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EMERGENCY MANAGEMENT AND EVACUATION
MANUAL FOR TSUNAMI DISASTER

By Yoshiaki KAwATA and Nobuaki KolkE

Synopsis

In 1993 and 1994, we had two earthquakes in Hokkaido island, Japan. Both earthquakes
accompanied with tsunamis. From our field study, radio communication of tsunami
warning systems and issue of evacuation are inadequate in almost every local area due to
lack of the information facilities transmitted to individual residents and misunderstanding
on tsunami behavior by local government. We have sequential events in the process of the
communication in which every event may introduces and enlarges the disaster damages.
In order to mitigate the human damages due to immediate coming tsunamis or well-
prepared tsunamis after earthquake, it is necessary to arrange tsunami evacuation manuals
in every local areas. In the case of gigantic tsunami in densely populated area, disaster
management is very important to mitigate human and property damage. Numerical
simulation technique is very useful to give practical information about the tsunami
behavior such as the highest tsunami and the shortest arrival time. In emergency
management, humanware management and commandware one are also very important as
well as hard and software management at the moment of disaster occurrence.
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Table 1. Emergency management and its classification.

emergency management
risk management crisis management
reduction or mitigation recovery
hardware return period, encounter probability, reinforced lifeline, temporal housing
fail-safe, redundancy
abundance communication
software disaster information, training, planning, recovery information of lifeline, -
education, evacuation manual provision of emergency necessities
preparedness response
humanware search & rescue, volunteer, care for PTSD, emergency medical care
psychological counsellor
tactics strategy
commandware headquater of disaster measure, logistics, long-term reconstruction
command system, management system
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Fig. 3. Headquarters for disaster measure in state and city level.
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Table 2. Parameters of fault model.

Fault Model L (km) |W (km) | 6 ) &) | Z &m) | U (m) | Us (m)
1946 NANKAI E part 150 70 25 N20W 1 1.79 3.58
ANDO (1975) W part 150 120 20 N2 W 1 2.68 5.37
1946 NANKAIL E part 150 70 25 N2OW 1 1.79 3.58
ANDO (1982) W part 150 70 20 N20W 1 2.68 5.37
1854 ANSEI E part 150 70 10 N20wW 10 2.8 3.7
AIDA (Model 200 | W part 150 120 20 N20W 1 2.8 5.6

L : fault length, W: fault width, §: dip angle, @ : dip direction, Z: depth of the upper rim of the fault
plane, Us: strike slip component (right lateral), U,: dip slip component (reverse)
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Spatial distribution of maximum water level due to the 1854 Ansei Nankaido
earthquake tsunamis given by numerical simulation around Tosa bay.

Fig. 8(a).
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Spatial distribution of maximum water level due to the 1854 Ansei Nankaido
earthquake tsunamis given by numerical simulation around the Kii strait.

Fig. 8(b).
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Fig. 8(c). Spatial distribution of maximum water level due to the 1854 Ansei Nankaido
earthquake tsunamis given by numerical simulation around Osaka bay.
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Ooki Irino Saga Kure Usa  Kishimoto Muroto
(a) Kochi Prefecture

Muroto Shishikul Asakawa Yuki Tachibana TYokushima
Bay

{b) Tokushima Prefecture

Wakaygama Shimotsu Gobo Tanabe Susami Kushimoto

(c) Wakayama Prefecture

Kobe Osaka tzumi 1zumisano Kata Kaminada

(d) Osaka and Hyogo Prefectures

Fig. 9. Comparison between numerical results and field observation
data due to the 1854 Ansei Nankaido earthquake tsunamis.
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Fig. 10(a). Spatial distribution of maximum water level due to the 1946 Nankai earth-

quake tsunamis given by numerical simulation around Tosa bay.
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Fig. 10(b). Spatial distribution of maximum water level due to the 1946 Nankai earth-

quake tsunamis given by numerical simulation around the Kii strait.
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Fig. 10(c). Spatial distribution of maximum water level due to the 1946 Nankai earth-
quake tsunamis given by numerical simulation around Osaka bay.
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{a) Kochi Prefecture

Muroto Shishikui  Rsakawa Yuki TYachibana Tokushima
Bay

{b) Tokushima Prefecture

Pakayama  Shimotsu Gobo Tanabe Susami Kushimoto
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2 f. ........................................................................ T Cal.

