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A- Tsunami Hazard Evaluation

1-Historical database
2-Water level measurements — Field observations

3- Topo-bathymetry — Building database
4- Land-use

B- Evaluation of assets vulnerability

1- Damages to buildings
2-Damages to people
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1 — Catalogs of historical tsunamis

RIS/RIC
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Tsunami database (www.tsunamis.fr)

Base on original documentary source (books, scientific articles, historical
articles, manuscripts, newspapers, travellers’ accounts, chronicles,
catalogues of earthquakes and meteorological data) to prevent errors
existing in most tsunami catalogues (unit conversion problems, false
tsunamis, etc...)

« True » tsunamis (observations with confidence level, intensity maps,
bibliography and “movies” from numerical simulations)

> list of “False” tsunamis (meteotsunami)
EN
Oprgim ™
IE

.,. &‘ E [ Tsunamis constatés
sur les cotes de France

Histoire et caractéristiques des
@ tsunamis observés en France et sur

ses abords

Limites d'utilisation des données

®
L
http:/fwww.tsunamis.fr @

Lambert et Terrier 2011


http://www.tsunamis.fr/

Tsunami database : error example

= Tsunami of Lisbon 1755 :

® Lander et al. 2002 give the distance of the sea’'s withdrawal as
“1.6 km” for Martinigue whereas the contemporary accounts
evoke at the most a distance of “200 pas” (200 paces)
equivalent to ~ 160 m at Trinité

® For O’Loughlin and Lander (2003) a flood height of “4.6m” is
envisaged at Martinique, whereas contemporary accounts only
give a height of “4 pieds” (4 feet) equivalent to 1.30 m at Trinité

6 bGéusciences pour une Terre durable
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M E E- Catalogue général des tsunamis par ordre

Présentation
Dé&finitions
Contexte

Cliguez dans la colonne "Appellation” pour connaitre les caractéristiques du tsunami

chronologique
Sélection par bassins

ITDUS j

1

= Catalogue des tsunamis . — - T
Date Appellation Région Océan - Mer Intensité
Tsunamis régionaux 1 awril 2007 Séizme de Guadalcanal Archipel desiles Salaman Océan Facifique 5
25 mars 1993 Seizme du nord Antarctique Facifique Sud Océan Facifique Inconnue
16 octobre 1070 r—ﬁ:::eses":?;“dzz“;m:;'r Céte difizur Mer Méditermanée 3
| Droits d'usage | : 4
| Accueil | 22 juin 1977 ECIEME 3:55$Sndealﬁrchlpel Pacifiqua Ouest Océan Pacifique Inconnue
| Liens | 7 zeptembre 1872 Séi=me d'0Oléran Charente-mMaritime Océan Atlantique z
Aide . ] i wi . .
| | 22 fewrier de 1287 SEIST{;?:_::ERNIEFE Ligurie Mer Mediterranee 32
[ Contact | FAQ | e
22 awril 12282 Fort d= Ls Rochelle Charente-hdaritime Océan Atlantique =
9 juin 1875 FPort d= L= Rochelle Charente-haritime Océan Atlantique 3
Séizme des Houwvelles- . ) . e
28 mars 1275 - .. Mouvelle-Calédonie, Wanuatu Ocean Pacifique E
Hebrides
Séizme des lles Vierges [St- . .
18 nowembre 1267 Thomas Antilles Mer des Caraibes 4
5 juin 1858 Mermandie, tert, Detroit de Manche Manche 3
Calzais
27 féwrier de 1842 Port de Marseille Provence Mer biediterranze el
17 juillet 15441 Fort de Sete Languedoe her hiéditerranée el
14 juillet 12341 Port de Marseills Provence Mer béditerranée z
S juillet 1828 Fort de Marzeille Frovence hler Wéditerranée el
S juillet 1217 Port de Marseille P rowe nce Mear béditarranée Inconnue
27 juin 1812 Céte et port de Marseille Frovence hler Wéditerranée 4
19 septembra 1210 FPort de Boulogne-sur-Mer Ficardie Manche =
. g 2 = . P i .
24 awril 17E7 Alsrtique, seisme du sud Antilles (hdatinique, Barbade) Océan Atlantique 4
ouest de |a Barbade » durable
12 novembre 1755 Seisme de|a Nouvelle Antilles Deéan Atlantique 4
Angleterre [Cape Ann <
1 nowembre 1755 Séisme dit de "Lisbonne" Antilles Oeéan Atlantique &
13 juillet 1725 Eai= de Flamanville Cotentin Manche 2
28 juin 1725 Fort de Marseille Frovence her hiéditerranée z 7
>
20 iuillet 1564 Glissement sous-marin Céte d'fzur Mer Méditerran ée 2
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Liste des observations Caractéristigues du tsunami Carte du tsunarmi Bibliographie Pade d'accueil

