BB : AR o BT, SECEBA AR A
ERIZRAERFRELT 2 THDE, 27
ANOE)EEIL, & F I 2B E LY T T, &
75>f b KEOHGEDFAER T, FEREICS

BRZEIIRE C, FriC, Ml 2 R E 5

%LI_%%P, etk ZEFAT 5 2L BBTING.
ZEEROFLER, FEETHZ T 2R LT,

A CIEhRE CNEEmEE, N, Sk bEaE

FRFEEh ) (Hbfifi, THGRHIIR], $kE 2 & o iR
), PRI R, RIS E2xH S
N3 %\, —5T, BEROFLEERKNDO—
D¢ LT, HREABEDIAEELR S L, B

DEBIROWEE EZ NG, &5 L7fHE
E 3 EER I/ SN 3 2, o i, By o &EE
i S W RKEHHEIC s W CHEZEIC A S L
FHEING.

INE T, MEEAEEICRET AL, B
JFEE L =T — 2 CoH R IC X > THUES
T 3D RN TH o 72, F7-, BilEIHRITE
B COEIREMCH 5 720, [LHIFEToEE

ICHIR2SH 3 2 a% ERIE % N3 2 EK
atofma. R, 2024 4E 4 A2 558
hE - %@éﬁ%%ﬁ%l@rz&»m
&Rl BRI, VIR FIEWH A & DL
BEMEIcT 5. HEEABIE O AR Z %
IR 4 Z &3 R[EEIC R 5 2 & T, 5%, tHEE
REFE DFEHIRIL L, EEROERFFEIC D D
b eEbinsg,

Afmclit, HEABEOLAHEKICERL,

TERREOERNZMAT 27200 7 LiHE%
FEhiL 7-.
Hi: 7V R FET 51720, Oiko
T, @Y (i) osEHIER, @Hbfl
& Mo FE R, FeAME R o IGEIR & TR
L 7. #3213, TRUSTART BER&tt23MA 5
%, MHEEE MRS &, M- Fel8 2 & o RE)
Bk %, P& HEGEAE 2 & A PrcE i
L7, F7z, FidlEftX %232 2 &, |
e D T Y THRE AT o 72, LI O BEELATliA
1, HEEHIRSICN LT 1 dd 7z b AR %
BESELL 7.

FER  HOREIC BT BBk o Lo BRI
ER2E, AHEFEOEHVEEE TR E WL
<<. 1>, 27.34(, L%@beﬂ+ i:F‘ml/‘R, @/\

JIIE, RNTHEEE 2o TV ALK 2 >, #l
ik, Bkt U@ o EEMIEMK <, 58
HEEKTICoRBN2bDEEbh b,

1 = WyfEREE I fE 5 MRfEER o HithFe R

VERRER

2: H#F‘EJ, it H: V) *H ?&@@%/L£ﬂ+

vFEe

AR

ARRED

HER

Hifili & L I EHE K E R 2 &, Hofilizs s <
5138, WAEEBB S MERAR O NS, —i%
iy, T FEEEDEL EEEEER L
D5 L, FEHIEMEL 20, WRHo X 5k
T i B M A S U T, fiR e iR L
THRARIFNMARDL D 5. — T, KEHELE
A, Lo EERA DR ICH Db LT, 58
HE LD, T & EMES TR & H
LKL, MLzt %zRHT 272004
Ve VT A4 TSR WAREES TR X
=< 3>, Afaci, Tho g E R & Hiffiic
HH LT, M ABE o 2 B 7228, 5%
FFEDEE v — PR T KT FEAL T
Mol Pk ic & H LTtz 720,

B3 = Hufifi & 3t oo Sfy FHEL

A EE2A EEGA WO

10194 029
‘,n__77_7=====-l

4 EHLtT ﬂ[ﬁﬁ%$ﬁﬁﬁijﬁ$£%

2, THfe B el 2 TR ) [ a0 T Hu ) 15555,
(2022 4£ 10 H—2023 % 10 A)
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R 23 RORHIC 1T 2 BB HFROMENID L T ic oV TOZFE

AT A !, AT 23
'TRUSTART # &4k, 2SOMPO A v X7 4 Fa—F « 77 X, sk 2AWoe Tt
koji_yamamoto@trustart.co.jp, mmiyamoto@sompo-ri.co.jp
https://www.trustart.co.jp/, https://www.sompo-ri.co.jp

1 Bhi%: 2024 4F 4 H 2> b RE)E DR LS A5
b, AEEDOFTAEPIAHIC R 2 REDfF
H, FE R AEPERG OEERIAFE S LTwn
3. 20X e EmYICB T 2 E o kR
1F, AEIERERtS ko SRR I T 7
—BhemoT b, Lo L, REIEER CIHIRA
ELTEHELK DT Fu ERBARBEHEOF K-
THY, TNLDEHRE VP ITERNICT — £
R=2{t L, iEHT 20083 E L k> T3,
BEERICE T 7 —2FEH ERT 22 &
T, AHFEEROEFEERM Eice EE 5T, HA :
AT T 5 28 & KR 2 A5 H 1 Hi f e 7 1: 3 23 KO KX EHERIC KT 5 Hitho
Y, ASKOMEMIIc b ES TR s e Ex  HEECHEAOES