Kobe Osaka fzumi lzumisano Kata Kaminada

(d} Osaka and Hyogo Prefectures

Comparison between numerical results and field observation data due to the
1946 Nankai earthquake tsunamis (the fault model proposed by Ando (1975)).
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Baoki Irino Saga Kure Usa Kishimote Murote

(@) Kochi Prefecture

Muroto Shishikui Asakawa Yuki Tachibana Tokushima
Bay

(b) Tokushima Prefecture

n

Wakayama Shimotsu Gobo Tanabe Susami Kushimoto
{c) Wakayama Prefecture

n

0
Kobe Osaka 1zumi fzumisano Kata Kaminada

(d) Osaka and Hyogo Prefectures

Fig. 12. Comparison between numerical results and field observation data due to the
1946 Nankai earthquake tsunamis (the fault model proposed by Ando (1982)).
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Fig. 13. Location of epicenter in numerical simulation.
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Spatial distribution of the minimum arrival time of tsunamis with the changes of
location of fault model around Tosa bay.
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Fig. 15-1. (continued.)
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Fig. 15-2. Spatial distribution of the minimum arrival time of tsunamis with the changes of
location of fault model around the Kii strait.
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Fig. 15-2. (continued.)
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Fig. 15-3. Spatial distribution of the minimum arrival time of tsunamis with the changes of
location of fault model around Osaka bay.
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Fig. 17-1. Spatial distribution of the maximum water level of tsunamis with the changes of

location of fault model around Tosa bay.
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Fig. 17-2. Spatial distribution of the maximum water level of tsunamis with the changes of
location of fault model around the Kii strait.
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Kochi

Fig. 18(a). Spatial distribution of the maximum water level of tsunamis around Tosa bay.
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Fig. 18 (b). Spatial distribution of the maximum water level of tsunamis around the Kii strait.
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Fig. 18(c). Spatial distribution of the maximum water level of tsunamis around Osaka bay.
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Fig. 19. Changes of the maximum water level with location of fault model.
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Table 3. Wave number with the maximum water level after getting the tsunamis.

Location of fault model Susaki o Asakawa Tanabe
1 4 1 11
2 4 1 3
3 5 1 3
4 1 1 3
5 1 5 3
6 1 2 5
7 1 2 6
8 1 2 6
9 1 2 3
1 1 1 7
12 4 1 10
13 1 1 3
14 1 1 3
15 5 5 3
16 1 2 6
17 1 2 6
18 1 2 6
19 1 3 6

o |~=—Susaki

~o— fisakawa

—+—Tanabe

Location of fault model
(a) Fault 1-9

Fig. 20. Changes of water level of the first tsunami with the changes
of location of fault model.
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Fig. 20. (continued.)
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Fig. 21 (a). Spatial distribution of the maximum water level (7m.x) at Tanabe bay.
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Fig. 21 (b).. Spatial distribution of the maximum velocity (umax) at Tanabe bay.
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Fig. 22. Spatial distribution of dangerous area (dark zone) with (u7)mex = 10.
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2, 1588 TH 3, Lich->T, BEBOREOLERIL, 158/41Ti1ck D 379% &5, o &I, FEM
2L IIREORT Y X713, iR (1946) OF4&230.12, HigkEE (194) OEAH0.04, &V
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PERECRE L 5411,
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L2y, BRICHAELIEAR,
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A (19929 A 30 HEE) T 350, RCHUTOEESBEE B LTVE ET 3 &, EiEh
RENCRIBL 72888113, 3263 ADSTRI4 3T &It B,

8.2 BROIBEFFMIC & 3HME

TR, BREOBRGEERBOMIBSH% Fig. 16 KX L, CORERAML THRECIEMEICL 3
TERBEFHEETT 5o FMHEWIcX 5E, KERBEBRBELOMICRTF oY —BRVI-EVS, Z0D
BUME%ETRd L Table 4 DL DD, T5E, ROIHIKETAENTES, THbb, ARKE
KL BHEDLND EEREHROBREDLNY EOMI, THoY—MBRIT 3 EIRET 5, &I
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LBRTDTH B, 1 v 7 Vvx y FORIREROREINENL LD T Fov—ck->THELLKZICL S
Y 27 DEEINIZE(L% Fig. 28 K& T,

Fig.16 & Fig.23 L 2AADE T, HUTOL 3 K BEOFEREIIC X 2BEREFMEIT 5. AL,

Table 4. Analogy of environment between natural disaster and infectious disease.