Identité : 9710001
Date du tsunami : 18 nowvemhbre 1867
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ibliographie Caractéristigues du tsunami Carte du tsunami Liste des ohservations Fage d'accu
Identité : 9710001
Date du tsunami : 18 novemhbre 1867
Appellation : Seisme des lles Vierges (St-Thomas) — Antilles
Région de ['®vénement . Mer des Caraibes
1
. c e Tomaison Lieu Date de
Auteur Article Référence PP N
Série d'édition publication
THE %IRGIN ISLANDS EARTHGUAKES OF 1267- BULLETIN OF THE SEISMOLOGICAL SOCIETY
REID. H-F, TABER. § bl OF BMERICA T10 1820
SUR LE TREMELEMENT DE TERRE DU 18
DEVILLE. CH HOVEMERE 1557 A% ANTILLES C.R. ACADEMIE DES SCIENCES DE PARIS TES PARIS 1267
COMMUNICATION O'UNE LETTRE DE M. GAILLARD,
LE WERRIER O FOINTE. & PITRE C.R. ACADEMIE DES SCIENCES DE FARIS TES FARIS 1867
LISTE DES SECOUSSES ET DES BRUITS SOURDS
QUI SUIVIRENT LE TERRIELE TREMELEMENT DE
RAUFACH TERRE SURYENU A L'ILE SAINT.THOMAS, LE 18 C.R. ACADEMIE DES SCIENCES DE FARIS TEE FARIS 1868
NOVEMERE 1867
NOTE SUR LES TREMBLEMENTS DE TERRE MEMMESTEI'EHSEDEE':IE'A”EED”E”;E iTDﬁiTLHEEgE .
FPERREY. & RESSENTIS EN 1856 ET 1867, AWEC SUPFLEMENT | 2= s s e st som o T T21 ERUXELLES 1270
POUR LES AMHNEES 1243 & 1285 : - -
ARTS OE Belgigus
ZAHIED. N, PELINOWSKY. &,
YALCINER. &, KURKIN. &, |THE 1267 ¥WIRGIN ISLAND TSUNAMI NATURAL HAZARDS AND EARTH SCIENCES woL 3 2003
KOSELKOW. A, ZAITSEY. A
[EXTRAORDINARY EFFECTS OF AN EARTHQUAKE . :
1867, NOVEMEER, 18TH] SCIENTIFIC [THE] AMERICAN 28 décembra 196"

RIS/RIC
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1- Paleo-tsunami database (NOAA)

> Tsunamites: 1KY to 100 KY. Qualitative
localisation)

information (intensity and

Exemple de dépdt de sable lié au tsunami du 26 décembre 2004 (Sri Lanka, (C©)USGS) sciences pour une Terre durable
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1960 source
(subsided area)

South-Central Chile

Historical Evidence

1575 1737 1837 1960
Concepcion Wmm [ | @omm [
Angol L - ]
Imperial - -
-+ Villarica [ — m
- Valdivia 2 0 W =
Osorno ] . T -
== Rio Maullin -
| Isla Guar Y @l
" Ancud e - |
- Castro mY m ] ]
- Isla Lemu Ca ¥
- San Rafael 2 R —
Hawaii B .
Japan ] 1 1 |

mm high tsunami  — Writing w/o evidence ® Shaking

= low tsunami

Few or no writings

a Coastal uplift
v Coastal subsidence

lant (M~9.5) earthquakes ~300 yr interval

Cisternas et al. (2005 Nature)

