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A Mesh-based Optimal Tsunami Evacuation Model for Safety Evaluation of Urban Population Distribution

AR « BURR
Shin-ya Horiai*, Makoto Okumura*

Evaluating the tsunami safety of population distribution is a critical concern; however, current methods employed by

local authorities, which are based on evacuation distance limits, do not guarantee the feasibility of transportation during

evacuations. This study aims to develop a mesh-based optimal tsunami evacuation model that considers the effects of

traffic congestion. Through empirical calculations, we confirm two key points: a) this model can compute effective
evacuation methods that enhance overall safety, and b) it can detect differences in safety that depend on traffic capacity
distribution, even in population distributions where traditional evaluation distance limit method shows no differences.
This demonstrates its applicability in assessing the safety of population distributions.

Keywords: Safety Evaluation, Tsunami Disaster; Mesh-based Model, Optimization
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1TV E DESEMEICEIT HFFR

Research on the relationship between the conservation activities of the disaster prevention facility “Sunadome” and the

disaster prevention awareness and behavior of neighborhood residents

BEE BEAE - P SR - ABA B
Teruhisa Higuchi*, Shion Watanabe**, Seiji Hashimoto™

As the limitations of public assistance are pointed out, disaster-resistant community development based on mutual

assistance among residents is becoming increasingly important. In this study, a questionnaire survey and an interview
survey were conducted in the Fukuso Elementary School District in Fukuyama City, Hiroshima Prefecture, with the
aim of clarifying the impact of the conservation activities of Sunadome, a disaster prevention facility, on the disaster

awareness and behavior of neighborhood residents. As a result, it was confirmed that awareness of Sunadome and

support for its conservation activities have a structure that influences evacuation behavior at the time of a disaster

through a sense of crisis, mutual aid awareness, and daily preparedness for disasters.

Keywords: Erosion-control facility, Disaster Prevention Actions, Disaster Prevention Town Planning
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Proposing a Relocation Model for Corporate Headquarters in the Context of the Great Hanshin-Awaji Earthquake
Based on an Industry-Specific and Land-Use Zoning Analysis Before and After Relocation

TR « DUFRRSACR* « JQEELIER ok - B i

Kyoka AKAMATSU*, Saki YOTSUI**, Kensuke OTSUYAMA*** U HIROI***

This study quantifies post-quake headquarters relocation for firms in nine cities hit by the Great Hanshin—Awaji
Earthquake, using combined lenses of land-use zoning and industrial classification. It proposes an integrated relocation
model to guide zone-specific inducement strategies for urban recovery and corporate aid. A binary logit for 2,472
relocated and 1,000 non-relocated firms employs paid-in capital, employees, organizational form, neighborhood
damage, and zoning dummies; subsidiary models address sectoral contrasts and intra~/inter-city moves. Neighborhood
damage is the most powerful driver, while individual proprietorship and pre-quake location in commercial zones further
raise relocation odds; firm size matters little. Greater damage steers move within the city, and relocation motives vary

markedly by industry.

Keywords: Corporate Relocation, Binary Logit, Industry-Specific, Land-Use Zoning, the Hanshin-Awaji Earthquake
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A Nationwide Quantitative Analysis of Population Changes in Flood Inundation Assumption Areas from an Urban Planning

Perspective

Where and to What Extent Is Population Increasing in Urban Planning Zones within Flood Inundation Assumption Areas?

BRI B, AR

/i—ﬁlg***,ﬁ}” %;%f****,{g{%i? EB%****,%@ ﬂ:&%*****

Takashi Kobayashi*, Akane Katayama**, Yoichiro Hayashi***, Yuki Morikawa**** Yuki Hatano**** and Masahiko Kikuchi*****

While efforts to improve river basin flood management, and promote disaster-resilient development are underway, the
population in flood inundation assumption areas is increasing. This study quantitatively clarified nationwide population
trends in these areas and analyzed them from an urban planning perspective. As a result, population has steadily
increased in urbanized areas, while declining in zones such as urbanization control areas. Nearly half of the areas with
population growth in flood-prone zones are urbanized, accounting for 70 to 80 percent of the total increase. Furthermore,
most areas with notable growth were in major metropolitan regions. These findings strongly suggest that population
growth in flood-prone areas is largely driven by inflows into urban centers.

