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Economic Loss (billions dollars) Casualities (thousands)
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1.Big China Floods, (1931)
2.Bangladesh Tropical Cyclone, (1970)
3.Tangshan Earthquake, China (1976)
4.China Floods, (1959)

5.Haiti Earthquake, (2010)

6.Sumatra Earthquake, Indonesia (2004)
7.Haiyuan Earthquake, China (1920)
8.Myanmar Tropical Cyclone, (2008)
9.Bangladesh Tropical Cyclone, (1991)
10.Kanto Earthquake, Japan (1923)

1.Tohoku Earthquake, Japan (2011)
2.Kobe Earthquake, Japan (1995)
3.Katrina Hurricane, US (2005)
4.Sichuan Earthquake, China (2008)
5.Northridge Earthquake, US (1994)
6.Sandy Hurricane, US (2012)
7.Thailand Floods, (2011)

8.Chile Earthquake, (2010)

9.lke Hurricane, US (2008)
10.Honshu Earthquake, Japan (2004)

Irpina Earthquake, Italy (1980) Messina Earthquake, Italy (1908)

Sources: Munich Re, IMF, World Bank Sources: UN, USGS, EM-DAT database
UN, EM-DAT disaster database

Les séismes représentent 15% des aléas naturels mais
produisent 33% des victimes et des pertes économiques
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Seismic Hazard - Ground motion produced by the earthquake
at one site
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Seismic risk - Seismic consequences (economic losses and
fatalities) for a given ground motion
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Considering a constant urbanization rate: 2.8 millions of fatalities
before 2100

Holzer and Savage, Earthquake Spectra, 2013
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=® Aléa sismique de la France
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\\{ = M6 Lambesc Earthquake (1909)
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Tremblement de terre du 11 Juin 1909
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Population concentrations
(O 1,000,000
O 500,000

o 100,000
« >30,000

A Nuclear power plants

Seismic Hazard (Population)
Very weak (26.8 million - 41.2%)
Weak (21.4 million - 33.0%)

0 Moderate (13.0 million - 19.9%)

B important (3.9 million - 5.9%)
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Seismic losses model

EXPOSURE
(infrastructures, population)

HAZARD

(seismic demand)

VULNERABILITY
(damageability)

(fires, land slides, others)

DIRECT PHYSICAL
DAMAGE

INDIRECT DAMAGE

INDUCED DAMAGE |

ECONOMIC LOSS SOCIAL
(e.g. business interruption) (casualties, homeless)

DIRECT
ECONOMIC LOSS

INDIRECT ECONOMIC LOSS

TOTAL ECONOMIC LOSS
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Step 1
Using Datamining
Techniques

=

Step 2
Vulnerability
Estimation

Test Area

Attributes + Vulnerability Class

Vulnerability

Proxy

Large-scale, cheap, easy to |
get and reliable information 1

National Census

Remote Sensing

Estimated
Vulnerability

Estimated
Damage

|
Learning Phase

Hazard Data
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European Macroseismic Scale EMS-98
(Grunthal & Levret, 1998)

Type of Structure Vulnerability Class Damage PrObablllty Matrix
ABCDETF Vulnerability Class “A”

rubble stone, fieldstone O EVIS98

adobe (earth brick) O--| Intensit DO D1 D2 D3 D4 D5
2 simplestone MO N, : 100 000 000 000 000 0.00
% massive stone I—O I ’ ' ) ’ ) ’
z unreinl'orced(,:l with I O i V 0.95 0.05 0.00 0.00 0.00 0.00

manufactured stone units

unreinforced, with RC floors I—O I Vi 0.60 0.35 0.05 0.00 0.00 0.00

reinforced or confined IOH Vil 005 020 035 035 005 0.00
2 conauake esistant design kD) | F=OT Vil 000 005 020 035 035 005
; frame with moderate level of ERD I--—-O-—' IX 0.00 0.00 0.05 0.25 035 0.35
g fromewilhhigh lovel of ERD I Cg—l O X 000 000 000 000 020 080
2 walls without ERD o
® | .1ho ld lvel of ERD HOH Xl 0.00 000 0.00 0.00 0.00 1.00
o walls with moderate level o o
é walls with high level of ERD bOH Xl 0.00 000 000 0.00 0.00 1.00
Z steel structures } — (Lagomarsino & Giovinazzi , 2006)
- (Tyagunov et al., 2014)
8 timber structures I'-"--—'O-—I (Riedel et al., 2014)

