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THE NEED FOR WISDOM

SUMATRA 2004

HO + 01:30

THAILAND INDIA
8000 deaths
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31000 deaths 300 deaths




THE EARTHQUAKE OCCURRED WHERE
A MEGA-EVENT ~ WAS NOT EXPECTED

The 2004[and 2005]Sumatra earthquake][s] violated
the concept of a

maximum expectable

subduction earthquake controlled by

plate ageandconvergence rate
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Modern parameters> 55 Ma; 5cm/yr
Wauld predict Maximum8.0-8.2 not= 9...



CONVERGENCE RATE mm/yr

Could we gt WISER?

UPDATING THE RUFF-KANAMORI DIAGRAM

Over the past 25 years... - We haveobtained new rates

Examples: South ChileO mm/yrvs.111  Tona@ (20°S): 185mm/yrvs.89
South Peru67 mm/yrvs.100  Vanuatu:103mm/yrvs.27

RUFF AND KANAMORI 1980 RUFF AND KANAMORI 1980
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UPDATING THE RUFF-KANAMORI DIAGRAM (ctd.)

Over the past 25 years... —  We have"discovered” ne earthquakes

- We haverevised the size ExamplesSumatra 2004 !
of historical earthquakes Cascadia, 1700

Example: 1906 Colombia-Ecuador:
Mg = 6 x 10°° dyn-cm  vs. 2 x 107
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Figure A-1
Comparison of the Love wavetrains G, of the 1906 and 1979 Ecuador-Colombia earthquakes, as H : :
recorded on the NS component of the Uppsala Wiechert. The records are plotted on the same scale, with em b arrassin g Iy SO ! In su bd u Ctl on zones su p posed I
the abcissz offset so as to align the G, wavetrains, thus allowing a direct comparison of their relative " "
sizes. Note that while the 1906 earthquake is undoubtedly the larger of the two, it cannot have a moment Safe frO mm eg a-eve ntS '
10 times larger than the 1979 event.




USING NEW RATES, AGES & MAGNITUDES

RUFF AND KANAMORI 1980
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Looks good,

Another Sugestion  [from D. Scholl]
In the Quest for WISDOM ?

“PALEOSEISMIC EVENT
OF 1700
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Looks good, but
easy to find
counterexamples

South Peru: 1868
M, =9.2
no sediments...

No. Chile Based on 1927
BUT 1877 ?

Makran
6000 m of sediment
Max KNOWN M,, =8

Another Sugestion  [from D. Scholl]
In the Quest for WISDOM ?

MAKRAN * PALEOSEISMIC EVENT
60000———»? OF 1700
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HARSH LESSON in TECTONICS from SUMATRA EVENT

Mega-earthquakes DO occur in unsuspected areas !
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So, havewe become...
Humbler : CERTAINLY

Wiser : ?27?77?

We sill have not devised the bettel

IN THE MEAN TIME, WE SHOULD CONSIDER
ALL LONG SUBDUCTION ZONES
AS POTENTIALY MEGA-GENIC



THE QUEST FOR A BETTER

One idea would be to throout of the Kanamori-Riifdiagram all
the contribution oRates keeping onlyAges.

This approab grongly sugests that
MEGA EVENTS EXIST ONLUN YOUNG PLATES

Maximum moment could begn by

10919 Mg]max = 31+ 0.03* (50— A)
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THE QUEST FOR A BETTER

— Another interpretation of the same dataset could be that

MEGA EVENTS (M, > 10?° dyn*cm)
ARE LIMITED © AGES LESS THANS5 Ma
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-  This sugests a kind of "wilting" ge Pbr the oceanic lithospher
which after 85 Ma, cannofpro—]create Mega-Earthquakes.

e P& avan AtBomavon ?

. It is remarkable that this age (85 Ma) is also that beyond which th
simple half-space thermal model no longer applies.