AD1960" -
AD1575 tsunami deposit

~ADA4E tidal-flat deposit |

~AD1100 tsunami deposit

[10cm
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2 — Water level

> Tide gauges, tsunamimeters, GPS buoy : mesure de la hauteur et de
la_ période des tsunamis couvrant environ les 50 dernieres anneées. lls se font
généralement aux niveaux des ports (marégraphes). Les données en haute mer
(tsunamimetres) sont rares et concernent essentiellement les zones ou un
systeme d’alerte. La fréquence d’acquisition des marégraphes n’est pas adaptée
a la quantification des tsunamis champ proche (améliorations en cours)

GPS sensor

Solar panel

level

RIS/RIC

Exemple de tsunamimeétre (tsunameter) du réseau DART (©NOAA)

v
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RIS/RIC

Tsunameters: DART buoys

DART LOCATIONS - CONCEPTUAL PLAN
(As of April 17, 2008)

(70 0F I35 0 8150 e B8 7610 B0 0 16195 010150 0V 0 5o o120 o/ Q10 020 v Bl v B8 60 v gt 10
" L

* Covers most part of the Pacific

* Observe tsunami before it arrives
to coastline

* Indirect sea-height measurement
through pressure

(www.noaa.gov)

ne Terre durable
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Results obtained on Rank 0 (600m resolution)

= Preliminary comparison with Tsunami dart 21418 (about 800km
off Japan coasts) DART 21418

= de-tided_DART_observation(m)
— Simulation-Inst-with-Hz-displ
- - Simulation-inst-without-Hz-displ

1.5¢

1.0}

0.5

0.0

Sea surface elevation (m)

-0.5¢

Time (UTC), 11/03/2011

DART 21418

— de-tided_DART_cbservation(m)
— Simulation-Kinematic-with-Hz-disp!
- - Simulation-Kinematic-without-Hz-displ

Sea surface elevation (m)

: | @ Géosciences pour une Terre durable
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Results obtained on Rank 1 (200m resolution)“:

GPS Buoy 801

15
— de-tided_GPS_observation(m)
— Simulation-Inst-with-Hz-displ
: - - Simulation-inst-without-Hz-displ
10f ;

[S,]

Vi PPN
4’5‘

S sk 801
L ]
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Sea surface elevation (m)
I
w o

|
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-15

06:00 07:00 08:00
Time (UTC), 11/03/2011

10 GPS Buoy 801
: — de-tided_GPS_observation(m)
— Simulation-Kinematic-with-Hz-displ
8 | R S - - Simulation-Kinematic-without-Hz-displ

Sea surface elevation (m)

06;00 07:00 08;00 09:00
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39.8

Results obtained on Rank 1 (200m resolution)

8 GPS Buoy 802 302 5
— de-tided_GPS_observation(m)
— Simulation-Inst-with-Hz-displ
6l - - Simulation-inst-without-Hz-displ

38.8

386

384 7

1”(’/' l' -
: ¢ '}?v 801

382

141 1412 1414 1416 1418 142 142.2 1424

Sea surface elevation (m)
|
N

=4

06;00 07:00 08;00 na:nn
Time (UTC), 11/03/2011

GPS Buoy 802

— de-tided_GPS_observation(m)
— Simulation-Kinematic-with-Hz-disp!
== Simulation-Kinematic-without-Hz-displ |

Sea surface elevation (m)

|
N

-4

06:00 07:00 08:00 09:00
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3 - Sources de données (caractérisation des tsunamis)

Marégraphes

nS0c0a2

RIS/RIC
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Cabled OBPG (Ocean Bottom Pressure Gauge)

‘ Wk 142 f u 1820k W It‘J.'.lf" HZVE 1zZ2aE 1470k 1 13108 ik

Measure tsunami height through
pressure

Directly cabled to land

Can transmit high-sampling
realtime data

May include “seismic” station too

Very a few stations, but increasing

New Japan Trench Network by ~2015

.
.,". — ‘.-‘?_ SR 7> T
-h Y " 4
A » .
" ! ; ¥ ‘.|‘ v
P 5 >~
g

140'E 142°E 14°E 146°E

(Uehira, et al., 2012)
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2 - Satellite