SR . ARTE, ABECEET 27> M EREET R SRt SRamat mewe e
: : . E ] RCER)
48 4z -~ | " S
HMEIS - Biid s ick o THEEL 248 g ln|]] ig-:féi:‘ R —— ig@z-: s
N o IR = . FEE .6% I 27. .69% Ml 60.9% 38 =
vy T —20fFhERHoRAE LT, FHR TrE B 1o serd ToxBE e sasx NEE B an
axx ] 144 31.0%| 1.5% M 50lo% ) 47.1%
2% = Ee Y 2= amx
23 XOMBELHFL D, HREGLRTOR HE 5 SimSa ol e an = W
N > - sNE ] aexBE | 27.7%] 0en M 555%1 43.2% HhE mel  sem
EJJEE%P =4 < T?T’:E L % 7 7§: I U 77 0&.. D b\"C @%% BRX % 18.1%M ] 25.69(: 1.4%MT 525%) 456% ERX EEmT ] 3sox
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Role of First-Nature Geography in Municipal Mergers

Yukako Ono ! and Zheyu Zeng >3
! Faculty of Business and Commerce, Keio University, > Department of Finance, LSE
yono@keio.jp
https://www.fbc.keio.ac.jp/~yono/

1 Introduction: This study aims to investigate the role such sets the municipality (in 2000) is merged, or

of first-nature geography in Japan’s Heisei municipal
amalgamation. We test whether there is any evidence
that the degree of geographic integration between two
municipalities partly determines scale economies in
public good provision in the integrated area and thus
contributes to promoting their merger. Weese (2015)
provides a structural estimation, evaluating the
efficiency of post-merger municipal borders. Our
focus is the role of first-nature geography, and we use
reduced-form analyses, while we take into account the
cross-municipality difference in merger motives due to
financial conditions.

Method: This study uses the GIS data of municipal
administrative borders from the Ministry of Land,
Infrastructure, Transport and Tourism, municipal-level
financial data from the Ministry of Internal Affairs and
Communications, and other grid-square statistics from
the Statistical Bureau of Japan. Between 2000 and
2014, the disappeared borders are marked as blue in
Figure 1. Based on the 2001 map, we have 24,878
adjacent-municipality pairs, and about 24% of the
pairs went through a municipal merger.
Considering that financially distressed and sound
municipalities have different motives for merger, we
perform bivariate probit analyses to test the effects on
the geographic characteristics of each municipality and
those of integrated areas, as well as the financial and
economic characteristics of each municipality. In
particular, let G, F, and E represent a vector of
geographic, financial, and economic variables. Using 4
and s as subscripts for financially distressed and sound
municipalities, respectively, we write our estimation
specification as follows:

Y'u=(Gs" Fa" Ei”) Batea
Y'\=(G,” F,” E”) Bs+ s, where

Y" represents unobserved net benefits from merger, £,
a vector of parameters, and ¢, a random component.
Following Brasington (2003), which studies the
determinant factors on jurisdiction consolidations, we
construct the list of municipality pairs. In particular,
for each municipality in 2000, we identify the set of
municipalities that result in 2014 and adjacent or
include the municipality. We then examine to which of

remains unmerged. As key geographic variables, we
include are the average eclevation (meter) and
ruggedness (at 1- km mesh level) for sound and
distressed municipalities, where the ruggedness of
each 1-km mesh is the average slope across all 250-
meter mesh grids of each 1-km mesh from our data
source.

Preliminary results: Our preliminary result shows a
possibility that geography variables play different
roles in determining the net benefits of a municipal
merger.

Data:

Grid square statistics, Statistical Bureau of Japan

List of merged Shi-ku-cho-son, Ministry of Internal
Affairs and Communications, JAPAN

Shi-ku-cho-son Financial data, Ministry of Internal
Affairs and Communications, JAPAN

Administrative border data, Ministry of Land,
Infrastructure, Transport and Tourism

Note on author: 3Zheyu Zeng, M.Sc. in Finance and
Economics, LSE, 2024

Reference:

Brasington, D. M. (2003). Snobbery, racism, or mutual
distaste: What promotes and hinders cooperation in
local public-good provision? The review of economics
and statistics. 85 (4), 874-883

Weese, Eric (2015). Political mergers as coalition
formation: An analysis of the Heisei municipal
amalgamations. Quantitative Economics. 6 (2015).

Figure 1: Municipal borders that disappeared (blue) and
altitude - low (yellow), high (red).
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