W Phase

W & In... Whisky

[Kanamori et al. 2008]

WISDOM

A +

*** Dean’s List ***

Geophysical
Research
Letters

Nicaragua (9/2/1992, Mw=7.6)
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DEVELOPMENTS SINCE 2004

« Mary meetings, committees, symposia, workshops, etc.
b el
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NOTE: A remarkable number of individuals self-appointed themselves a
“Tsunami Experts" on 27 or 28 December 2004...

e Tsunami courses

Given, mostly under UNESCO fundirtg reseachers and front-line
technicians from developing countries

The Qostende course of June 2006
| T— .

Australia, lnd onesia, India, Ma d agascar, Omarn, Maurtius, Sc ychcll , Germany, Kenya, Tanzania, Grc coe,
Thailand, 8n Lanka, Somalia, Pa kjstznznd] apan.

Workshop on

Pﬁ@‘mmedﬂess and Awareness of V[,

Tsunami Hazards

The Tehran course of May 201§ 1-5 may 2010

[ranian National Center for Oceanography
e



POST-SUMATRA: EXPANDING WARNING CENTERS

Immediately(Early 2005)

PTWC chartered to eer Indian Ocean @
ATWC given responsibility @er Caribeean

Australia establishes Tsunami Warning Cente

Seismology detection at G.A. (Canberra)
Real-time Simulation at B.M. (Melbourne)

\
Operational, Late 2007Cost: AUD 70 million

Indian Ocean
Nations keep meeting and discussing Regional Center

' Mediterranean and Atlantic Ocean

Nations keep meeting and discussing Regional Cen DOSSEEPE;

BOLTZMANN
18341906

—

2009: France embarks on building a §
Warning Center for NE Atlantic
and Westen M editerranean;
Operational=2012

4 ‘vl‘

Création d’'un Centre d’alerte aux tsunamis

pour I'Atlantique nord-est et la Méditerranée
occidentale
9 octobre 2009



$$% = WISDOM ??

TSUNAMI WARNING AND EDUCATION ACT

Public Law 109-424
109th Congress
An Act

To authorize and strengthen the tsunami detection, forecast, warning, and mitigation
M program of the National Oceanic and Atmospheric Administration, to be carried
[H.R. 1674] out by the National Weather Service, and for other purposes.

Be it enacted by the Senate and House of Representatives of

Tsunami the United States of America in Congress assembled,
Warning and
Education Act. SECTION 1. SHORT TITLE.

igt(ej.sc _— This Act may be cited as the “T'sunami Warning and Education

Act”.

SEC. 8. AUTHORIZATION OF APPROPRIATIONS.

There are authorized to be appropriated to the Administrator
to carry out this Act—
(1) $25,000,000 for fiscal year 2008, of which—

(A) not less than 27 percent of the amount appropriated
shall be for the tsunami hazard mitigation program under
section 5; and

(B) not less than 8 percent of the amount appropriated
shall be for the tsunami research program under section

6;
(2) $26,000,000 for fiscal year 2009, of which—

A) not less than 27 percent of the amount appropriated
shall be for the tsunami hazard mitigation program under
section 5; and

(B) not less than 8 percent of the amount appropriated
shall be for the tsunami research program under section

6;
(3) $27,000,000 for fiscal year 2010, of which—

(A) not less than 27 percent of the amount appropriated
shall be for the tsunami hazard mitigation program under
section 5; and

(B) not less than 8 percent of the amount appropriated
shall be for the tsunami research program under section

6;
(4) $28,000,000 for fiscal year 2011, of which—

(A) not less than 27 percent of the amount appropriated
shall be for the tsunami hazard mitigation program under
section 5; and

(B) not less than 8 percent of the amount appropriated
ghalldbe for the tsunami research program under section

; an
(5) $29,000,000 for fiscal year 2012, of which—

(A) not less than 27 percent of the amount appropriated
shall be for the tsunami hazard mitigation program under
section 5; and

(B) not less than 8 percent of the amount appropriated
shall be for the tsunami research program under section

Approved December 20, 2006.

Total Appr opriation: $135 million over 5 years



DEVELOPMENTS SINCE 2004 (ctd.)

