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Model of the determination of tsunami evacuation
and its application

Tetsushi HaAvakawA® and Fumihiko IMAMURA *

Abstract

A well-designed system for evacuation after emergency warning issues is necessary
to reduce the loss of lives that results from the destruction caused by tsunamis. Even
though safety zones in elevated areas have been prepared by central and/or local
governments, the routes to these zones have not been well publicized. A lack of tools
to evaluate evacuation systems with human behavior or response has delayed finding
solutions to the problems. The aim of the present study is, therefore, to develop a
model to estimate the starting time of evacuation at several stages by using the
quantification method of multi-variate analysis. The parameters in the model, called
category scores, could be determined by the data on the tsunami evacuations in the
past. Provided the earthquake intensity, location, experiences and time zone at each
region, the ratio of the evacuation and its starting time can be estimated and be
compared with the tsunami arrival time, which is useful to evaluate the present system
against the tsunami attack. We applied the model to Miyagi prefecture along the coast
and discuss the risk of the tsunami attacks.
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Fig. 1 Flow of the estimation of starting time of
tsunami evacuation
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Fig.2 Human behavior on evacuation at the main shock and aftershock in the case of the 1983 Japan sea
earthquake tsunami. Modified after Urban Disaster Research Institute (1996)
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Fig.3 Human behavior of evacuation in the case of the 1993 Hokkaido SW earthquake tsunami,
depending on their experiences. Modified after Institute of Socio-Information and Communication
Studies, Tokyo University (1994)
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Fig. 4 Starting of evacuation in the case of the 1993 Hokkaido SW earthquake tsunami. Modified after
Institute of Socio-Information and Communication Studies, Tokyo University (1994)
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Fig.5 Human behavior of evacuation in the case of the 1994 Hokkaido east earthquake tsunami. Modified

after Shuto (1995)
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Fig. 6 Human behavior in the case of the 1998 Ishigaki south earthquake tsunami, with the different
intensity. Modified after Research Institute for Subtropics (2000)
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Fig. 7 Human behavior in the case of the 1998 Ishigaki south earthquake tsunami, after receiving the
tsunami information. Modified after Research Institute for Subtropics (2000)
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Fig.8 Process of the action into the evacuation on the tsunami information

Table 1 Items and categories in the proposed model
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Table 2 Sample data for inputting to the proposed model
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Table 3a Result from the model of the evacuation
ratio at the time of the earthquake

Table 3b Result from the model of the evacuation
ratio at the time of issuing warning
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L, SSICHEEREZIGE L TR coFROHE
TEREHER ERF AR R, TS bt
B L UHKEEREER) 2RT 5, 2ITE
Fig. 9 1</Rd & O I HE kIR ot R GBI

OWiE A, B 2#%E L e GIEFAAZEL, 2000 ;
ek « fth, 1989, Wilg A, B DN & FEKE
T A —5% Tableb IC/vd, Th%E b EICHIE
R AR E F O fc e B TR (B - /NI,
1982) 1Tk » T, EHERFED 11 OHEFICH
B 1 E RN DHER 2 KD 7o, BbETE
B 3515 % Table 6 1I2/897, & 72, #FAh



HARKERS: J. JISNDS 21-1 (2002)

61

M O~@% Fig. 9 1T, % 1 KB L PR KEOF|
EHE % Table 7 22 W2 hoRd, 7B, Fig. 9
DEEFITH 1A L FRESERETH 5,

WEEEITERIBHIG E VAT T S ich e, LI
DEIBEREREEIT>TWVD, 97, HEW
JEick > TRET ZMBEOERE LU ETH S &
EZAoNBDT, BEOANTFITY) —F1 & LT,
Rfalid, Bl &R oB&EOM G =R E L,

Table 3¢ Result from the model of the evacuation
ratio at the time of the tsunami

attack
R FERRER
7456 | nrgu—- P73\ mmmmn
A7
- |1 :K -3.1
= 2 2.9 0.28
o = 1 :fEkg 2.9
TS q02| 936
1 HEERHY 10.2
& B |2 EEEBHY 05| 0.34
3 EREHAL -5.0
MR 7.0
BEF o Bm 244 993
TH0E_(FHE) 46.9
SHBERE 0.84

FERoOFEGEMRICRELTE, Es (EE) T 10
* — MOVERE, iR S OREEET 200 £ — NV
BE ] LW E—ThililcTOTHNIER
G, W E bSOV OTHENIGEHRE VS
FTDONFEEIT > T b FBRIC> W Tid, BRL
P E OB (EHE, 1985) 5%
IZ, Table 1 DIEFRITS EDVWTHIEIT- 72,

BEETHIBA T 7 VI & BHo 3 BT o
EREER LR A Table84a,8b icid, 2 oD%
FEEEBMOEVEZRL TV S, B 5RH
BOERKE 100 % & LT, &BchdtiTE) %
BG4 2 EGERL TV, 9, HHOER%
B2 EEI 2 SoB#Esb» b, 12 XS
D 5@ % TOHIX T IFHIE DR TREEE A BTG
T L EG AT IC BRI BEFIRTH 5 &,
b9 1 SRIFREETHSORIES LWV T &A%
» 5o CORKIGEEEBROFHARE CBIFRL
TWs EBbN 3, 5B, FHEHUKDLIE O X
BEEN) crRMo%E, YRk bs0widz
NP EOERD RO RER bITE 205 2 &N
TERWIEAERLTWVWAS, 272L, BRICE 3
LAY DO REEDHER T E B 1o D I EER O 1T
BB R E < 185, BEDO R & [AkE7s &M

