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Tsunami Risk Assessment
or Long-Term Prediction

Components of Risk are:

*Probable frequency of occurrence

Number of people (or facilities) exposed

Risk thus deals with
the cumulative impacts In an area




TTsunami Risk Assessment
Sshould include:

MMechanics” (Run-up and velocity)
HHuman (Life Safety)

EEconomics (Finances)
EEcology (Land, etc)

RISK = Run-up + Probability



LONG-TERM PREDICTION

(HOW OFTEN?)
TSUNAMIS are RARE EVENTS

Poisson statistics is one extreme type of distribution

b b

exp(—vt)
n!

n rare events will be during time T with probability P,

Here N is the MEAN frequency of appearance of rare

“fi - where we may take it?




PROGNOSTIC PROBABILITY

Probability that at least one event will take place

in this period is
1.0 —

P =1 - exp(-nt)




Exceedance (Cumulative) Frequency

EVENT is TSUNAMI with run-up height
exceeded R,

and N is cumulative frequency

From Statistics of Extremes (Gumbel)
is known

n ~ exp(-R) or n~R™M
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Cumulative Frequency — Runup Height

Tofino, Canada - 31 events for 1906-1976
Hilo, USA - 28 events for 1832-1964

But for most areas of the World

there are relative small samples
of numerical tsunami data
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-32

33°

The 1950 Israeli proclamation
that Jerusalem be the national
capital is not racognized by the
United States Gavernment.

Nahariyya

Mediterranean

GAZA STRIP
(1sraeki occupied-
statys to be determined)

Israel

24 events
in Mediterranean and Dead Seas
and Kinerret Lake
for whole history

Quantitative information
is available for tsunami
30 October 1759 only:
R=2-2.5m



National Geophysical Data Center (NGDC) /> Natural Hazards ‘

NOAA Satellites and Information

NOAA > NESDIS > NGDC > Natural Hazards comments | privacy policy

Tsun

A "-1" may be used as a flag value in some fields. For example, a "-1" in the Max Runup column indicates
View parameter descriptions and access statistical information by clicking on column headings.

For additional information about a tsunami event, click on the links in the Runups, SLIDES, SIG_EQ, Re

1750 3] MYANMAR (BURMA) BURMA COAST
1762 4 12 1 INDIAN OCEAN BAY OF BENGAL: NORTHERN EN
1770 1 SIG_EQ INDONESIA SW. SUMATRA
1797 2 10 1 INDONESIA SW. SUMATRA
1816 4 29 1 MALAYSIA PENANG ISLAND, MALACCA PEN
818 3 18 1 INDONESIA BENGKULU, SUMATRA
1833 11 24 3 SIG_EQ INDONESIA SW. SUMATRA
1837 9 1 INDONESIA BANDA ATIEH, INDONESIA
1842 11 11 3 INDIAN OCEAN BAY OF BENGAL: NORTHERN EN
1843 1 5 3 INDONESIA SW. SUMATRA
F KUTCH

1847 10 31 1 INDIA LITTLE NICOBAR ISLAND
L LT s a2 T TNOONESIA CICOLCA, SUMATIR =
1861 2 16 9 SIG_EQ INDONESIA SW. SUMATRA
1861 3 9 4 INDONESIA SW. SUMATRA
1861 4 26 1 INDONESIA SW. SUMATRA
1861 9 25 1 INDONESIA SW. SUMATRA
1863 3 16 0 INDONESIA JAVA, INDONESIA
1868 8 19 1 INDIA ANDAMAN ISLANDS
881 12 31 11 SIG_EQ INDIAN OCEAN BAY OF BENGAL: W OF CAR NIC
1882 1 1 SRI LANKA SRI LANKA

2 SIG_EmKATAU
1883 8 27 2 59 67 SIG_EQ INDONESIA KRAKATAU
1884 2 o INDONESIA KRAKATAU
1885 7 29 o INDONESIA AJERBANGIS, SUMATRA
1885 12 14 o INDONESIA BANDA ATIEH
1886 1 31 o INDONESIA KOETA RADJA (ATJEH)
1886 3] INDIAN OCEAN BAY OF BENGAL
eyt Y TNOONE TR JAVA'S. JAVA, INDONESIA
18% 10 10 1 INDONESIA SW. SUMATRA
1907 1 4 5 19 7 SIG_EQ INDONESIA SW. SUMATRA