Omost likely vulnerability class; — probable range;
----- range of less probable, exceptional cases
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Support Vector Machine (SVM) Vapnik et al (1995), Burges (1998), Christianini et al (2000)

Supervised learning models with associated learning algorithms that ANALYSE data and RECOGNIZE
patterns, used for CLASSIFICATION.

TARGET X,
ATTRIBUTES VALUES
X1 X2 X3 .o, XN B TRAINING
A SET
C
TESTING
SET
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Support Vector Machine (SVM) Vapnik et al (1995), Burges (1998), Christianini et al (2000)

Supervised learning models with associated learning algorithms that ANALYSE data and RECOGNIZE
patterns, used for CLASSIFICATION.

TARGET

ATTRIBUTES VALUES
X1 X2 X3 ..o XN B
X1 X2 X3 .o XN A
C
X1 X2 X3 ... XN D
X1 X2 X3 ..o XN E
X1 X2 X3 .o XN F

TRAINING
SET

TESTING
SET

Binary and Linear Classification
Minimize (in w, b) ||w/|| ; subjected to (for any i=1...n) yi (w.xi —
b)>=1
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Support Vector Machine (SVM) Vapnik et al (1995), Burges (1998), Christianini et al (2000)

Supervised learning models with associated learning algorithms that ANALYSE data and RECOGNIZE
patterns, used for CLASSIFICATION.

TARGET
ATTRIBUTES VALUES
X1 X2 X3 .ol XN B TRAINING
X1 X2 X3 ..ol XN A SET
C
X1 X2 X3 ...l XN D
X1 X2 X3 .ol XN E TESTING
X1 X2 X3 ..ol XN F SET
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Support Vector Machine (SVM) Vapnik et al (1995), Burges (1998), Christianini et al (2000)

Supervised learning models with associated learning algorithms that ANALYSE data and RECOGNIZE
patterns, used for CLASSIFICATION.

TARGET X
ATTRIBUTES VALUES 2
X1 X2 X3 .o, XN B TRAINING
A SET
C
TESTING
SET

/  support

vectors
PaNe)
/éx/

Binary and Linear Classification
Minimize (in w, b) ||w/|| ; subjected to (for any i=1...n) yi (w.xi —
b)>=1

X4
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Using Grenoble dataset

30% of Dataset as training set
2 attributes from CENSUS data

Confusion Matrix

Soutenir la recherche
pour prévenir les risques

A B C D E F
A 131 121 37 0 0 0
B 111 94 78 21 0 0
C 29 86 5711 3% 43 0
D 9 7 107 249 193 0
E 0 0 8 32 331 0
F 0 0 0 0 0 0

280 1155 801 697 567 0 3500
Acc.  0.629
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Support Vector Machine (SVM)

Accuracy distribution

Overall Accuracy Evolution
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Using Grenoble dataset

30% of Dataset as training set
2 attributes from CENSUS data

Confusion Matrix

Soutenir la recherche
pour prévenir les risques

A B C D E F
A 131 121 37 0 0 0
B 111 94 78 21 0 0
C 29 86 5711 3% 43 0
D 9 7 107 249 193 0
E 0 0 8 32 331 0
F 0 0 0 0 0 0

280 1155 801 697 567 0 3500
Acc.  0.629

600

500

=400

>
Q300
200

100

58

s
Support Vector Machine (SVM)

Accuracy distribution

Overall Accuracy Evolution

- Construction period N
- N° of floors 65 =
£ o)/ -
§
Median: 62.4% S %r
Q16: 61.8% S sob
Q84: 64.0% <0
o =
!'45
& sl
I 1 I I LN as I I I 1N
60 62 64 66 68 70 72 74 767 0 10 20 30 4 50 & M 80/

Overall Accuracy [%]

Traning set Sze [%)