Funded by PL 109-424: Enhancement of OABUoy Network
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Note: Maintenance Issues

— During 2010 Chile eventritical buoys
(and maegaphs) wereout of commission

Other systems deployed, maof them International

Seismic networks
DART clones
GPS networks



ON THE ROAD TO WISDOM.... TSUNAMI DRILLS
Crescent CityCalifornia, 24March 2010

[1300 people responded out of geral thousand....

» Excellent response from aaEnforcement,
Civil Defense SCHOOLS

A

TSUNAMI DRILL IS TODAY

* Inertia from people in position of
private responsibility(e.g, Motel Manager)




POST-SUMATRA TSUNAMIS

Have V¢ Become Wiser ?

We mw examine significant tsunamis since 2004, from the stand-
point of the performance of the warning centers, and of the response
of the populations at risk.

In this contet, we assign to eaclvent acolor—codedreport card,
from (Excellent) and Green (Very good) through
(Good), (Average), Orange (Mediocre), toRed (Bad) and
Black (Disastrous).

The report card is not directly a function of the death toll in the
tsunami, but rathereflects on the various components of its maHig
tion.
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NIAS (Sumatra), 28 MAR 2003 Mg =

Wauld be Lagest Event since 1965 Rat Island, but for 2004 Susretithquale...

1.0x 10?° dyn*cm

28-MAR-2005 (SUMATRA-II) EAR THQUAKE PREDICTED ON THE B ASIS

of STRESS TRANSFER hy McCLOSKEY et al. [Natu

@® Before 28-MAR-2005 ©  After 28-MAR-2005 °

99" 92° 94° 96° 98° 100° 102° 104° 90° 92° 94° 96° 98° 100" 102° 104
i

90° 92° 94° 96° 98° 100° 102° 104° 90° 92° 94° 96° 98° 100° 102° 104°

In the far field, gneral warning issued throughout Indian
Ocean Basin, followed by [night-timeYyacuation.

At least 10 people killed in Sri Lanka and 6 in
Madagascar during evacution

YET NO DETECTABLE FAR-FIELD TSUMNI... WHY?

re 17 MAR 2005].

Local tsunami with significant damage
andrun-upto 8 m

Only 8 local fatalities

Residents were
* Educated through ancestral tradition (SMON
* Sensitized to tsunami by 2004 Suraatvent

* [ Temporarily] relocated to higher
ground following Sumatra disaster



WHY NO FAR-FIELD TSUNAMI on 28-MAR-2005 ?

Source area has much shallower bathymetryncluding large islands
Greens Law[1837]: Amplitude Faltes when Tansitioning to Deep Water.
Compare smulations
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JAVA, 17-JUL-2006
Mg = 4. 6x 10°" dyn*cm Slow event® = —6. 13 ‘

Typical "Tsunami Earthquake=- 700 killed by tsunami
Carbon copy of 1994 event, 600 km to the East

ts

T.E. : Event whose tsunami is stronger than suggested by
seismic magnitude&anamori,1972].

L |
YOGYAKARTA w
26 MAY 2006 .-
O ;,

Bengkulu
%\SJ
&

24

T
Q
2
27 SEP 1937 @

-10° -10°
17 JUL' 2006 02 JUN 1994 19 AUG 1977~
12° 12°
11 SEP 1921

-14° I -14°
Tsunami Tsunami
! Earthquake Earthquake

-16° — — — — — — — — — -16°

102° 104° 106° 108° 110° 112° 114° 116° 118° 120° 122°

This event suggests that'tsunami earthquads" could feature
a regional character.

Question:Does this exclude the KERESEERNG IS
danger of a subduction mega- g
thrust earthquake in Java?

* W hat is the role of the 1921
shock (contrary to the T.E.s,
strongly felt, but with
benign tsunami)?