Table 4 Errors between estimated and reported evacuation ratios

HrTI TR AR (%) RBEE L DRE(%)

No. | #h | B | FK | iR | B8 | 2K

1 56.9] 49.4| 39.2 2.5 145 1.8
2 56.9] 49.4| 39.2 0.1 3.9f 175
3 48.0) 37.6] 26.0 1.5 2.0 8.4
4 56.9| 49.4| 39.2 2.7 9.0 7.9
) 56.9] 49.4| 39.2 8.7 1.2  10.1
6 56.9|—- 39.2[ 16.8{-—-- 20.6
7 76.7] 67.3[ 49.9 7.0 9.5! 16.8
8 48.0] 37.6] 26.0 54 114 8.3
9 28.8| 16.4| 34.7] 18.3 9.1 11.8
10 28.8| 16.4| 34.7] 17.8 9.6 5.7
11 -154( -7.3| 427 154 124 5.7
12 12.8] 25.7] 47.2| 12.8 3.7 14.0
13 -15.4| -7.3] 427 154 8.6 9.3
14 12.8| 26.3] 47.2| 12.8] 20.3] 13.0
15 14.3 7.8/ 53.0 5.2 2.3 2.5
16 -1.7] 17.1] 65.5 1.7 7.2| 14.2
17 269 46.8| 894 14.0/ 140 13.8
18 26.9] 46.8] 894 71 23.4 3.0
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Fig.9 Expected fault offshore the Miyagi-ken and locations along the coast for the evaluation in the
present model. The line in the sea region shows the tsunami arrival time with the interval of 10

minutes

Table 5 Parameters for the expected fault offshore Miyagi prefecture

% e | B | BimA | BEB
B N "] | 386 39.1
MEERES [(BE E [°] | 142.6 | 144.7
R d Tkm] 25 1
EASAOES L [km] 26 120
RESER l@prmoral W | Tl | 65 | 60
£ lBuEvE U [cm] | 200 350
R - [EAFH ) [° ] 190 205
mi;igg E=mH 5 ] 20 30
BVEBOAE x ] 76 90
T, Table8a, 8blcmisNTWVa LS ICEA - . ,
e o Table6 Condition for the simulation for the
B 75 Hilsk © D BEEER IS HERI T & B, tsunami
B HAE TR 1%
42 BEEBILBSRIOHEE £ BAKERREO EEEEEE | 1500m
bkt HEEREE | 2mE
KB T D REEER A3y A B &R EEE R & R TFE 237X%X340

iz & o BHic O fEBRESIIEIC IS 5 EE R B,
fofe L, REEEER A oREERER] & E AT A 2 L 13
HER S WD TLRPBMBETH 5, F 7z, HEDIR
AT & 0 S EEBE (IEEERHD ToREERBZ L
THh, ThENGFHIBICE T2 1 >0kt

TR BN D B, £ DI DN HIRHEDE
AHTHB, WE, SEMEOMRE Zhic X %k
HEBRKE-TVBEDT, TNEREL, SBRET
OF%ERD B Eicky, TOWRHEIRE D,
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Table 7 Calculated Arrival time of the first and
maximum wave at the 11 points for the

evaluation

£:] FERSRE(9)

1% TS 1R BXE
®|  sABTH 26.3 46.0
@| FEH 30.6 50.1
®| FZ)E 31.0 61.7
@ boEld:) 34.8 64.3
® 2 )11 T 27.3 50.8
®| H"#EM 52.2 68.1
OSSN 59.2 78.2
KEh 63.1 78.5
Q| {uBH 64.9 80.1
E=viohtl 67.5 81.8
() =L 66.9 80.4

Iz (Bin) OHEEM &ER LI, Thig,
W &4 2 IC B VT, MESEE D SR TE)
Zhlsd 2 F comoREETH 2 Lillbh b,

TITELIT, KEMETORERMETET S
WNED D B, CDEEMIERE NPT EDES
D % T OREEBHIER R O WARFE & L TE R B,
BRI 3B i 12 o s 2 3RS 2 3 R & L,
JbiEE A VRIS D B A Id RS AR 7 o f T
7L E RICEEERERES SN TV S &V il
m HHIEEDRENIT & - TR BHIAd 2354 Ot
HEBHARREE] 2 3 47, ERAEDIT K B REEEHHAG R
104y, % L CHROFEIC & - THEEE A BN
T B4 ORISR A 55 1 R Ui o 2R
& Lo LinL, ThTHBELEZVWEL S A
DEEMH Y, T LS AL TR OER
TR TS T AT 5 & WD T ETRKR

Table 8a Result of estimated time for evacuation and arrival time of the tsunami in the case of night-time