India — 13 events

1908 2 6 1 INDONESIA SW. SUMATRA
1909 6 318 41 4] SIG_EQ INDONESIA SUMATRA
1914 6 2519 7 0 SIG_EQ INDONESIA INDONESIA
19172 121 4] SIG_EQ INDONESIA BALI SEA
1921 9 11 1] SIG_EQ INDONESIA S. JAVA SEA
1922 7 8 0 INDONESIA LHOKNGA, ACEH
1926 6 28 1] SIG_EQ INDONESIA SW. SUMATRA
1928 3 26 4] INDONESIA KRAKATAU
1930 3 17 3] INDONESIA JAVA-S. JAVA, INDONESIA
1930 6 19 1] INDONESIA JAVA-S. JAVA SEA
1930 7 19 4] INDONESIA S. JAVA SEA
1931 925 5 59 3] INDONESIA SW. SUMATRA
1935 12 28 2 35 4] SIG_EQ INDONESIA SW. SUMATRA
1936 8 23 21 12 3] SIG_EQ MALAYSIA MALAY PENINSULA
1941 6 26 11 52 > SIG_EQ INDIA ANDAMAN SEA, E. COAST INDIA
TRg—— v D T PN I S U —
1949 5 913 36 1] MALAYSIA MALAY PENINSULA
1955 5 17 14 49 1] MALAYSIA MALAY PENINSULA
1957 9 26 4] INDONESIA S. JAVA SEA
1958 4 22 1] INDONESIA SW. SUMATRA
1963 12 16 1] INDONESIA JAVA, INDONESIA
1964 4 2 1 11 4] SIG_EQ INDONESIA OFF NORTHWEST COAST OF INDONES
1967 4 12 3 SIG_EQ MALAYSIA MALAY PENINSULA
1981 12 31 0 INDIAN OCEAN BAY OF BENGAL
422 0 T =
1985 413 1 6 o SIG_EQ INDONESIA BALI ISLAND, INDONESIA
1994 2 1517 8 [s] SIG_EQ INDONESIA SOUTHERN SUMATRA

6 18

SIG_EQ INDIA SOUTH INDIAN OCEAN
SIG_EQ INDIA ANDAMAN ISLANDS, INDIA

o =

9 13

Return to Tsunami Event Database Search

NOAA>NESDIS>NGDC>Hazards questions: Paula Dunbar

[NGDC home] [disclaimers]
maintained by: Paula Dunbar
Last Modified on: Wednesday, 12-May-2004 08:07:32 MDT



What should we do?

1. To check RELIABILITY of data

* Location

* Source of tsunami

* Description
 Statistical reliability
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Geographical distribution of tsunamis in the World Ocean

The size of circles is proportional to the earthquake magnitude, density of gray tone — to the tsunami intensity

Gusiakov, 2005




Source of Tsunamis

Marseilles,
1Scm ?

‘ epicentre

414.0°




Russia,
Kurile Islands,

% .November 4,1952




Sainte-Rose,
Guadeloupe

Coral Reef Protection

(1 8 m) high,
H bout 3 miles

-to r&zrth in open sea”
1 867 Vlrgm Island Tsunami



Church on 10 m high

-

The 1867 tsunami.
“The habitants took refuge in the church”.
People had time to save due to negative precursor.

We do not believe in 18 m wave




Correlation with numerical simulations
(statistical reliability)

Zahibo,
Pelinovsky,

Yalciner,
etal, 2003







Road Town, Tortola, Virgin Islands
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St.John's, Antigua
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Distribution Functions of Tsunamis
(statistical reliability)
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Random Wave Paths .

H=KH,

or

logH = logK + logH_ "z -
K = HKi — random
I

amplification
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Distribution Functions of Tsunamis 1992-2000

1 ) 1 dH H /0
P(g) = exp| - —(logh)” | — =(:)
W B p( GO ))0 -=\7
1.0- H=10
%

Importance:
- to check data and

0.5- ;. : .
.. - to predict huge height
* Choi,
0.0 Pelinovsky,
000 001 010 100 1000 10000 100000 ¢ ¢ 2002



What should we do?

1. To check RELIABILITY of data

2. To generate tsunami at other locations

If tsunami modeling works,
why do not use it?