. MAIF
QTerre e

Institut des Sciences de la Terre

Soutenir la recherche
pour prévenir les risques

Using Grenoble dataset
30% of Dataset as training set

2 attributes from

Confusion Matrix

CENSUS data

Accuracy distribution

A B C D E F /
A 131 121 37 0 0 0 600~
B 11 oM 78 21 0 0 500 -
c 29 86 5M 395 43 0 =400}

=

D 9 7 107 249 193 0 8 300
E 0 0 8 32 3 0 200
F 0 0 0 0 0 0 100

280 1155 801 697 567 0 3500

58 60
Acc.  0.629

b) 3 attributes - 6 classes

- Construction period

/N - N° of floors
600 - - Roof shape
500

Median: 63.5%
Q16: 62.4%
Q84: 65.2%

2400

=)

Q300
200

100
] ] ] ]

62 64 66 68 70 72 74 767
Overall Accuracy [%]
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Overall Accuracy [%]
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Support Vector Machine (SVM)

>~
~

- Construction period
- N° of floors

& 8 &

Median: 62.4%
Q16: 61.8%
Q84: 64.0%

Overall Accuracy [%)
& &
o
|

B &
1

| ] | | LN

Overall Accuracy Evolution

o

c) 6 attributes - 6 classes

- Construction period
N P

- N° of floors
600 - Roof shape
- Width
500 - Shared-wall ratio
- Dist. nearest building
":E; 400
Q300 Median: 71.2%

© Q16: 69.8%
200 Q84 73.3%
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Using Grenoble dataset

30% of Dataset as training set
2 attributes from CENSUS data

Confusion Matrix
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Lambesc in 1909
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Validation 2 - Nice scenario

RISK-UE By SVM Proxy

% Vulnerability Class B N

RiskUE Vulnerability index
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Validation 2 - Nice scenario

Intensﬂy Vv Intensity VI Intensity VII
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Validation 3 - Ubaye earthquake

D1 (Slight)

233+17 buildings

mean = o

D2+D3 (Moderate)

226 buildings

mean = O
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Validation 3 - Ubaye earthquake

Séisme de Barcelonnette (M 4.9 - 2014): 272 batiments

enfommageés (Source BCSF)

D1 (Slight)

A

233+17 buildings

mean = o

D2+D3 (Moderate)

40 km

Vs

€ TR 5 e
\ le' ﬂ:}l“’*

226 buildings

mean = O
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EXPOSURE ‘

‘(infrastructures, population)

HAZARD

(seismic demand) ‘

VULNERABILITY
(damageability)

INDUCED DAMAGE
(fires, land slides, others)

DIRECT PHYSICAL ‘ INDIRECT DAMAGE

DAMAGE

(e.g. business interruption) (casualties, homeless)

ECONOMIC LOSS SOCIAL

DIRECT

ECONOMIC LOSS

INDIRECT ECONOMIC LOSS

TOTAL ECONOMIC LOSS
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Analyse & quantify uncertainties in the estimation of Physical
Damage

(GMPEs) (GMICEsS)

Atkinson&Kaka
(2007)

Intensity

Faenza&Michelini I
(2010)

Intensity

Cauzzi&Faccioli
(2008)

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

(1000-building city)

Allen et al. (2012)

Bakun&Scotti (2006) ﬂ?ﬂ hﬁm

Intensity

(Magnitude - Distance pairs)

Earthquake Scenarios
Vulnerability Distributions
4 Estimated Damage Distributions
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a) Intensity residuals as a function of magnitude

2 . " vgreirnnmaaes R G
CF08-AKO7 § 1 o] ; { [P §
(GMPE-GMICE) B o__f* + -..Q._%.‘- ________ + <
m=+0.215d=083 & 1| ! S ‘
4 45 5 55 6
Magnitude [Mw]
2
CF08-FM10 2 1}
(GMPE - GMICE) B o__ .f -.. _________ i
w
=-0.115d=0.93 & 4 ?
2t :
4 45 5 55 6
Magnitude [Mw]
2
BS06 s 1t
(PE) 8 0| 8 ---;-— '“"""i’
m=-0.20 sd=0.94 & 1 * f * ;
24 ——
4 a5 é 55 é
Magnitude [Mw]
AL14 § L [ . : .
ff- o --ﬁ ------ —
=-0.08 sd=0.79 2 -1 { TR —