Keywords: river basin management, disaster-resilient development, flood inundation assumption area, population shift
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2 RE—=BUOBEINN « HERF - WA v 2

FBIIA Y V2l (A va), TBUTHREHIRT o8t
L1-0.5m |L1-3.0m |L2-0.5m |L2-3.0m
@t 102,477 45947| 158,927 106,316
e 100% 100% 100% 100%
i 10,510 1,322 21,006 6,901
AyVa 10% 3% 13% 6%
s 46,323 23,740 67,468 51,662
AyVa 45% 52% 42% 49%
o 45644 20,885 70,453 47,753
A9Va 45% 45% 44% 45%
3 HEHSERIOENN « HERF - b A v v 2tk

J:,Ex IA Y2 (Avia),
FRERIIHENN « HERF « I A > o 2 B OHH T3 Akt
TEAIEASEFAT T DN « HERF - B A v o 2 Ok

LT 2R SR I
*SHEFEHL *6:E i,
L1-0.5m || ¥t ikl | a2 | J3%*3 | (x4 | Shss {16
1 10,510 4,720 604 2,096 1,289 317 1,484
Xj“/E 100% 45% 6% 20% 12% 3% 14%
10%) | 28%) | (12%)| B%)| (6% | (%) ]| 16%)
prem 46,323 6,984 1,674 11,680 9,962 11,889 4,134
;7“/‘1 100% 15% 4% 25% 22% 26% 9%
) 45%) | 41%) | (34%) | (44%) | (471%) | (50%) | (45%)
> 45,644 5,350 2,632 12,743 9,823 | 11,457 3,639
2 el 100% | 12% 6% |  28%| 22% | 25% 8%
7 (45%) (31%) (54%) (48%) (47%) (48%) (39%)
L1-3.0m || {&G difkel | g2 | g3 | (tied | Shas fit1x6
1,322 605 56 271 152 62 176
=)
iF;?E 100% 46% 4% 20% 11% 5% 13%
%) | 13%) | %] @ | @%]| %] (%)
I 23,740 4,230 840 5,887 4,080 6,384 2,319
j%fii 100% 18% 4% 25% 17% 27% 10%
(52%) | (60%) | (43%) | (49%)| (51%)| (50%)| (54%)
20,885 2,242 1,045 5,780 3,781 6,256 1,781
Wil
FZ// 100% 11% 5% 28% 18% 30% 9%
7 45%) | (32%) | (54%) | @8%) | @7%)| (49%)| (42%)
L2-0.5m || #8 5+ il | Fide | FsEx3 | fatika | 4hx5 fix6
o 21,006 8,961 1,334 4,064 2,872 958 2,817
}:;/1 100% 43% 6% 19% 14% 5% 13%
(13%) (32%) (17%) (11%) (9%) (2%) (21%)
67,468 10,067 2,204 15,485 14,805 19,697 5,210
'j;/%ﬁ 100% 15% 3% 23% 22% 29% 8%
) @2%) | 36%) | (28%) | (41%)| (45%) | (50%) | (39%)
70,453 8,766 4,222 18,178 | 15,301 18,695 5,291
31 1>
i?z// 100% 12% 6% 26% 22% 27% 8%
0 (44%) | (32%) | (54%) | (48%) | (46%) | (48%)| (40%)
12-3.0m || § Gt ifhel | JHiRe2 | Jok3 | g | Shs5 fil1x6
oo 6,901 3,108 399 1,444 702 294 954
”:/t 100% 45% 6% 21% 10% 4% 14%
(6%) | (18%) (8%) (6%) (3%) (%) | (10%)
P 51,662 8,875 1,853 | 11,664 [ 10,006 | 14,676 4,588
n;//l 100% 17% 4% 23% 19% 28% 9%
(49%) | (50%) | (37%) | (46%)| (50%) | (51%)| (49%)
o 47,753 5,671 2,738 12,258 9,470 13,864 3,752
3}2 100% 12% 6% 26% 20% 29% 8%
(45%) (32%) (55%) (48%) (47%) (48%) (40%)
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4 NAHERG - HEHPERIO A > 2 2 IRAKERE IR A D21