1867 Tsunami,
Caribbean
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Guadeloupe




Montserrat, 2003 July 12

Woodlands

Old Towne

Old Road Bay

[ Spanish Point

Tar River Valley

. Chances Peak & Hills ¥alea

White River Valley




Activity of Soufriere Hills Volcano has been high in 2003,
culminating in the collapse of a major dome and explosive
activity during 12-13 July 2003. This dome collapse

was the largest collapse to date at the Soufriere Hills
Volcano. The entire populated area of Montserrat was
impacted. Around 1.2 million tones of ash fell just in

the populated and cultivated areas of Montserrat with
maximum ash accumulation occurred in the area of

Old Towne (more than 15 cm). lithic fallout

and 70 g in weight).
lated with'large dome collapses
s (provided the dome collapse is
directed eastwards) is lithic fallout.




Low volume pyroclastic flows began at 09:30 (the first pyroclastic
flow reached the sea at 10:45) and continued until 18:30 12 July,
when they became larger and more energetic. Activity increased
»_from 18:30 to 23:35 12 July, when a sequence of very large

s yroclastlc flows (each greater than around 8-12 million m3)

iched the sea in the Spanish Point area. / ,,1 ber 0 >
took place during %lns. collapse, wflth

veen 23:00 and 24:00. Pyroclastic flow ac
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Pointe de la Grande Vigle

Porte d'Enfer
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Near River Mouth,
Overtopping

60 m upstream, where
| the boat was found
near the bridge




Pontoon of Malendure overflowed

[Porte d'Enfer

(46 cm above sea level) R YR
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S0, we may consider

the 1997 tsunami on Guadeloupe
as almost true tsunami

with height about 1m

and use it to estimate

tsunami frequency

for Guadeloupe,

but it was not reported!



What should we do?

1. To check RELIABILITY of data

2. To generate tsunami at other locations

3. Forecasting using real and computed events



Exceedance (Cumulative) Frequency

From Statistics of Extremes (Gumbel)

n ~ exp(-R) or n~R™M

Two-parameters from the dimension analysis

n=n, f(R/RO)

n, is N(R = 0) is a frequency of

tsunamigeneric events (earthquakes, etc)

It is common characteristics for several islands...



Two-parametric form of Cumulative Frequency

n=n, f(R/RO)

R, is mean value of runup height for given point
(function of seabed relief)

R, =KH,

K is coefficient transformation from source

H, is water displacement in the source



n=n, f(R/KH0

N, and H, —
slightly varied

K is varied strongly
and numerically
calculated




121
TABLE

100-YEARS FORECAST FOR THE LEVELS OF FLOODING OF THE SOVIET
PACTFIC COAST

Point Height Point Height
m m

the Komandorskiye Islands the Kunashir Island
Mednyi Isl. 2.5 Vil. Yuzhno-Kuril?’gk 4.5
Bering Isl. 8.0 Vil, Golovnino 205

Kamchatka Shikotan Island
Vil. Ust’-Kamchatsk 9.5 Vil., Mslokuril’skoye 7.0
Vil. Zhupanovo 8.0 Vil. Krabozavodsk T«0
Bay Morzhovaya 18.0 Bay Dimitrova 8.0
Cape Shipunskii 21.0 Bay Tserkovnaya 13.0
Cape Mayachnyi 11.0 Malaya Kuril’skaya Ridge
Petropavlovsk 25 the Polonsgkii Island 5.0
Cape Lopatka 175 the Zelyonyi Island T«0

the Shumshu Island the Tanfil’ev Island 3.5
Vil. Babushkino 9.0 the Yurii Island 3.5
Vil. Baikovo 17.0 Sakhalin

the Paramushir Island Kholmsk 1.0
Severo-Kuril’sk 18.0 Nevel’sk 1.0
Vasil’ev Cape 1.0 Korsakov 2.0

Sredniye Kuril Islands Pervomaisk 1.5
the Onekotan Island 12.0 Vil. Katangli 1.0
the Shiashkotan Island Primor’e

13.5 Vile. Ternei 1.0

the Matua Island 10.0 Vil. Rudnaya Pristan’ 1.5
the Simushir Island 8.5 Nakhodka 1.0

the Urup Island Vliadivostok 1.0
Cape Kastrikum 8.0 Vil. Pos’et 0.5
vil. Podgornoig 8.0
Cape Van-der Linda 17.0

) the Uturup Island . . .