£'> 55 6

Magnitude [Mw]

4f5

b) Intensity residuals as a function of distance
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Vulnerability: 1000-Buildings European City like urbanization

3001
250~

=200

3

Q150

100
50

Building typology EMS-38 Percentage (A} (B) (C) (D) (E} (F)

Simple stone 5% (P—
Maisive stone 15% loeesQunnsl

g Unreinforoed, with manufactured sione urits 15% leeesQunesl
Unreinforoed, with renforoed concrete floors 2% love s Qunnsl
Rerforced or confined 5% [+=== O
Frame without ERD 10% T PR » TR |

§ Frame with mederate level of ERD 7% (U PETEY « TERN |
Frame with high level of ERD % (U PR « FERE
Walls wihout ERD 0% |----0
Walls with moderate level of ERD T% |----0
Walls with high level of ERF 3% |----0--

O  most ikely vulnerabiliy class, |-
(more than 70%)

A B
EMS-98 Vulnerability Class

C

300
250
£200

>
Q150
100
50

D E F

A B C D E F
EMS-98 Vulnerability Class

- probable range.
(less than 30%)

300
250
2200

=)
Q150
100
50

-~ tange of less probable, excaplional cases

(less than 5%)

A B C D E F
EMS-98 Vulnerability Class

300
250
£200

=)
Q150
100
50

A B C D E F
EMS-98 Vulnerability Class
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Damage Estimations: Global Uncertainty
Sensitivity Analysis for different sources of uncertainty

a) One vulnerability distribution - Intensity mean: 8 + 1.0
100+ :

Slight deage - Mean:267 +35 - MPV[250-300] buildings (78% probability)
——Moderate Damage - Mean:356+149 - MPV [350-400] buildings (56% probability)
——Severe Damage - Mean:33+43 - MPV[0-50] buildings (56% probability)
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Number of Damaged Buildings
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b) Variable vulnerability distribution - Intensity mean: 8 + 0.0

g Slight Damage - Mean:283 +26 - MPV:[250-300] buildings (24% probability)

8 8o ——Moderate Damage - Mean:386+46 - MPV [350-400] buildings (24% probability)

S ——Severe Damage - Mean:17 +10 - MPV:[0-50] buildings (95% probability)
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Carte Nationale réglementaire Seismic  Level of Accelerations (rock site) [cns?]
. Zone hazard Rr 475 years Rr 95 years Rr 47 years
) Zonage sismique de la France (10% in 50 years) (10% in 10 years)  (10% in 5 years)

en vigueur depuis le ler mai 2011

gm0 D. 563-8-1du code de lenvironnement) 1 Veryweak 400 25.0 214
2 Weak 70.0 438 375
3 Moderate 110.0 68.8 58.9
4 Important 160.0 100.00 85.7
5 Strong 3000 187.51 160.7

EN 1998-1 (CEN, 2005)
__T
Pr=1—¢€e Er

p N\ ~1/k

VNP—R

50 100 km

Zones de sismicité

1 (tres faible)
2 (faible)
[0 3 (modérée)
B 4 (moyenne)
Il 5 (forte)
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Carte Nationale réglementaire Seismic  Level of Accelerations (rock site) [cns?]
o Zone hazard Rr 475 years Rr 95 years Rr 47 years
5 | Zonage sismique de la France (10% in 50 years) (10%in 10 years)  (10% in 5 years)
e - en vigueur depuis le ler mai 2011
Révumtioue Francaie (art. D. 563-8-1 du code de I'environnement) 1 Very weak 40.0 25.0 214
e 2 Weak 70.0 43.8 37.5
3 Moderate 110.0 68.8 58.9
4 Important 160.0 100.00 85.7
5 Strong 300.0 187.51 160.7

Zones de sismicité

Allen et al., 2014

Seismic  Level of Calculated Intensities for different accelerations levels

Zone hazard Rr 475 years Rr 95 years Rr 47 years
(10% in 50 years) (10% in 10 years)  (10% in 5 years)