17-JUL-2006 JAVA TSUNAMI
Warning and Arrival Timeline (GMT)

08:19 Ho
08:20 BMG (Indonesia):Notes"non-typical earthquake"

08:36 PTWC : Watch for Indonesia and Australia

"EVALUATION

A DESTRUCTIVE WIDESPREAD TSUNAMI THREAT
DOES NO EXIST BASED ON HISTORICAL
EARTHQUAKE AND TSUNAMI DATA. "

08:40 Tsunami arrives at Pangandaraecond wae reaches 5 m
08:46 JMA : Tsunami watch for all Sunda Islands

08:49 - 09:14 Tsunami reaches all Southern coast of Java
Run-up to 21 m;700 casualties

VERDICT:

Despite Recognition of anomalous character by
BMG and history of "Tsunami Earthquakin the
region in 1994no Warning issued !

No data available from Ne Networks
(Seismic and GPS)...




SIMUSHIR (Central Kuril Is.) = 15 NOVEMBER 2006
l.. Mg =3.5x10 dyn*cm

01-May-1915 -,

@)

: O
1% ¢

S
2~ 15-Nov-2006

Pacific Ccean

141° 144° 147° 150° 153° 156° 159°

Shiashkotan

*

&
Matua™ 41 May-1915

Y

O

/ 15-Nov-2006

Simushir

’k 13-Jan-2007

km *
100

152° 153° 154° 155°

O

First large earthquake in the Central Kurils since 1915.

*" The event is noslow, but may beddayed (as forPeru, 2001).

Local effects surveyed in Summer, 2007.

Matua |.

(12 km long)

Run-up reaches 10 m i
Simushir (Dushnaya Bay
and up to15-20 m on
Matua.

The latter figures ar
higher than expected, ar
could result from loca
topograply (bays, cliffs) or
localized lanslides.

are presently unpopulatec

Fortunately these islands

}

(even by bears...).

[courtesy J Bourgeois andM. Nikula, U. Wash.]

Tsunami watermarks
on Matua




2006 KURIL TSUNAMI DID SIGNIFICANT DAMAGE
in CRESCENT CITY, California

e Harbor struck 8.5 hours after 60° Mooy
seismic O.T.

« Damage up to US$ 9 million. I

e Wave height reached 1.7 m (pk-to-s0°
pk) on local tide gauge

D = 6300 (+) km

« Damage resulting from (i) beaming r
of some tsunami engy towards 15-Nov-2006 Crescent City
Northern California; (ii) non-linear e e

amplification by bay and harbor. 150 165 180 195 210 225 240
Cr:ascent Qity, Kur_ll Island_s, 2006,_41.745_°N, 235.815°E
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[Uslu, 2007]

Docks H, G, F
severely damaged




15-NOV-2006 KURIL Is. TSUNAMI
Warning and Arrival Timeline (GMT)

11:14 Hy
11:30 PTWC : Warning for Russia and Japan
11:31 ATWC: No warning for US West Coast

12:13 ATWC : Tsunami watch for Alaska
Repeats No Watch of Warning for US West Coast

12:14 PTWC :Tsunami watch for Pacific Basin

12:46 to 14:09ATWC: Repeats No watch or Warning for US West Coast
14:41 ATWC : Tsunami watch canceled for Alaska

14:58PTWC :Tsunami watch canceled for Pacific Basin

17:20 Tsunami arrives in Hawaiii;
Minor local damage; one swimmer hurt

19:35Tsunami arrives in Crescent Ci
21:30Largest waves hit Crescent Cit

Severe damage to
Small Boat Harbor

VERDICT:



SOLOMON Is., 01-APR-2007

| The Miracle ? |
Mo = 1. 6x 10°® dyn*cm

ﬁ \-so

». ,01-Apr- 2007

[Fritz & Kalligeris, 2007]
Local Tsunami, resulting in significant damage on several islafids -1o°

I

— —
152° 154° 156° 158° 160°

More than 6000 houses destroyé€hly 52 dead or missing

The community apparently had the reflex@dlf-Evacuation

(probably conditioned by the memory of strong waves
during a volcano-seismic swarm in the 1950s ?)

