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Abstract

Development of tsunami evacuation facilities and formulation of evacuation plans have been advanced
rapidly after the Great East Japan Earthquake on March 11, 2011. The guideline for development of tsunami
evacuation buildings given by the Cabinet Office in 2005 showed a simple model, which illustrated ‘“People
evacuate to the nearest facility and people don’t evacuate to the direction of the sea.”. This simple model have
been used in some studies of evacuation simulations. However, the hypothesis doesn't always reflect actual
evacuation behavior precisely, because the height of facilities, capacity of facilities, distances from an evacuee
to facilities and directions to facilities affect choice of evacuation facility, and tendency for choice of evacuation
facility differs according to age, gender and means of transportation. This study proposes facility choice models
which enable to explain choice behavior of evacuation facility more precisely. Evacuation direction, distance to
evacuation facilities, height of facilities and capacity of facilities are used in this model as the factors which

affect choice behavior.

Chapter 1 reviews tsunami disaster and the measures in Japan, some surveys of tsunami evacuation behavior,

former researches, purposes and significances of this study.

Chapter 2 analyzes an interview survey of evacuation facility choice by using a PC monitor. Ordinal
preference data of facility choices was acquired and basic knowledge of evacuation facility choice by tsunami
evacuees was obtained in this survey. A choice behavior model was formulated with “direction to facility”,
“distance”, “height” and “capacity”. As a result of estimation, it was confirmed that these explanatory variables
affected the choice of evacuation facility. Form of utility value from evacuation facility on a plane was shown
by this model, and differences between evacuee ages or genders were analyzed. As a result, the utility value of

elder people was higher than young people in inland side.

Chapter 3 gives an interview survey of facility choice for visitors in Fujisawa Katase Nishihama Beach, and
presents the choice behavior model. As a result of estimation, it was confirmed that “direction to facility”,
“distance”, “presence or absence of river on evacuation route”, “height” and “footprint” affected the choice of
evacuation facility. Choice probabilities of evacuation facilities for visitors on the beach were estimated by this
choice behavior model, and the number of evacuees of each facility was estimated. The result showed that the

number of predictive evacuees exceeded the capacity of some facilities.

Chapter 4 examines choice behavior models for walk evacuees and car evacuees by using the survey data of
the Great East Japan Earthquake, by the Ministry of Land, Infrastructure, Transport and Tourism. Analyzed
areas are Sendai-city, Natori-city and Iwanuma-city, which have flat areas. As a result of estimation, it was
confirmed that “direction to facility”, “distance”, “height” and “footprint™ affected the choice of evacuation
facility. Evacuation facility spheres were drawn by using the model formulas. The proposed model, the
guideline model of the Cabinet Office and the former research model were compared. As a result, it was shown

that the evacuation spheres by the proposed model explained choice behavior more precisely.

Chapter 5 summarizes the research results and discusses suggestions for town development for mitigating

tsunami disaster, and future tasks.
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T mh R B -0.00581 *** -0.00566%** -0.00581 % -0.00591 *** -0.00493%**

FEEL 40 B3 222327 - 3.43445%* 4.14351%%* -
AELRA ) Ba 0.58891 1.27605%** 0.26116 - 1.14003*%**

I Bs -0.42672 -0.69332%* - - -

LA D 5 4 4 3 3

P TN 123 123 123 123 123

IR O Hikic X% Hiklz k5 Higklz k5 Higklz k5 Hikiz X5
BE 0 1580 1580 1580 1580 1580
L(0) -322.57 -322.57 -322.57 -322.57 -322.57
L(B) -45.72 -46.54 -46.71 -46.90 -51.16
-2 (L) - L(B)) 553.70 552.06 551.73 551.34 542.82
p? 0.858 0.856 0.855 0.855 0.841
p2 0.858 0.855 0.855 0.854 0.841
T 1 85.37% 85.37% 84.55% 85.37% 85.37%
W 2 95.12% 94.31% 94.31% 94.31% 94.31%
AIC/N 0.825 0.822 0.824 0.811 0.881

wk o (O EKYE, ¥ ST EKTE, ¢ 10% AT K YE
# 4-8  HIZ K DML DO XT A — 2 HEERE R
B 153 511 T2 T3 T4 TS

WERE 5 1) B 2.02246%** 1.96420%** 1.94627%%* 1.88473%%+* 1.95832% %+
) B B -0.00110%** -0.00111*** -0.00116%** -0.00112%%* -0.00116%**
BEE (oK) B3 -0.32696 - 0.06816 1.23229%%* -
LR () Ba 0.76200*%* 0.68791%+* 0.68169*** - 0.69768%**
T Bs -0.19800** -0.16420%* - - -
AIAE SO 5 4 4 3 3
T NVEN 245 245 245 245 245