= Observations spatiales Jason et Topex-Poséidon altimeter

dans

certaines configurations de mesurer la hauteur et la longueur d’onde des

tsunamis en haute mer

115 min

» élévation mesurée par satellite
élévation simulée |

2500

SUMATRA 2004

@ Géosciences pour une Terre durable

rgm
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2- Field observations

= Campagnes de terrain post-événement . déplacement sur les lieux
ayant eté le plus touchés dans le but de mesurer le run-up et la limite
d’inondation, recuelllir des témoignages (nombre de vagues, hauteurs,...)
et constater les degats occasionneés. Ces donnees sont exploitées pour le
calage des modélisations des tsunamis et I'établissement d’échelles
d’endommagements utilisées pour I'estimation de la vulnérabilité.

Exemple de dégats liés au tsunami du 26 décembre 2004 au Sri Lanka 6 i

(GSMB, BRGM) brgm
RIS/RIC
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2- Field observations : Japan 2011

Tsunarmi Joint Survey Group 04-Oct-2012
46 T T T T T T T 46
: 5 mundation

A mp-up

af

1
=]

g}

e

1 1 i i I i | 34
140 142 144 146 A 10 20 30 40
longitude height [m]

(Field data by tsunami joint survey group, 2012)
* Inundation & run-up height shift to northern part than slip

34

RIS/RIC
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3- Topo-bathymetry

= Bases de données mondiales

Bathymeétrie
« GEBCO 2014 ~900 m
s ETOPO: ~1800m

> 25

Topographie

« SRTM : 90 (30) m

X 90 (30m) m

Géosciences pour une Terre durable

brgm




3- Topo-bathymetry

= Bases de données mondiales (acces I|bre)

Topographie : SRTM (~90m)

Trait de c6te: GHSS, NGA (->50 a
200m)

RIS/RIC

mardi 26 avril 2016
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Bathymetry : Emodnet

= Résolution spatiale ~ 230m x 230m (février 2015)!!!
= Levés bathy + GEBCO 2014

'Eichier Edition Aff;cﬁage H ;storique Marque-pages Outils 3

EMODnet Bathymetry Portal * |

]

& @ portal.emodnet-bathymetry.eu v € || Q Rechercher %8 3 A -0 =
& J

Portal for Bathymetry

Bathymetry Viewing and Download service

#F Mean depth full coverage Retrieve depth Depth profile Legend R Download products wm Measure distance & Setings @ Help 8 Personal layer Login
o . T —

Suomi

éqi&\;.f Noeqpeay
] x"‘ N,

Turkmeni

ile

A
AIGeTie

8.32578, 45.50605

15
¥ 19/03/2015




3 - Bathymétrie : Emodnet
> Produit sans Gebco Avec fusion Gebco 2014

B3_no_gebco.mnt.nc
DEPTH

8.0 12.0
COLUMNS (meter)

Géosciences pour une Terre durable

brgm
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3- Topo-Bathymetry

= Base de données nationales

Histolitt

SHOM : Dalles + trait de cote

Résolution la plus haute

RIS/RIC

mardi 26 avril 2016




Bathymeétrie : Homonim 500m résolution, SHOM

-20
-50
-100
-200
-500
-1000
-1500
-2000
-2500
-3000
-3500
-4000
-5000
-6000

arre durable




3-Topo-Bathymeétrie

= Base de données nationales

Nouveaux produits SHOM (notamment projet TANDEM)

MNT de facade (~100m) + localement
produits fins

RIS/RIC

eeeeeeeeeeeeeeee Terre durable
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arques de Pombal and Horseshoe faults
Zitellini 2004 (10m)

s

8

7

6

&

4

3

2

1

05
0,375
0,25
0,125
0

Grid 500m

i A jougeLisbonneb00m. txt

i X3 -

Resolution from 3,7km to 500m
=>maximum Sea Surface Elevation X

in.txt

olgeLisbopre2r

jaugeLisbonne!000m. txt i i i
JougeLisbonneT000m. x No guantitative comparison between

simulations and observations for largs
scales
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3- topo-bathy : Lidar

Systeme laser (terrestre / aéroporté)

Précisionen z: 5-20cm

terrestre

Topo-bathy (laser+smf)
(golfe du morbihan)

Presqu’ile de Gie

Toulon

Topo-bathy (laser, jusqu’a prof de-37m) -



3- Building database : IGN — Open Street Map, ...