*a: 1995 SREAAEERIBANAR. (TA)
: BAEBERII A FHER (b-2)

*
o

*b : 2020 AEHTTTAMEERIZAA R (TA)
*d: NOHEE () ORERTRIT AL *e: IRKAERISNA DBERER (/)

*LTEEX 2 IR SR IR A SSHEERL *ezofth

L1-0.5m MEr | e | Hidee | FEE3 | i | es L1-3.0m AEr | i | Fidee | FHEEs3 | A | Shes
19954Fa || 5,452 4,591 190 421 144 106 19954Fa 713 637 15 41 12 8
- 20204 || 8,274 | 6,664 309 800 313 188 s 20204F#b || 1,058 906 24 82 29 17
Ioya WK || 42,822 42,073 | 4119  +379|  +169 +82 9ya Hloe || +345] 4269 +9 +41 +17 +9
REkbxd || 100% | 73.5% | 42%| 13.4%| 6.0%| 2.9% Hepkexd || 100% | 78.0% | 2.6%| 11.9%| 4.9%| 2.6%
B | +52% | +45% | +63%| +90%| +117%| +77% HiddiRse || +48% | +42% | +60% | +100% | +142% | +113%
19954F+#a || 5,305 4,055 247 627 234 142 19954F+a 800 625 25 99 30 21
Lo 2020%Fsb (| 5,639| 4,093 262 750 326 208 o 2020%Fxb 883 643 29 129 45 37
;f%i S e +334 +38 +15 | +123 +92 +66 ﬁ%i HER ke +83 +18 +4 +30 +15 +16
REpEbxd || 100% | 11.4% |  4.5%| 36.8%| 27.5%| 19.8% RERCLLxd || 100% | 21.7% | 4.8%| 36.1%| 18.1%| 19.3%
Hi el R xe +6% +1% +6% | +20% | +39% | +46% e || +10% 3% | +16% | +30%| +50%| +76%
19954F#a || 7,414 | 3,658 646 | 1,695 888 527 19954F+a || 1,028 445 65 290 121 107
> 20204F+b || 5,078 | 2,794 445 1,044 511 284 S 20204Fb 679 344 44 169 68 54
;W/J ke || 2,336 -864 201 -651 377 243 ;W/l HE O -349 -101 21 -121 -53 -53
REREtxd || 100% | 37.0% |  8.6% | 27.9%| 16.1%| 10.4% RERCELxd || 100% | 28.9% | 6.0%| 34.7%| 152%| 152%
HERe | -32%|  24% | -31% |  -38% | -42% | -46% iR || -34% | 23%|  -32% |  -42% | -44%| -50%
L2-0.5m it | g | Bigee | s | B | b L2-3.0m At | it | a2 | FH%E3 | Ak | Sbss
1995%F+*a || 11,701 9,593 491 973 340 304 1995%F#a [ 3,385| 2,836 116 289 82 62
20204F+b || 17,818 | 14,006 787| 1,770 732 523 20204F#b |[ 5,102 4,081 188 544 170 119
%735 Wt || 46,117 | +4,413 | 4296 |  +797| +392|  +219 iaijjf B || +1,717 | +1,245 +72|  +255 +88 +57
WEpZExd || 100% | 72.1% |  4.8%| 13.0%| 64%| 3.6% HEpZEE*d || 100% | 72.5% | 42%| 149%| 5.1%| 3.3%
PERE*e | +52% | +46% | +60% | +82% | +115% | +72% B Fxe || +51% | +44% | +62% | +88% | +107%| +92%
19954F+a || 10,870 8,150 578 | 1,238 505 399 19954F+a || 3,484 | 2,567 177 460 153 127
. 20204E+b || 11,396 8,183 596 | 1,420 669 528 . 20204E#b || 3,746 | 2,604 189 551 217 185
;‘%i I H e +526 +33 +18|  +182| +164| +129 j%i e || +262 +37 +12 +91 +64 +58
HEpZbxd || 100% | 6.3% |  3.4% | 34.6%| 31.2%| 24.5% HEpbbxd || 100% | 14.1% | 4.6% | 34.7%| 24.4%| 22.1%
B e +5% +% 3% | +15% | +32%| +32% HE ke +8% +1% +7% | +20% | +42% | +46%
1995%F+a || 16,585 | 8,243| 1,742 3,297 1,928 1,375 1995%Fsa || 5,274 2,451 474 | 1,257 585 507
. 20204E#b || 11,458 | 6,293 | 1,192| 2,060| 1,116 797 - 20204E#b || 3,586 | 1,870 322 771 333 284
‘gi HEee || -5,127 | -1,950 -550 | 1,237 -812 -578 iﬁfi Hig e || -1,688 -581 -152 -480 2252 2223
HEpZbxd | 100% | 38.0% | 10.7% | 24.1%| 15.8%| 11.3% HEpELxd || 100% | 34.4% | 9.0%| 28.4%| 14.9%| 13.2%
R | 31%|  24% | -32% |  -38% | -42% | -42% Wl || -32% | 24%|  32% | -38% | -43% | -44%