B DL Hilgkiz kB ki & % Mgk i & % Hilgkiz kB Hitgk iz kB
BHEDOK 3054 3054 3054 3054 3054
L(0) -577.80 -577.80 -577.80 -577.80 -577.80
L(B) -314.92 -315.23 -316.96 -329.79 -316.98
-2(L(0) - L(B)) 525.76 525.13 521.67 496.01 521.63
p? 0.455 0.454 0.451 0.429 0.451
p? 0.454 0.454 0.451 0.429 0.451
R 60.41% 59.59% 58.37% 53.88% 58.37%
W= 2 75.51% 75.51% 77.96% 75.92% 77.55%
AIC/N 2.612 2.606 2.620 2.717 2.612

ek 1% A EKIE, *F 5%

EOKYE, *: 10%G Bk

B DEIHR 1 FRICEWRER, EHR2 BB 2FRCEVERETHEO TRELLFHRTH D,
RO, e 13, AW 15, 53 11 CEEmN OB S (Ia2ss —I L) L LT,
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K49 FERIC KD REEA DA EOFRBIFREL

wren | pmien | o | TEA | R
HEEE T ) Pearson DFHBIREL 0.094%* 0.408%** 0.247%* 0.408**
B ah Rt Pearson O FHBIFR%EL 0.131%* 0.081%* 0.051%*
BE% kb0 Pearson O FHBIFR%EL 0.639%* | -0.115%*
R (a0 Pearson O FHBIFR%EL 0.087**
R SR Pearson O FHBILRE
w5 FEBMRENE 1%KMETHE  * : MBREIT S%KETHE
#4-10  HUT K 2 kR O R O FEBIFREL
HEEE T 1) Pearson DFABIREL 0.014 0.394%* 0.254%* 0.300%*
e 2 UNiEL s Pearson O FHBE{R%K 0.174%* 0.093 ** 0.085%*
P Gt %) Pearson O FHBER%K 0.679%* | -0.068**
BEmAE (0 Pearson DFHBI1REKL 0.112%*
RESE ST R Pearson DFHBI1REKL

o FHBIERENT 1% KETHE  * MBREIE 5% KETHE

442 FERTBICEEIT SEEDOLLE

FEANT K 2B & LT X 2R TV T BREGREEERERR OB TENC £ OB AR 58 <

HEL WD DMERT 5, EEGREHEE M H IR K XIE (X 4-4 38 XU 4-5 O HGH E #iR) 12
WO B EE R Do K 4T DFEANT L Dl L3R 4-8 DHIZ L HBEHEE DT A — 2 HEEEE H
VT, BRSO DALE D D OEMGREE R O K A AFR L. 2 ORKIE & R/ MEDE
(A DMIRONE) & i 5D, £ 4-7 ORI K DWEEEE OF A OB KL & F/ME % X 4-7
(TR T s 3K 4-8 DHUZ L D MEHEHE DA O RKIE & Fe/MEA K 4-8 17T, EIROIE K b K&
WFBIEEN, HRGEIROREICKE R BE 5 X TOW DS AREERSH S LB bND, K47 &
4 4-8 T () OEAEIL, SRHMED & EFALEN L HETH D, X 4-7 LK 4-8 DET /L3 1L,
2 EDX 2-13 B2 H O OBE & i3~ 2 72 O 1ITER L 72,