RIS/RIC

Légende

Batiments BDtopo
Bl Nombre de niveaux

11;12;13
14, 15; 16; 17; 18; 23; 31

= Building footprint

= schools, roads,
hospital...

> Floors: 1,2,...

6 bGéosciences pour une Terre durable

rgm
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3- Building+DTM: DEM

> Lidar, Litto3D (SHOM-IGN), BDTopo (IGN), Google StreetView, field
observations

MNE « Brut »

Extraction du bati par la
couche « bati » de la
BDTopo de I'lGN (prise en
compte d’un buffer de
1m)

Bati MNT

D traité par 'IGN)

MNE ne prenant en
_ compte que le bati

> 35



6230000~

6229000

6228000—

6227000~

6226000

6225000—

6224000

9t

4000 955000 956000 957000 958000

M Arboriculture

M Aéroports

[ Bati diffus

I Cultures sous serres

M Equipements sportifs et de loisirs

4 - Land-Use: Roughness

[ Espaces verts et lieux de culte MS-GAP class Description Manning n
M Foréts de coniféres
[ Foréts de feuillus 1 Agriculture 0.060
[ Friches agricoles avancées 2 Freshwater 0.025
[ Horticulture (hors serres) 3 Aquaculturc 0.045
DI‘”“_”’“'"‘_”“"'E'“ 4 Estuarine water 0.025
I Jarcins OUTIETS ; 6 Farmed wetlands 0.035
I Lagunes littorales et estuaires .
I Marais salants 7 Estuarine emergent 0.050
M Maraichage (hors serres) 8 Estuarine woody 0.060
[ Mers et Océans 9 Palustrine emergent 0.055
[] Mines, décharges et chantiers 10 Bottomland hardwood 0.140
[ Noyaux urbains et villageois 11 Riverine swamp 0.060
[ Parkings indépendants 12 Pine savannah 0.160
E E::i::i::lzttga?;ﬂ’ dunes 13 Freshwater shrub/scrub 0.070
3 Prairies hurnides 14 Palustrine nonvegetated 0.030
I Pépiniéres (hors serres) 15 Transportation 0.032
I Ripisylves 16 High density urban 0.150
M Rivitres et cours d'eau 24 Urban freshwater 0.025
[ Roches nues 25 Wet soil/water/shadow 0.040
I:lR?seliéreseFCannes de PI’UVEI"KE 26 Urban pine 0.180
= f;?m“ fe"f E‘::"“‘ associés 27 Urban hardwood 0.160
; Sj;:a:egoe‘:‘;‘zbé::p“as Fesaas 28 Urban low herbaceous 0.070
I Terres arables 29 Urban grassy/pasture 0.035
M Tissu pavillonnaire 30 Bare urban I 0.120
[ Vignes 31 Bare urban IT 0.120
32 Clear cuts 0.036
Manning 50 Low-density pine 0.160
(sim1/3) Le Roy et al. 2013 s M o
. Manning Chow, 1959 Manning
0:405 Typologle (Min-Norm-Max) _| Engineers Australa, 2012 retene Bunya et al. (2010)
0.39 Béton, asphalte asphalte (0.013-0.016) 0,02-0,03 0.016
0.375 short grass
gggs Prairie (o.ozi—icg)fzzioas) 0,03-0,05 0.04
0.33 (0.030- 0.035-0.050)
0.315 mature row crops
Champs (0.025-0.035-0.085) | econs: 0,05-0,07 0.05
mature field crops
(0.030-0.040-0.050)
Urbain dense 0,2-0,5 0.4
Urbain éparse 0,1-0,2 0.1
heavy stand of
timber, afew down
. trees, little
Forét dense 0,07-0,12 0.1
undergrowth, flood
stage below branches
(0.080-0.100-0.120)
cleared land with tree e
Forét éparse stumps, no sprouts 0.04 Géosciences pour une Terre durable
(0.030-0.040-0.050)
Surface en eau 0,02-0,04 0.03
Sol fortement rugueux 0.050-0.070-0.080 0.07
Sol moyennement rugueux 0.035-0.045-0.05 0.045
Sol faiblement rugueux 0.025-0.030-0.033 0.03
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3 and 4: building representation models