Vil. Kuril’sk 1.0 (Go, Kaistrenko, Pelinovsky, Simonov, 1988)
Vil. Sentyabr’skii 10.5
Vil. Burevestnik Te5



Tsunami Forecasting for 100 years
n=n, f(R/KH )
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Kurile Islands Height, m
prediction measured
Eypesectank (v, Mrypyn) R '5 256 )

I0scuo-Kypuatck fo. Kynawun} 45 35
TConosuEHO f0. KyHanmp) 29 1.5
Manokypurasckoe {o, lluiorax) 7.0 3.0

__ 6. Bumutpona (o, Ulkhkoran) 80 <——» 95
6. IlcpkonHasn {o. lnkoTan). 13,0 | 79
0. IOpnf[ — 310 —<;|_> 3_:§
| 0. 3esyeHHi o 7.0 ‘ 1.5

| o, Ilonoackorg 5.0 40

1994 tsunami did not exceed predicted for 100 years

Tsunami Risk Map — effective for 80%



This approach is
effective,

but
NOT universal method,
if NO enough data...



Choi, Pelinovsky, 1999-2005

Earthquakes
in Korea
with M > 7.0

.~ NO TSUNAMI

1

DG

" LOCAL
TSUNAMIS




June 26, 1681 at Yijo Sillok,
tsunami affected Yangyang
(“sea water rush up
like boiled water”)
and Gangweon-do
(“sea water regressed and
e = sea bottom appeared in

i X the length of over 100 steps

Lo ' . at one place, and 50 to 60 steps
at another places”)

’ ——

¥ 5180 ~ July 25, 1643
mﬁki% 1681 | . .
21(7.0)

AN - tsunami recorded 7 km east
from Ulsan, “water surface

violently moved like

a boiled water, and it swells

had come from the open sea,

sea bottom can be appeared”



8 tsunamis
arrived from
the Yellow sea
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Korean Peninsula

11 tsunamis
from Japan

1. Gangwon-Do (1/12 1580)
2. Gangwon-Do (5/12 1681)
3. Gangwon-Do (27/05 1681)
4. Gyeongsang-Do (31/07 1636)
5. Gyeongsang-Do (25/07 1643)
6 M =6.9 August 1741
7. 2/06 1940 Mukho (H=1.2 m)
and Ulleung Island (2 m)
8. 16/06 1964 Pusan (14 cm)
b g AW 9. 26/05 1983 Imwon (6.5 m)
S o 10 210671983

11. 12/07 1993 Bugu (2.5 m)

Sea
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Tsunami Heights

M ay 2 6 1 9 8 3 Name of Points ;[;;tg;;
) L. Samchuk Port 3.54
. . 2. Geundule 3.89
128 l\'Ei[)'E 130 l00'E 30 3. Namapo 158
4. GungchunBeach 1.16
" I Sl 5. Gungchun L.47
*ox 6. Chogok L.61
— 4 7. Yonghwa Beachl 1.14
| * 8. Yonhwa Port 2.00
* 9. Jangho Port 1.57
: it . * 10. Galnam Port 1.30
7 L1. Shinnam Port 1.65
-----,--;---.* 12. Imwon Port 6.4
" * . l4. Nogok Port 2.54
—* - 37 00'N
15. Jakjin Port 2.34
0.0 2.0 4.0 6.0 16. Hosan Port 1.72
(m) 17. Nagok Beach 2.85
L%. Bugu Port 2.37
1. Chukbyun Port | 1.91
20. Onyang Port 2.20
21. Eubpnam Port 2.36




July 12, 1993

128°30E  129°00'E  129°30E 130" 00E 130" 30'E  131° OO'E Tsunami hEightS
Name of points Height (meter)
FSON 1. Geojin Port 0.81
2. Ayajin Port 1.39
3. Sajin Port 2.22
4. Sockcho 0.91
FOON 5. Daepo Port 1.63
6. Osan Port 1.26
7. Susan Port 1.85
] 8. Gisamun 2.26
SON 9. Namae Port 1.26
10. Jumunjin Port 1.46
11. Sachunjin Port 1.46
- oo | 12. Gangmun 1.87
13. Jungdongjin 2.01
14. Gumjin Port 1.17
15. Mukho Port 1.99
— 16. Donghae Port 1.76
17. Chuam Beach 1.77
18. Samchuk Port 1.86
19. Jangho Port 1.41
« 0O'N 20. Imwon Port 2.39
21. Hosan Port 1.38
22. Bugu 2.57
23. Junkbyun Port 1.43