Environment of infectious disease

1) natural environment of climate, animal and plant

2) population and its distribution, social environment of population density
and social activity

3) physiological environment of human body

4) economic condition of agricultural products and marketing system

5) political environment of war and revolution

6) cultural environment of symptomatic treatment, knowledge and experience

Environment of natural disaster

1) natural environment of external force, topography and geology
2) population and its distribution, social environment of population density
and social capitals
3) socially pathological environment of human society
4) economic condition of wealth and information
5) political environment of war and revolution
6 ) cultural environment of knowledge, experience and wisdom for natural disaster
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Changes of risk to life with arrival time of tsunami around Tosa bay
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Changes of risk to life with arrival time of tsunami around the Kii strait.
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Table 5. Occurrence probability of tsunamis. (unit : %)
(a) Usa (e) Yuasa
t< 30 years | t< 40 years | t< 50 years | t< 60 years t< 30 years | t< 40 years | t< 50 years | t< 60 years
n21m 19.3 24.5 29.1 33.3 72 1m 19.3 24.5 29.1 33.3
7n=2m 19.3 24.5 29.1 33.3 nZ2m 19.3 24.5 29.1 33.3
72 3m 15.9 20.1 23.9 27.3 72 3m 17.4 22.0 26.1 29.9
n=4m 9.3 11.8 14.1 16.1 nZ4m 13.4 17.0 20.2 23.1
7= 5m 3.9 4.9 5.9 6.7 nZ5m 3.5 4.4 5.2 6.0
nz 6m 0 0 0 0 72 6m 0 0 0 0
(b) Aki (f) Tanabe
t< 30 years | t< 40 years | t< 50 years | < 60 years t< 30 years | t= 40 years | 2= 50 years | t< 60 years
72 1lm 19.3 24.5 29.1 33.3 n21m 19.3 24.5 29.1 33.3
72 2m 19.3 24.5 29.1 33.3 72 2m 17.3 21.9 26.0 29.8
nZ3m 15.9 20.1 23.9 27.3 72 3m 6.2 7.8 9.3 10.6
72 4m 8.6 10.9 12.9 14.8 n=4m 0 0 0 0
72 5m 6.3 8.0 9.5 10.9 7=5m 0 0 0 0
n26m 0 0 0 0 72 6m 0 0 0 0
(¢) Kannoura (g) Osaka
t< 30 years | t= 40 years | t= 50 years | t=< 60 years t< 30 years | t< 40 years | ¢< 50 years | t< 60 years
72 1m 19.3 24.5 29.1 33.3 n21m 19.0 24.1 28.6 32.7
72 2m 19.3 24.5 29.1 33.3 72 2m 9.6 12.2 14.5 16.6
n23m 10.6 13.5 16.0 18.3 72z 3m 0 0 0 0
7z 4m 7.1 9.0 10.7 12.2 7z 4m 0 0 0 0
7= 5m 7.1 9.0 10.7 12.2 7=5m ] 0 0 0
7= 6m 3.5 4.4 5.2 6.0 72 6m 0 0 0 0
(d) Mugi (h) Kobe
t< 30 years | t< 40 years | t< 50 years | < 60 years t< 30 years | 1< 40 years | 1< 50 years | t< 60 years
nzlm 19.3 24.5 29.1 33.3 nzlm 9.6 12.2 14.5 16.6
n22m 19.3 24.5 29.1 33.3 72 2m 0 0 0 0
7=3m 15.4 19.6 23.2 26.6 72 3m 0 0 0 0
n24m 13.4 17.0 20.2 23.1 7= 4m 0 0 0 0
7= 5m 9.6 12.2 14.5 16.6 72 5m 0 0 0 0
n=6m 6.2 7.8 9.3 10.6 7=z 6m 0 0 0 0
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