Syme, 2008

Configuration 1
Batiment explicite
imperméable

Engineers Australia (2012)

2

1 %
i OIL

Configuration 2
Batiment implicite
variation de rugosité

-

Configuration 6
Batiment explicite
élément poreux

A5 mmmm . 5

Géosciences pour une Terre durable

brgm

>:32




4- Coastal flooding vs representation of urban areas

Exemple Tsunami de Nice 1979

s AC ! _.'

T = T
986400 986500 986600 986700 986800 986900 987000 987100 987200 987300 987400

Impermeable blocks

Le Roy et al. (2011, 2014)

T T T
986400 986500 986600 986700 986800 986900 987000 987100 987200 987300 987400

Raised roughnes
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SUMATRA 2004 (Mw 9.2) —Sri Lanka
Tsunami modeling : dec 2004 - (Mw 9.2) | n b,

671000-{°

670000 A

669000

668000 ,
courbe d'élévation 6m Bha -

667000 |imite d'inondation
(donnée de terrain)

666000 ' A
Simulation 6 : ondes longues, ’ «?’ A\ D
bati 8m, marée 0.5m, ‘

665000 frottement a terre 0.5

T T T T T T T T T
8927000 8928000 8929000 8930000 8931000 8932000 8933000 8934000 8935000

- Nested grid -> 20m
- Homogeneous rougness

Tide-gauge data at Colombo

o tide gauge
— model

., f\
] n/\fh/\/\f"\

élévation mesurée par sateilite
—— élévationsimuide | |

sea surface height (m)

| \/w \J k\ﬂ

Poisson, Garcin et Pedreros, GJI, 2009 : 3 ‘ °

time after earthquake (h)




SUMATRA 2004 (Mw 9.2)

Inundation calculation at Sri Lanka (Galle bay)
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g . | a5 6
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£ 5
- Land use s i e 669000
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e 2
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Inundation — Water height

Hauteur de la submersion a terre (m)

L Loaf ¥ N

v - 5 oy
\”'": b "
. TH Lgpite submersion observée

] I ]
Om 500 m 1000 m 1500 m 2000 m

With buildings and structures

Pedreros et al. 2013

Om

500 m 1000 m

Without buildings and structures

!

]
1500 m 2000 m
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A- Tsunami Hazard Evaluation

1-Historical database
2-Water level measurements — Field observations

3- Topo-bathymetry — Building database
4- Land-use

B- Evaluation of assets vulnerability

1- Damages to buildings
2-Damages to people

@ eeeeeeeeeeeeeeeeeeeeeeeeeeee




B-1: Damages to building

After the tsunami of 2004, Fo: Demage protabiity
several methods have been
developed. ”

0.6
They concern the damage to =
buildings, and are therefore . / Fﬁ”'gl’f
limited to scenarios of tsunami - | —omal
of high to very high intensity (5- e 1 2 3 4 & 8 1
6 of the Sieberg-Ambraseys ——
scale degrees). Example: function of damage proposed by

Koshimura (2007) for all types of building

6 bGéosciences pour une Terre durable

Fifth International Tsunami Symposium (ISPRA-3-5 Sept. 2012) Risks and Prevention Division




B-1 : Damages to building — Sri Lanka

4.,‘4‘

m
L]