NOTE SIMILAR RESUL TS on 03-JAN-2010 ‘




PISCO, Peru, 15AUG 2007, My = 1.1x 10 dyn*cm

« Damaging Earthquake, which destroyed the city of Pisco (514 dead)
* Yet, much smaller than previougeats in Central Peru (1687, 1746)
e Significant local tsunami with run-up of 5 m, locally 8-10 m

 Most shore locations successfully v@acuated through community-
based program using "segeants" directing residents to shelters
built out of harm’ s way.

280° 282° 284° 286° 288° 290°

« EXCEPT....

NOTE: in Lagunilla (Southern coast
The2007 went [partiallyl, |- of Paracas Peninsula),

A

-14°|

the 1868 event and .
the 1687 eent [probably] where tsunami ran up to 10 m

jumped [into] . .
the Nazca Ridge... peneFratmg 1 km inland
andkilling 3 people.

[Fritz et al.,2008]

i + GP3 nundlonlmck
B Boat washed |n|a.nd

. Funup height
B Tsunami height
= Flooded terrain clev,

Q )
)
)
)
|
18°
’
‘
)

f

-70°

This omission in an otherwise successful program is unexplained and unacceptable.



12 SEP 2007 BENGKULU (1) é

M, = 6. 7x 10°® dyn*cm

[Then] Third-largest event ever in the Global CMT catalogue
[after Sumatra 2004 and Nias 2005]

Yet, ¢ Relatvely low death toll (25 killed by earthquake
* Relatvely small tsunami

Recorded on maregraph at maximum 1 m in Padar
15 cm on Cocos Islands (1100 km)
Negligible elsewhere

Tsunami damage contained in near field

NO TSUNAMI| DEAHS ...

Event Earns a Gold Star !




BENGKULU, 12 SEP 2007/ SURVEY HIGHLIGHTS ><}>

LAIS

~2.0m, 80 m inundation

Tsunami Flow

: , Large debris scattered
- Direction

across beach and into
forest

| South of _
AIR RAMI

Paost- Tsunami Suivey revals that

POPULATION SELF-EXCUATED
UPON
FEELING EARTH@AKE,

thus preventing CASUALTIES despite
significant damage by tsunami

WILL POPULATION BE AS WISE
IN NEXT (BIG RADANG) EVENT?? Event Earns a Gold Star !




12 SEP 2007; Bengkulu (1)

REAL-TIME SIMULATION and CUST OMIZED WARNING
(Emile A. Okal)

Based on an early estimateM§ (using thelmpr oved M, mantle
magnitude algorithm), a tsunami simulation was performed in real-
time, and the attached map of maximum expectable amplitude ol
the high seas forwarded to .BZhris J. Hartnady (Umvoto, Cape
Town), who forwarded it to local S.A. civil defense authorities.
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N E————— e

I
-30 20 -10 0 1 20 30 40 50 &0 7 30 S0 100 110 120

003 010 020 030 040 050 100 200 3JFO00 300
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It was receved in South Africa at 16:18 GMT (18:18 local
time), 4.5 hours befoe the tsunami reached Port Elizabeth.



SAMOA, 29SEP 2009

Mo = 1. 8x 10°® dyn*cm

* First tsunami to cause substantial
damage and m&ndeaths(34) on U.S.
soil (American Samoa) 5 years.

29 SEP 2009

e Outer Rise Normal &ulting Ewent
with probable predecessor in 1917.

» $200 million damage (est.)

) _ 180° 185° 190°
« 189 total deathan Samoa, American Samoa, Tonga.

187° 00' 187° 30’ 188° 00’ 188° 30’ 189° 00' 189° 30’
J

o
o

km

— — —

0 50

Tsunami Deaths: 146

-173° -172.5° -172° -171.5° -171° -170.5°
|
Epicenter 250 km to the Scl)uth
Population: 179,000 . 60,000
|

Area: Saai'i: 1708 km? Upolu: 1125km? Tutuila: 200 km?