WRIERAGE: - WE TR EE
F64E 1%L pp. 117—125, 19944 3H

Prof. B.H.Choi — Teqm Leader

HA JuidslE BEvasl Mol K3 MBS HEFE
Tsunami Runup.Survey at East Coast of Korea due to the
1993 Southwest of the Hokkaido Earthquake
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Numerical Simulation is important for:

 To calculate tsunami heights from known tsunamis
at points where no data (objectively or subjectively)

 To calculate tsunami heights from hypothetic
earthquakes (synthetic catalogue)

Developed model have to be tested on historical data
and it is why field surveys are organized



Tsunami Catalogue for Korean Eastern Coast

should include:
1. Two nearest tsunamis (1643 and 1681)

2. Eleven distant tsunamis
(1580-1741 and 1940-1993)

No good information of events before 20th century

We will consider events of 20th century
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Earthquake mg
of Japan
for 1926-1993
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28 events,
including _
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Epicenters of
hypothetical

Fault parameters for hypothetic earthquakes

N Length | Dislocation Width Slip angle Strike Dip angle
130°E 135°E 140°E (Km) (m) (Km) ( ° ) ( 0 ) ( i )

1 45 23 25 100 110 45
o 2 140 5.0 50 90 23 35

3 100 4.1 50 90 105 45

4 70 2.0 20 75 23 45

5 70 3.2 40 90 15 20

6 60 1.9 20 90 190 55
AN 7 100 5.35 35 920 347 40

8 80 7.81 30 90 189 56

9 40 7.6 30 90 22 40

60 3.05 30 80 355 25

10 100 3.7 50 84 1 24

40°N 1
° °
28 events, including 4 real events

35°N -

Synthetic Catalogue



Shakotan—oki earthquake(1940) Nigata earthquake(1964)
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Protection of Donghan Bay
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Protection of Chungjin Bay
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For each point — series contained 28 values of wave heights

It characterizes by H and H_

mean

H is stable 57

mean

approximation, coefficient 6

to variation of
earthquake
parameters

H_ .. 1s unstable

Thus, upper limit
of tsunami height

Max(H)=6H
is stable

mean
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Rel. Wave Height (H/Hmax)
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Large Deviation:
Event Numbers?

Increase of Event Number
- leads to increase of H_ .

1 Classical Problem of
| Freak Waves Phenomenon

But Increase of Event Number
Corresponds to Long History (>1000 years?)



22 supercarriers were lost for 1968-1994 (Deaths:525)

Norse Variant Anita Christinaki || Marina di Equa || Tito Campanella Artemis
March 1973 March 1973 | | Feb 1994 December 1981 H January 1984 Dec 1980
Deaths: 29 Deaths: 32 Deaths: 28 Deaths: 20 Deaths: 27 Deaths: 0
]
Silvia Ossa \ T \ / AT Sandalion
October 1976 AT Nov 1980
Deaths: 37 y De?thS: 0
Skipper 1 Antonis Demades
April 1987 February 1970
Deaths: 0 Deaths: 0
Mezada g Antparos
March 1991 The World Jan 1981
Deaths: 24 N CAER Deaths: 31
- 30°W 0° 30°E 60° 907 I

Alborada L L . Bolivar Maru
J /| Testarossa Rhodain Sailor Golden Pine

llly 1984 January 1981 January 1969
Deaths: 30 March 1973 | | December 1982 Deaths. 25 Deaths: 31

Deaths: 30 Deaths: 5 :

Arctic Career Chandragupta Derbyshire Dinav Onomichi Maru

June 1985 January 1978 December 1980 Dec 1980 December 1980

Deaths: 28 Deaths: 69 Deaths: 44 Deaths: 35 | | Deaths: 0
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Wind wave field
has narrow spectrum

1
S for H=2H;, P=0.000336
=
‘:; One wave from 3000 waves
‘; is a freak wave!
()
.5 Wave Period ~ 10 s,
e
= Freak wave — each 10 hr!
=
But who knows
extreme statistics?
0 : : =
0 1 :

wave height, H/H
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Rayleigh statistics
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L, Large Deviation:

coalst Source Features?