B 4-7 OET V1L, BEEEE D D E R R F T O BRBEAS RO By dy DK & e/ MED
FEMKEN, FEAROREHER 13, R % % C o0 BRBfEd, ;Y EE R R iRk 00 290 P A R b D RIS
HBERERTH D, —I7. M 4-8 DFET V1 ILREHET 7B, sin 0;; DR KB & B/ MEDFER K E VY,
HLOBEHER X, BEEE S 1] sin 6, 23 HEEOREEE MR O RN B A IR DBRIC BB R AR TH D,
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4-7 DFEHNT K 2 REEE & (X 4-8 DHZ L 20EEE 2 b3 5, AR L DR 13, BT &
HREFERT XV | R ) O HEEBEEE N % T O BEBEDR RO RN By DER KB & B MED EN R &
VN ZAUE. FEHRIC X DB O U 7 BREE AN B K AMEEEE IC L L CREW D EE X BN
%o

4-7 DEBRIC L DEHEZE OET V3 L 2 DK 2-13 (a) BIREZHKT D, X 4-7 OFEAHIC K
DWEEEH OF TV 31%, K 2-13 (a) & RRICEEE R ORI L 522N (5%, EEgtmpE £
TTINEANE) K0 b, HEEOREEE R £ C O RRREd, ;1 & 2 BRI AN HRE R % O 2 ITE A T B
BRUICEEREH THD, K4-8 DFIZLHBHEEOET V3 &2 EDOX 2-13 (a) DIRE LT
BETIE, X 4-8 OHIZ L DBEHEE OET L 3 1%, X 2-13 () 2L FERICHESE S sin 0;; &
e R 5 C D R ;1T 2 TR )3 LR SR 5 0D %0 I 2o PR oD D BRI B AR B T D,

100 . (100 (4HE) (15223m?) 100 1o @B (15223m?)
: . 4.76
50 1.87 (G40m) | 3.08 5'—97 (6m) 50 1.77 (340m) 2.52
' Lo ' B i
0.0 T -1.97 T 0.0 T -1.97 T
. T — 339 T . L —
000 | s s 0.00 1.50
’%{ -5.0 -1.77 @Hm7) 556 % -5.0 167 B G14)
1 1 m?
= 100 (095 R Tm) 7 -10.0 (0.95) (1)
-15.0 -15.0
-20.0 T -20.0 1
-25.0 2188 -25.0 2188
-30.0 (3767m) 300 (3767m)
Bising; By Bsln(hy)  BilnGs; Bsw; B1sindy Bady BsIn(h) Baln(s;
A (3T A —FHEEXELR A (7 A —FHEEEXER)
ET ETIV3
(45) 11.03 (15223m?)
10.0 (1.00) 574 10.0 (1.00) I
50 179 (340m) - 50 166 (340m)
0.0 T -2.01 l 0.0 - -1.68 6.55
: + - : - T (314m?)
@ -5.0 -1.69 0.00 @ -5.0 157
i 1R =
& -10.0 -0.95) (k) &= -10.0 (-0:95)
-15.0 -15.0
1200 i -20.0 1857
-25.0 2226 -25.0 3767m)
m
-30.0 (3767m) -30.0
Bisind; Bady Baln(k, Bising); Bad; Baln(s)

R (N7 A ZHEEE X AR

TT )4

B (RT A R HEEEEXER

EFI)L5

47 FEANC & 2 REEER D452 OISR O e

71



(1.00) (15223m? (1.00) CATEEY (15223m2)
vt L 100 A 7
sop  (Um) cmpy O os | msmy |
125 100 2020 5.0 - 0.66 095
o0 T L2 s o 00 T -132 -
. 1 I - I . T I
@ 5.0 178 T 2 50 | 17 0.39 0.00
-4.11 -2 2 . i 433 2
% -10.0 1 (088) 3736 (1) G (1m) & -100 (088) (LBE) (314m?)
-15.0 (3736m) 150 (3736m)
-20.0 -20.0
-25.0 -25.0
-30.0 -30.0 .
Pisinb; oy Fin(h)  Baln(s) Bsw; Bisindy Bad Biln(z Baln(s))
A (N7 A—FHEBXEL A (T RA—FHEEBXER
TV ETIL3
10.88 (4F)
10.0 (1.00) I 10.0 (1.00) A q')')'ng)
S0 188 (1135m) so 196 (1135m) 0.97
’ -1.27 7.08 ' T -132 )
0.0 I I 0.0 T I =
-1.66 (1BE) g 50 173 0.00
-4.18 B -4.33 (314m?)
(-0.88) = -10.0 (-0:88)
15.0 (3736m) 150 (3736m)
-20.0 -20.0
-25.0 -25.0
-30.0 - -30.0 :
Bisindy; Body; fsln(z; Pisind; Pady Baln(s;