SAMOA, 2009: Survg Results in American Samoa

_ Poloa
 Run-upto 17min Poloa

* North Coast bays significantly affected (run-up to 12 m) |
« Pago Pago harbor amplifiedawes (run-up to 9 m)

& Pago Pago

1 |

s Only f . %
“y s —— UAKE, 60

34 fatalltles Vg : #’é%ﬁéi%’.aﬁﬁi‘é'ﬁmmu

AGA'I LAVELEELENMALULUGA o0

Thanks to :
* Signhage Program
* Self — Evacuation
*  Community—based Evacuation
PopulationeducatedandWedl prepared




SAMOA, 2009: Survg Results in Samoa (Upolu)

Flow Depth Run - Up
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DEVASTATION AT LALOMANU

Run-up reached 11.4 meters, and inundation 250 r

* Run-up tol4.4 min Lepa

* Two villages eradicated

* North Coast
(with Capital, Apia)
largely spared

Note indivifdal '(J.('i.vBo'rref(‘)) giving scale
|

The village was totally eradicated, wiih fatalities

e Higher Death Toll (146) than on Tutuila



SAMOA 2009: Evacuation on UPOLU

 The population of Upolu as reasonably
aware of the tsunami dangedespite the lack
of ancestral memaory.

|y ASE OF EA MHIURE G

o Evacuation drills had been conducted at s G0 D
a number otillages, but noterywhere. a1 LWELEELETMUISEA o

* No sign@e pogram on Upolu

 In svaal areas, wwcuation was hampered
(with respect to Tutuila) by the need tovela
longer distances, due to flatter terrain.

e Congestion trapped geral victims in their

cars.
| DRIVE « The recent road switcoould have instilled in

the population the unfortunate peption of
vehicles as a panacea to natural hazards.



Run-up to 22 m on Tafahi

SAMOA 2009: Results from Northern Tongg

« Wave height to 16 m on East and South
Beaches, Niuatoputgpu

Trees poven inefficient as tsunami barrier

Most residents selfvacuated upon feeling the
earthquakeBUT...

Seven out of nine victims in pick-up truck
driving parallel to coastline




NORTHERN SOURCE

MAULE, Chile, 27FEB 2010 Q 'l' il
W e

"

More than 200 victims killed by tsunami in Concépcand Constiucion.

Majority of population along Chilean coast self-gacuated, but
Many trapped camping on island in Rio Maule

What could have been done bettéMéte middle of the night

. . . . MAULE 27 FEB 2010
— No local warning while tsunami took 34 minutes to reach Valparal :

/o
Juan Fernandez Islands — at least 16 killed or missingRun-up &
to 15 m. 54‘ -
Propagation time 11 hour
No warning whatsoeer

Transoceanic simulations largely correct, showing tsunami lobe
between Hwaii and Tahiti, and accurately forecasting deegtew
amplitudes (20 to 30 cm).

Evacuations erred on side of caution, but largely succesRfuh-up
to 4 m in the Marquesas; no victims; only one boat sunk

Lack of coordination between PMEL and PTWC
Conflicting reports from PTWC and ATWC
Several ocean sensors down

Erratic response in California

Bottom line: YELLOW C T W o .

0.05 0.10 0.20 0.30 0.40 050 1.00 2.00 3.00 5.00

AMPLITUDE (m)




CONCLUSION: Post—-Sumata: WISER?

A "Mixed Bag",with no evident trends

Indonesia: ASpecial Case

Still, stresses the value of Educati el f

One country, diverse results

— Brace yourself for Padang, 20xx ...

POST—-SUMATRA TSUNAMI| DEATHS
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FINAL LESSONS

EDUCATION W ORKS EDUCATION is NEEDED !

DO NOT EXPLORE
EXPOSED BEACHES !

C. Ruschervanuatu, Neember 1999.
« The Moken people of the Surin Islands
« Little 10-year old English girl in Phuket

Sumatra Tsunami, Madagascar26 Dec. 2004

» Professor C.H. Chapman in Sri Lanka

» Japanese tourists in high-rise hotels

— Post-Sumata SuccessesNias (SMONG); Solomon (8); Peru; Bengkulu; Maule [partially]

RUN TO SAFETY ON HIGHER GROUND !



La Science est ’Asymptote de lark@

Victor Hugo