FERIRAAEE RN A 1 2880 L Cu D Hilsle s 26\ —J57
—ERORAFEE IR O 2SN L QD -8 - &

0. RERNFAUTRAREE RN A OAEIN L QD
BT TND Z EAMEIIE LD,

Wi, ZNEND A v =2 2 THEH X - R - IE
A « FERRAH - FEAAD 5 oDV DEE ST
RV 53IT, 72720, 2 DLLEOKEDMFET DA v =
N DT, 23 L b HD DA, 2O E R LT
WD EBIR L, 23 VL bE SO BERE NI AT [
DAy & L THEE L,

FEREFRIITRT, ZOA v =8 BN - MERE - )
A 2 OREHT T DR LA A% & L1-0.5m OFY
A o 2 ITE ERIEAN 45%, FERAIRDS 6% & 72> T
B, RO 22 oD, EOMMDr—A
DHINA v 2 BRRROFER L 72> TEY, ZOZENH
A LXK U < V3R CO N DA SRR E <
L QWD Z e TTEIG, £, BAEHEICR
ZHIAN « #EE < B A v 2 ORI A BT, HE{EX
18« FERRR IR A » > = OEEE MEA A S
N

72720, HEINA w3 2 D5 ) ONHEGT < I IR H
WAL, FEHMAHEL TWND, ZAUBIEBIRICEES 0
EEZ B, BIREOZAPEE S B B g O 1
WZDOWTIE, BEERMEE L E 2 Hivb,

5. NFUHEREG - #EHERIO A v > 2 N5

HIEEC, Avia ) COMRAHSINI RS T2H3,
ZNEND A 3 278 3R LT REORAKFE IR A
AR EAUF EREE L TODMNIHOWT bR INZ 5
VR D, ZDT=8, B THHT LI « HERE - 8
Ay a Tl DO NAZLEEETT D, 7236, AHTIX, 2D
YL EOERE AN A > 2 NITAHET D856, 2. ORLTZ
JAECANOZEREL Y L, EN OGS E D kD
ZEIZEY, HirE T
FERAEFANTRT, BEED A v ¥ 2O T, BN
A o3 a OEIFEIRITR LT L1-0.5m T 10%, fthod/ %2 —
2 TH 3% 5 13%E D772y, HEINA »~ v 2 NTO
RAKAEERIRN A A OB O80T L1-0.5m Tl 2,822 TA
T, ZAUIERD A v v 2 NCORD Rtk 2,336 T A%
RIS TEY , DIRVEINA » > 2| ZE T S g T
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NRCANAELFYE LN ERN 0D, 23 Ko T, I
AT - T - SW2ETT - 8T - JIIRTH & Vo 72
AN BTRIRDZ < AL CrIoRBk, i,

f*ﬂ IR OERSARR S 73.5%, oo 2 — BEFRE  IRET. &R N, BARERIRAN A 0 O K
THY, ANOHED 7 E~8 EFEEIITHEEKIEANTORIN W2 ERPALNE 2T,