BH (O8T A —FHEEE X EE) TR (N7 A—FIEEXER

EFL 4 ETNVS

4-8  HLIZ & DS O OISR ONE
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45 HEEEBRIOERE LR

VERR L7 BT /s R EERE Ik 2 VR U Sear B e pal Ik, Pl i i R e R dike & > o 7= BETE AT
TRINFETHA RTA  TRENTE-EE DO AE1TH

(a) ANm /AN K D bk

Au A M, FHE OfiaER & sk OB AR T 720 O TH S, FIHHEZS > &bt
BT D ik IR T 2 LIRET D &, Ar ) A ZAJE (Thiessen ZAE L HLIES) BNENE
NOMiR DEBART Z L LD, K 49 TRT & O ITREEER R ] 2 55 A 728 D FEIE 5555k
WERR T D, KM 2 R & Lo r /A BT K 2 Felrtabt i ik 4 (X 4-12 127

(b) BUNDIA RT A 2 HIE D 2 Rl e 1k EE ] ek

LR REHE I Z 3 U D RERGRIUCEE T 2 BT vk, B (2005) WRFIT L7 HA K74 )
TE 8 D R U VB OREIT) DD DLET IV (LR ITA RTA4 T N) BbbH, Ziu
HEGEEEE O R FHENC 31T D RERRET AL THY . MG (2003) 1912 K % & %0 2R T DO
TSRS AT OREAM I BE 9™ 282, Ratna (2012) '"MIC K DA o K3 & 7 OFHei bt S fi s A (2 12 B9
HAFZE, MRS (2014) ™I K 2 BRI R WX 381 2 HEROREEE G B O AFSE 7R £ T b [RER D
FIUBHNLNTND, HA RTA T E, RGO — U 7 (i) OBREICED
T JRANE U GRS 13—/ < ORI 2208, WEhm GRIEEOERTF M) ~Ofiag~1%
WEEERT 2 OBEEEE 0 O ROl OFERR TR IR L 2N T H5ET LV THD, A K74 TR
ENDHBZEZ K 4-11 \RT, RBHTA KT ET T, BEEEER OIUA ATREANEZ B8 L
BN DS N s TIAFI 2 | IR NI DD 72 ORI O NG U TRRWEEPH A 7 /38—
HELTVND, MiRDEREERTHZ L HHEETHL, & THHEMICR DO T, BEEEMR
WECTRECEX o FRRHEIN TV RNZ EbH Y, 22 CHAERLZEEETICRGFT
Do HA RTAET ML, K413 DX DITHIET 5, X 4-10 12 DERFEZRLTERY i
FE L OWATHRE L TRIE 2 FoM A D TR EAER T 2, MEEM & OFATHR A Mgk OALE T
& MRk & MR A R SRRy OB ER AR E L b B AE OE CEB OSSR R AR < .
Anu A BN KD BT 223, fiak & 0 BN B A R B 220 A TR E S B2 D,

H

(c) aFHfENt 3% RATENE 7 /1 2 Fl v 7k P

AHTCHEH U 7ok ORIET L EZH WD Z LI . REEEREE S B o & BB NT
WS A H 95 2 E 3 TE D, AT OB OBIRMER D 5 B I b BIRFER I B O iRk O fE
A& 2 Olisk OB L Frle T L ZOMERE T ORSRAHBTE 5, 2L, BIGEEORR
MR FATERD 5 Z LIZREEAR O T, 22 TIESom RO 7Y v RIROSET =2 21E%K L, %
NENDEORIRMER LR R LT D2 KD D, 50m D7V v RTF—XOMEERTHET D
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D LI R o CHREHET 5, B 4-14 13, FEBOMEERIC £ 2 BN ORI L i
DIESITIE, [ 4-15 1, ORI Z L 5 WAL O SIRHER & BB O 1R i T 5.,