-~

===

Y

'-_s_i_*

L]
-~

-

L
E e

N

oy

oo,

™

*

[

<

A
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Kalutara
Beruwala
Bentota
Balapitiya
Ambalangoda
Hikkaduwa
Galle City
Habaraduwa
Weligama
Matara City
Total Area

— Complete

— = Partial Unusable
= = =Partial Usable

Figure 4: Vulnerability functions for southwest of Sri Lanka
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Peiris, 2006
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Example of Sri-Lanka:
Typology & Damage scale

> Buildings typology (SW Sri Lanka)

— L : light (wood, sheet metal...) ;

— B1: light bricks;

— B2 : 2 ranks of bricks ;

— CB1 : concrete blocks, bad quality;

— CB2 : concrete blocks, good quality with concrete columns;
— C : reinforced concrete;

— LB : traditional in rubblestones.

> Damage scale
®* 5classes (DO to D4) :

Garcin et al.

— DO : superficial damages, no structural damages.

— D1 : cracking, destruction of windows and doors, habitable and
repairable ;

— D2 : collapsing of walls without damages to the building integrity,
moderate scouring of fundations, not habitable but restorable ;

— D3 : destruction of several bearing walls, important scouring of
fundations, not restorable ;

— D4 : total destruction of the building ;
2008




Example of Sri-Lanka: vulnerability

curves from the 2004 Sumatra

Tsunami

To each building type is
associated a damage
function by tsunami, based
on post-event observations.

This damage function is a
curve giving the damage
probability (from D4 to D1)
depending of the inundation
height affecting the
building.

damage state probability

100

90

80

~
o

60

Vulnerability functions (L)

D4
—=—D4+D3
—&— D4+D3+D2

0

0.5

1

15 2

highest submerged height (m)

25

lurable

i
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Example of Sri-Lanka:

After validation by field visits, mapping is made through a GIS tool developped by
BRGM (Armageddom)

Inundation height (from models) Quantification of the agression for each building

SD-Buildings
intensity
16106  (144)
321046 (329
181032 (170)
041016  (@E98)
A 1004 (12221)

%

SD-Buildings - : 1 SD-Buildings

impact 7 e 3 - impact

concrete  (3735) 3} d 1 DO-D1 (13318)
concrete2  (748) " G . Y D2 (294)
light ) i - 03 @)
peiris (8035) D4 (838)




Garcin et al. 2008

RIS/RIC

SD-Buildings

impact

Do-01 (13318
D2
03
D4

!
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Damages to people: example of Nice 1979

On the Mediterranean French coast : low to medium exposition to
tsunami

—>few damages expected on structures

Most of the work concerns people vulnerability, and damages in
harbors, distinguishing:

- Season (touristic zones)
- Location (inside/outside the buildings)

- For people inside buildings, the type of building (is it a refuge or a
trap ?)

People vulnerabillity is based on their ability to move and to resist to the
flooding

—>Knowledge from fluvial inundations
—>Based on inundation height / current 6b eeeeeeeeee -,

rgm




Assessing vulnerability of the stakes

Maximum flood level (in

Population located outdoors:

Limit of ability to move for persons located outside

m)

>1,5

1.5

0.75

0.5

0.25 |

Difficult

ol Possible travel |
0.5 0.75 1 1.25 2 3 >5
Maximum speed (m/s)

For an affected population
unable to move and
situated outdoors, a
mortality rate or strong
Injuries of 10% was
determined:

average fixed on the basis of
the tsunami of Indonesia and
Japan (Gusha-Sapir (2006),
Nishikiori et al.) (2007) &
Mimura et al. (2011)

@ bﬁéusciences pour une Terre durable
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> Classification
In 4 levels of
exposure

0 : building not flooded

1 : building flooded, but people on the
ground floor can move around.

1,5 : single-level building, flooded.
People can move around but they
have no place to take refuge.

2 : building flooded. People on the

ground floor are swept away or
trapped.

RIS/RIC

Typology of the
structure

multi-story building surmounting a
transparent ground floor (presence of
shops, bay-windows...)

A multi-story building surmounting a
closed ground floor

A transparent one-story building
(ground floor).