WZEdbDlnzx b, —FH, WD A>T aNITEBIT5iEK
FERIBN A DI OV TIE, L1-0.5m T bXIsoHE
?BZ%EEH: $37%., DI N—THFERRETHD, ZD LD

VI EIXIBN CORAFEE RIS O A OBl 3440 4 F
LIFThY ., FHERISCHRAR ORI RE <,

75 CIRAABERIRAN A DI MR © 2% < 72> T R
23 X%, FRIXBNEERF LTt D036 TH D, A v =
DILINHEED BEIGEIMFET D581E. Aviad 23
PLEIRSONE SO BIBIRIZET 254, HIH0NZ AW
PTHOBEBETIRAE LTV ST 285 A114%%E75

NFEBBE SR E T2 DI TRETWA WV B,
PbZFE LD L RAKEERIBNADOEML, ik
Ik D— RO Hiulslk CHER#T T ~D N AR - THA
LCWD Z EENBSINDRERE 72 o7z,

RIZEF EL TG, 727210, 23 IISBERAA D A A » v
2 DOFNEORBAET DA v a3 HEL, i
TEIVIRO B TELRNA v aPRlboT=l-, FHuon
TE, XIS A vy & UTEBNCEE B L=,

5 BN Y7100 A 22 OFFHET 2 A

6 AR f l:I b)
BASBEPIIAIA LA ok, AN A R (0

THEHLTWDHA YT 2]

ST L1-0.5m L1-3.0m L2-0.5m L2-3.0m

NS LI S NS LU R S N=E. L) B ooAOE TR %% A0

SIAYAS -

RIPHE CORPIZ LY ) F23K 53 159,084 FE23[K 58 78,047 FA23K 47 172,146 F23K 52 116372
—EROHIE DO N O EEANH Jio 8 21208 Il 16 31,144 f@ldh 11 37,229 Jiip 14 32279
PN b=l = IRy 6 18949 il 4 6,838 KKl 8 29,625 KKl 9 19,797
2 [EH 722K AT XN : : : :

= 4 ; oy k . i 5 15,688 4R 4 3,570 I 6 29958 [T 6 12,810
AR OEEIMIEE L TL JFH 4 12,030 IEBHT 3 4,677 REEH 5 18391 FHT 4 11,809
DI EVBHENNI ST 1T 4 11,004 FIli 3 3624 il 311,200 AU 4 8910
. BIRICZD L 5 Aokl S g 310,638 SVEdl 2 3401 JRi 2 8385 mUERI 1 2,688

e I\t 37764 WAL 2 2190 Surgi 2 8013 gl 1 2,407
iﬁ#k“kﬁﬁ:bf“é &)1 3 7,250 B 2 1,959 WHT 2 7,703 ¥ 1 2217
A L. EOFIROHE BN 2 6,137 JEETH 1 1393 #ah 2 6,768 SuiEii 1 2,165
B A PAY e [ 1 2 4714 EAH 1 1,385 JIlOw 2 6,581 ERIIM 1 2,124

. N WK 1 3306 B 1 1,133 —4%ifi 2 6,137 AE 1 1,891

L1 - L2 Djll, =K HUERTH 1 2,688 t&dih 1 947 F AT 1 5225 &K 1 1,779
0.5m*3.0m OFDOFNFh R 1 2,588 ANk 1 853 M\Rifi 1 4,663 Il 1 1,753

DML 4 SF— P 1 2435 Ik 1 840 I 1 3,023 <FOifi 1 1,718

Fl 1 2,407 2 100 141,998 Hf i 1 2851 @il 1 1,682
“i“ BRI A & 1 2,179 *Hasimiva 7.6%  41% PEEH 1 2,840 KFifi 1 1,585
HHERRENA Y 2 FLbRTH 1 2,172 TRt 1 2,794 & 100 223,986
5100 A= ZHH L., B 100 292,243 BB 1 2,780 #aminiv: 14%  13%
“nE TN R~ 7100 A REAHEMAY: 1.0%  10% )1 12763

. 3t 100 369,075
Wy YA - 5
yval & LV)C\J?)FELKO SN 0.5% 6%

D100 LWV O ET A, 1

A > 2 UKk 5 b 6 BN w7100 A v ¥ =2 OFAET DEHIX

L UCHCHS &L B HIIA v, AR RIERA A TR ()

Ay 2B bE 12 L1-0.5m L1-3.0m L2-0.5m 1.2-3.0m
D05mPLETIZ05%, & FBlK B A0 BRIK M ADW BRIX % AW BRIK % o