L . Regional Features?
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non-visible|wave traces

X along shore coordinate
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H decreases with increase X

mean



For each point — series contained wave heights

It characterizes by H and H_

mean
H is stable 57

mean

approximation, coefficient 6

to variation of
earthquake ]
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wave
height

1N

non-visible|wave traces

X along shore coordinate
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1.Coastal Length should be bounded
2.Wave Heights should exceed H_ .-
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This procedure is similar to
significant wave conception
in wind wave field, Hs

Hs is mean value of 1/3 highest waves

Our suggestion is to find
mean value of 2/3 highest waves

H,, = Average {(1/3 - 1)H

max}
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Forecasting of Tsunami for Each Location

Hprognostic = 2.5 Hts

How to find H,.?

From Synthetic Catalogue contained:
1. Historical Data

2. Possible seismic events

3. Possible other (landslide?) events




Epicenters of Fault parameters for hypothetic earthquakes

hypothetical

N Length | Dislocation Width Slip angle Strike Dip angle
(Km) (m) (Km) C ) C ) ( )

1 45 23 25 100 110 45
2 140 5.0 50 90 23 35
3 100 4.1 50 90 105 45
4 70 2.0 20 75 23 45
5 70 3.2 40 90 15 20
6 60 1.9 20 90 190 55
7 100 5.35 35 920 347 40
8 80 7.81 30 90 189 56
9 40 7.6 30 90 22 40
60 3.05 30 80 355 25
10 100 3.7 50 84 1 24

© 28 events, including 4 real events

Synthetic Catalogue for Korea

Of course, it is not completed...



Prediction for Korea ¢ Pelinovshy, 2005

Hm (H . m H ., m | 1983 1993

(sea) (sea) (sea) runup |runup
Sokcho [0.4 0.7 0.9 0.9
Mukho |0.8 1.5 2.1 2
Imwon 0.8 1.2 2 6.4 2.4
Samchuk | (0.7 1.1 1.8 3.5 1.9




Long Wave Runup on Plane Beach
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Prediction for Korea

H) .o |Runup H, ., m 1983 1993
m Ratio |Runup |runup |runup
(sea)
Sokcho 0.9 4 3.6 0.9
Mukho |2.1 4 8.4 2
Imwon |2 4 3 6.4 2.4
Samchuk | 1.8 4 7.2 3.5 1.9




What we know about Caribbean?
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eodynamics of Caribbean
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Volcano in Caribbean

West Indies — Caribbean Vlcmlty
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Tsunamls in Carlbbean (1498-2000)
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Transatlantic Tsunami, November 1, 1755
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“the lowlands on most of the other French Islands were inundated”

Lisbon earthquake
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1902, May 8
' Mont Pele

mﬁ

There was a devastating eruption of
Mont Pele, Martinique, which sent a nuée
Ardente into St. Pierre, killing about
30,000 inhabitants.

The fall of lava into the sea had pushed
all the water out to the open ocean, as
if trying to topple the harbour into

the Atlantic a league away.
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P.Heinrich et al, 1999




Tsunami Generation
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Pyroclastic Flow
12-13 July 2003
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Tar River Valley after July 12, 2003
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Tsunami Traces

4 m high,
100-200 m inland




November 21, 2004. M = 6.3, depth 14 km
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Guadeloupe, 37 km from epicenter
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November 21, 2004
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Prognostic simulation for Caribbean
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Distributions from various sources
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Low Risk Zones
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Synthetic Catalogue leads to:

1. Tsunami Risk Zoning

2. Rough Prognostic Heights

3. Occurrence Frequency (ot atways)

Positive Examples:
Korea, Russia, Caribbean Sea

Tsunami Potential is evaluated also
for USA and Japan




Tsunami Risk Evaluation:

1. Analysis of historic tsunamis
2. Analysis of possible tsunami sources
3. Simulation of past and prognostic events

Final Product:

Water level and velocity with occurrence probability,
or “maximal” maximum of water level and velocity,
or probable water level and velocity

Mitigation:
evacuation maps and tsunami protection