A one-story building (ground floor)
with walls

mardi 26 avril 2016
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Assessing vulnerability of the stakes

For a population trapped on the ground floor of buildings exposed to
level 2 conditions, based on work by Guha-Sapir (2006), a 4%
mortality rate is obtained.

Underground levels (basements and car parks) constitute a specific
type. The risk is considered to be level 2 once flooding reaches them.

For aggressions higher than those appertaining to levels 0 to 2, the
behavior of the structure can be estimated using vulnerability curves
derived from observations of the 2004 Indian Ocean tsunami or those
proposed by Guillande et al. (2009), Garcin et al. (2007), Peiris (2006),
and Léone et al. (2006).

6 b eeeeeeeeee pour une Terre durable
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Assessing vulnerability of the stakes

People vulnerability :
In each case, a matrixe of exposure is used

Basements
Car parks

[ Transparent |

Several floors __ground floor |

[ Closed ground |

Inside a | floor y
building

[ Floors above |

people __ground floor |

[ Transparent |

Single floor __ground floor |

[ Closed ground |
floor

@ hGéosciences pour une Terre durable
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Outside a
building
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Caractérisation de la zone
= Milieu béati (BD topo IGN ©)

¢ Délimitation individuelle du bati
®* Nbe étages

= Secteurs extérieurs
® Délimitation plages & promenades

® Caractérisation fréquentation maniere
qualitative

® Estimation nb personnes par site été / hiver /
jour nuit

® Localisation fréquentation des campings, des

Nombre de personnes

800

21-awr-07

700 1+ —
214007 / \
800 1—|——2250p-07 e N

500

400 \-/ /: . \\

300 / /.,/:/. = \-

200
-/ -
100 B

-
./ =
0 — T T T T T
h 10h 11h 12h 13h 14h 15h 16h 17h 18h
@ Mappemonde, 2008 (GS-SR) Heures du jour

Légende

Batiments BDtopo
Nombre de niveaux

11592303
14; 15, 16; 17; 18; 23; 31
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Beach density population

‘%1 > Density
B estimation
during summer

§54% — Google earth
&8 > Tourism
observatories

= Some specific
O works (Robert
i et al. 2008 Nice)

700 1 21-awr-07 A
21-juik07 / \
600 +— 22-sep-07 /_/ \
500
400 -_____._..-—I\ /-/ _/'\
\-/ - \\

300 /

L
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tsunami type 1979 : Damage assessment

Scenarii with:
-the current distribution and typology of the built environment,
-the population density in 2010, off-season and during tourist season.

Four time scenarios:
mid-January 2012 at 2 a.m. and 3 p.m.
mid-August 2012 at 2 a.m. and 3 p.m.

@ Géosciences pour une Terre durable
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Résultats : la Salis (Antibes)

Scénario Nice-Aéroport 1979
Inondation a Antibes (La Salis)

> 42 batiments impactés
par le flot (population
RDC emportée)

> Dommages faibles du
bati (sauf structures
tres légeres comme
terrasses, etc.)

Batiments
Niveaux de sauvegarde

|| 0:pasdimpact

I : : population au RDC emportée

250




68 buildings affected
by the inundation, with

-25 would undergo a run-
up height exceeding 0.75
m,

-34 would be subjected to
a current speed of over 1.5
m/s

»42 would present an
exposure level of 2
(impossibility for persons
inside to escape)

Terrier et al., 2013
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tsunami type 1979 : Damage assessment

Human losses at La Salis (Antibes)
People outside

La Salis quarter, People unableto Number of deaths

tsunami type withstand the or serious injuries
1979, people flood

oudoors

August 15th in 2000 to 4000 200 to 400
mid-afternoon people

January in mid- 60 to 80 people 5t0 10
afternoon

People inside building with an exposure level of 2,

on August 15th :

200 in the middle of the afternoon > 5 to 10 deaths or serious injuries
«300 at night > 5 to 15 deaths or serious injuries

On Juanary :

90, in the middle of the afternoon > less than 4 deaths or serious_injuries
150 at night, > 3 to 6 deaths or serious injuries a SRR

brgm

Terrier et al., 2013
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