. . X 11 31410 & il 22 30,091 HMAIX 9 29702 ITAJIIX 9 25,409
bR LT O 3.0m LLE [ANSIIIES 10 30,597 JEKK 8 10,628 HRIX 8 34335 MK 9 17,088
TIE 7.6%\272 5, BEX 9 27,458 ITHEIX 7 10,408 HIRIX 7 23274 HERK 8 18,952

-~ . TTHX 7 18,537 BiUBIX 5 7144 AKX 4 17,551 LUK 5 11,902

ZIB 100 Ay a g, g X 5 18,073 K 33366 FJIX 3 12,184 FIIX 3 8,086
FAE L T B HETA BN K 2 8,108 JTAJIK 2 2495 KM 3 12,09 JEK 4 6,707
N SRS N KX 2 6387 BHAK 2 2342 SIX 310,583 X 3 5,145
ﬂhu(%”ﬂ/t%@?\ ® JENTIX 1 2,590 EfiiX 2 1,839 JLHKX 3 9359 WX 3 4857
5 ThD, 4 o0EEE 4 X | 2346 BRI/ 2 2902 TRHEK 1 4,129 BHK 2 4,659
NN N X 1 2215 Rr/Bfh 2 2223 FfEI 1 3228 X 1 3,132

ZHBWTHER 23 [X : : 2 : .
;TL M ’CH E: 23 RS I/ ear 1 3214 dt/@ 1 1,845 BH/K 1 3,642 KEOK 1 1,710
b Ay a2z, 50 TEATA 13,061 mEATA 11497 /R 1 3227 RI/EW 1 2,649
Bt NIYAN HH/3E) 1 2,891 Jb/Hits 1 1268 THR/TA) 1 3,123 TH/iTA)| 1 2,407
ﬁ'ﬁﬁ&‘ 1{&{2}&4:)772.5&7)( BEAA) 1 2,198 G/ 1 2,891 b/ 1 1,860
BY, F-. MEAICE ;;/%Eﬂ/ | 2818 R/ 1808
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ABFFECIE, ABHTFHE LD & X 9 22Kl CIRAKAEEX
N A ODEER L CD0 RENRARY 22— A% ERT)
WZHABNZT D721, 1995 4F2 5 2020 4 F T 25 4f#]
DNOT—4  ZAAREXIET — 4 « #TiFHE GIS 7—4
DOEREDOEEST-T2, ZIUTINZ T, RAGEERIENA
A ORI ZRD T2, NHERG - #EHAEHID A >
AR ANAEGHT L, FHZAODEMNL THD A v a
WU CRIIIZ oHT 21T > 72,
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7. IR - FERRAS - FERREAHE - FEHSLCIE B LT
B LCBY ., RSN o AN Dt 2ET
DIRAABERIRN N O OEINAS | E L Z ZHTND Z &R
ARy

RAKEE IR O OME A A > o 2 BTt Liz & 2
A, HINA v 2 OFIGIE, HEFA v v a0 A v a
(ZEEATHe 70 REIIZIRZAEERIBN A D2
P> LB N2 T, —EROHE CORIMR, 4
ROBMASIZEZ L TWD 2L, VAZREL RDI1EE
ZOEEHFRNT LDy T=, Fiz, BIIA v 2
S T ERIRICAFE L, 22T 7 Hi~8 HfREDR
AVERIN A B O Z > TV Z & b 9h o7,
—J7, Wb A v a2 NONOEIE, THEH LRI ColEd
IF4FLLTTHY | SISO E I CoREH K&
VY, IRZKARERIRN A D 2SN LTS HE Z DT, 4
IR 100 Ay vaZffiiLize A, FUL 23 K&
U & T HREITNE L & 5D D Z EnoyinoTe, Zh
HOZ Ln, RAGRERIBNA O ORINE, BT
~DONAFTNFES TRAELTND Z LR NREND
fER L 72T,
AFOFRERI AR DI, S OFHEIRK &Efs LTz
B E 53K VIR 2-ERELLTIORT,

F9°, EAAEERIEN A A O8NE, 20 25 FEROERE
[EYFOPRAVCE T EDEN E | REBHTTRRO T HEFIFH s
PAER & 7e o TeABOBA~DO NI L D R LT
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