M wpre ||| E W REE(%) HICHT HBEE(%) WEE [ BRnss
1 Elm| s m R ww | en] BB | B8 | ew BELLL] (5) (€2)

olgwEs |1 [1]2] 49.3 39.2] 57.0] 21.2] 85 13.3[_12.2 14.1
e ]2 37.5] 26.1]_48.1] 195 85 23.9] __18.0 12.6
QlE2ME__[ 1] 1 49.3] 39.2] 57.0] 21.2 85 13.3] 147 16.3
@ ;T ALE ]2 37.5| 26.1] _48.1] 19.5 85 239 217 13.1
BB BE 49.3[ 39.2] 57.0] 21.2| 85 13.3] 129 14.4
®|E5%EH K 49.3] 39.2| 57.0 21.2| 85 133] _17.3 34.9
@| &8 ]2 4.6 21.6] 20.0[ _3.7] 165 59.8] 575 1.7
B G K 16.4] 34.7] _28.9] 11.7| 20.6 38.8]  45.5 17.6
QA 12 4.6 21.6] 200 3.7 165 59.8] 596 5.3
®|EBS ]2 4.6 21.6] 200 3.7 165 598 61.0 6.5
@ET 1]2 4.6 21.6] 200 3.7] 165 59.8 _ 60.1 6.8

Table 8 b Result of estimated time for evacuation and arrival time of the tsunami in the case of day-time

4B - ——l =15 HEBHE(%) SRICH T D RBB(%) HARHE | BRRIROSRE
o) E\m HE | R BR[| B | B | K BELEV] (5) ()

OIEMWBETF | 1|1 51.3] 52.5] 70.6] 51.3] 25.6] 16.3 6.8 11.5 14.8
@| A EHT 1/2 [ 42.4] 40.7] 57.5] 42.4] 23.4] 19.7 14.5 16.9 13.7
@|FzmE (11 1 51.3] 52.5] 70.6] 51.3] 25.6| 16.3 6.8 133 17.7
@)|;A4LEy 112 42.4| 40.7{ 57.5| 42.4] 23.4| 19.7 14.5 19.8 15.0
®| % )I|BT 111 51.3] 52.5| 70.6] 51.3| 25.6] 16.3 6.8 12.0 15.3
®|a%EH 1]1 | 51.3] 52,5/ 70.6] 51.3] 25.6] 16.3 6.8] 17.2 35.0
QeI 112 14.3] 7.8/ 53.0] 143 6.7 41.9 37.1 54.9 4.3
|®|E®H 11 23.2] 19.6] 66.1] 23.2| 15.1] 40.8 20.9] 444 18.7
[O=i 112 14.3] 7.8/ 53.0] 14.3 6.7 41.9 37.1 58.0 6.9
| & 3H 112 14.3] 7.8/ 53.0] 143 6.7 419 37.1 59.7 7.8
0| 588 112 14.3] 7.8/ 53.0| 143 6.7] 419 37.1 59.0 7.9
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Table 8a, 8b thicHiE Ml (43) & L TR
FaoR L, EEBEREIT X 25 1 BB &
DEABEBISRHG (5) & LTHETRLTVL S,
S 51T Fig.10a, 10bicidcniEs 57 TRlz
ERAERT, IO iR, 5, REOESE®
DB OHIX T & 2 RARTRAlIE T & 0 Bl ot F
HIE L, AR R O b O O BEEEBI A 23
N5 i, WHARGD b ORItk & G IEN S
<, —HitloHig (D»5®F ) ’kFEsh
BN BEEL RO S 00 15 )RR o R Hr
RAEH D B O THIRMGERESE D & WS T &
bh b, FIBHEOEE R, BN EEST L L
IT & - THREEEA BTG G 2 A EIA S EEIC AT
RELHINL, 2hick > THHEEL 0 ADEIS
DL 5T WD, Liehs > TR o
RFE /NS < fa b, R & i LRI ARG
BhHsEVIFERNEONT, 2L, MET S

WifE DAL WG €5 2 — 7 OEAEEL 5 & E
FIEREI AR E B L L, FEMOFSEAE - T L
LT EITHEESNIZV,

b, FHEL X &

KWL T, @@L DA FP) % S5 1 bR I
RAEWIET 2 HEERE Lo, & SIS Gt
BT oBMER,» S, il TcoRE[mE LT
EEEEBR AR 2 B U, R BRI & o Hhiic
X O BUR T OB SARTP R - BT ok
FE 29 2 H i E e Lic, Thic & b sk
TOERE® & ST 3BEK ) %2 BG4 % 2 &
MTE, ISICH LV Y R 7 LA DT RESEE
Bicky, TOREORND 500 EHETET S
FHENEIENARETH 5 £ HEX B, 1212 LA
BALTATLEDPBORELICSDTHD, &
575 B REHESETE, MR, EREHE SR
L7cESLETH %,
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Fig. 10 a
night-time

Arrival time of the tsunami and estimated time of starting of evacuation in the case of the
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Fig. 10 b Arrival time of the tsunami and estimated time of starting of evacuation in the case of the

day-time
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