X 4-16 1%, FEANC K D WEEES OBEERBIRIX TH B, £ 4-7 OFAZLE DR TR EhHEE
(S & L7eET b 4 ZRWTIER Lo, X4-17 1, IS X 28R OB ERERM ch 5, &
4-8 OFBIZEE DEEEE M) TRERRE) TS mEAE) & LIcET v 5 ZHWTER L7z, X 4-16
&K 4-17 DEEHRIT, BRKERELEOSEMER Th L, KBEHER OBEIL, O0ME M
220 TS, MEHANTIANR > TWDDIE, ARG T /7 A—2BORBETHY | Mz &
S CTHRIRORE SPRR D01, Hisk OB E I IXBEmAEO RN RIERICEEL TN D
HDTHD, K416 &K 4-17 Z e 2 &0 X 4-17 131X 4-16 (& TN BRI 0O BEEE G 5% 23 RO
BRI N MET AN IA L 7o T D, ZOHH & L CHOBEEE X, fEHoOREEE IZ TR
B R < AR OBEEEE T I TN RO BEEER R, 2 3R L 72 720D NI O 3BEEE R E% O SRR i R
D@ <720 W OBIRERMES o7t BEZDBND,

s, BRIEGAEE, AED 3 SOBEIRET VOBEA BAZ BT 270, EREOBEEfRE
RE | BEEEEIRIC K 2 iR O A SR Ls, T ORER, fAoBEEE 2 # 4-11, HOME
R 2R 412\ ORT, WE PR T, R S PR I PN OB U 7o R s R A ke L
TRHTET L2 E LTRIAE LTV, SEIkO@E T Z L7z &, (o) OEFTEINTN
bIRKERS>TND, ZORERI DIERDOBEEE DB 2 7 L0 b MR O RIUTENE T L )
DAERL U7 PRI OB 0 2 T oA, FEEROBEEEFTENCR U7z B oF 0 Y TR ARRIC AR D
LEZDIND,

DI, EOHUIROBEHEE A L2 ETITE T LT dvR L, X 4-18 IZfER O
U 7o &g R LT e VGBEEEE | (X 4-19 ICHLO T R L 7o REEERE Lo L T RV B AR
T, X 4-18 TRITEAOREEER 1T, BEVEEEN EOBEEEE 23 % < | BHEEIRN TOBE L1279
R E, — 07, K 4-19 TRTEOBREER 1, AR OBEEEE 12 OB B RS B\ Bk
W% < KRR DFERE LT 2 MU BEEE L 7B S 2 WD (BT TR oo L B2 b D,
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ERAM &

BESERTAE 2 BB DRRE 1L, I DI S 2D FIDZE LTS, NEIRF (2005) WO H A KT A o % VB,
X 4-11 HA FT7A 12 &k 5B

K 4-11  FEARNT K BREEEE 0O K-REFERE ik D 3E 2K

filia 41 A

4B 67 A

T 15 A

SR ZH 123 A

(a) FRilrts

39 A (95.12%)

26 N (38.81%)

13 A\ (86.67%)

78 N (63.41%)

(b) BifAlfReafr %

32 A (78.05%)

33 AN (49.25%)

7N (46.67%)

72 N (58.54%)

(c) |’EETT IV

40 N (97.56%)

51 A (76.12%)

14 A (93.33%)

105 A (85.37%)

K 4-12 T I 5 BEHER O 45 REEETE S oDt HR L
& 86 A £ BT 108 A AT ST A *G =T 245 A

(a) drilrd

44 N (51.16%)

12N (11.11%)

10 A (19.61%)

66 N (26.94%)

(b) Bt fRe T2

50 A (58.14%)

23 A (21.30%)

15 N (29.41%)

88 A (35.92%)

(c) EET IV

65 N (75.58%)

44 N (40.74%)

34 N (66.67%)

143 A (58.37%)
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REEEFE OREEER R OBIUTENZ £ T /UL Lz, BEEEREER OBHUZOWT, BT 2 05 1m), R
MO fiEE COMERE, MR ORE. MR OBREER, HxOE&sEMHE LTREL, nYy b
ETNNONT A—BERE LT, /3T A —ZHEEMD DREEFTEIZ#EE L, e/ A KIZ X
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