1 Very weak \Y V \Y

2 Weak VI v v
0 50 100 km 3 Moderate Vil VI Vi
[ ]

4 Important VI Vil VI

1 (tres faible)

2 (faible)
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a) Return Period: 475 years b) Return Period: 95 years ¢) Return Period: 47 years
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Estimation des pertes économiques depuis les dommages

Model for Greece Damage state label Central index (%)
(Kappos et al., 20006) DO - None 0.0
Model for Italy g o1-sign 30
(Di Pascuale & Goretti, 8 D2-Moderate 14.0
2001) g D3 - Substantial to heavy 34.0
Model for California Z  D4-Very heavy 65.0
(FEMA 443, 2003) D5 - Destruction 90.0
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Estimated direct loss for regulatory accelerations [%]
(Return Period 475 years)
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Estimated direct loss for regulatory accelerations [%]
(Return Period 47 years)
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Loss Estimate Cost of
(Reference) retrofitting
O Actual Final

direct
= ZP Di * Cbi vuinerability
i=

[ class class
5.0

% of buildings with 14.0
damage Di 220
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FEMA 156 (1996)

Rapport GTR/DDT65/0511-855
Smyth et al., (2004)

Kappos & Dimitrakopoulos, (2008)
Bostenaru Dan, (2014)

Retrofitting
Schemes
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vunerability  Cost(y | ZP x>y * Qxay
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% of buildings class X
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Analyse colt/Bénéfices
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Analyse coult/Bénéfices - GRENOBLE
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Valeur de I'immobilier résidentiel de Grenoble: €10.2 milliard

475 ans 95 ans 47 ans
Ville Investismt
Perte dir Bénéfice Perte dir Bénéfice Perte dir Bénéfice
Originale 0 1.3 Mds 0 470 mi 0 77 mi 0
Strategie | 540 m; 495 mi 295 mi 108 0 10 mi 0
Optimale
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Analyse colt/Bénéfices - NANTES
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10l —95years |

Expected loss [%]
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Expected loss + Investment [%]
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Valeur de I'immobilier résidentiel de Nantes: €50 milliard

475 ans 95 ans 47 ans
Ville Investismt
Perte dir Bénéfice Perte dir Bénéfice Perte dir Bénéfice
Originale 0 2.89 Mds 0 492 mi 0 492 mi 0
Stratégie | o5 mi | 2.24Mds | 401 mi 490 mi 0 490 mi 0
Optimale
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Analyse colt/Benéfices

NICE

Investismt

475 ans

95 ans

47 ans

Perte dir

Bénéfice

Perte dir

Bénéfice

Perte dir

Bénéfice

Originale

0

5.52 Mds

0

2.10 Mds

0

343 mi

0

Stratégie
Optimale

2.28 Mds

2.12 Mds

1.12 Mds

474 mi

0

45 mi

0

LOURDES

Investismt

475 ans

95 ans

47 ans

Perte dir

Bénéfice

Perte dir

Bénéfice

Perte dir

Bénéfice

Originale

0

207 mi

0

80 mi

0

14 mi

0

Stratégie
Optimale

73 mi

17 mi

0

2 mi

0

Strasbourg

Investismt

475 ans

95 ans

47 ans

Perte dir

Bénéfice

Perte dir

Bénéfice

Perte dir

Bénéfice

Originale

0

1.70 Mds

0

283 mi

0

283 mi

0

Stratégie
Optimale

1.31 Mds

282 mi

0

282 mi

0
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Conclusions

- Provided tools for earthquake loss assessments in moderate seismicity
regions.

Data mining techniques allow a simple vulnerability estimation nation-
wide.

Independent information coming from remote sensed data can
increase the accuracy

Larger variability coming from Hazard data.

Seismic risk is considerable in France due to the evolution of
exposure.

- Attempted to implement first diagnosis and decision support tools for
risk reduction in France.

- Retrofitting of structures usually not cost-effective for the shortest time
horizons.
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Perspectives

- On the value of seismic regulation in France

- Including a complete PSHA in intensity

Low-to-moderate (western) region - What are the impact of the
implementation (or not) of the seismic regulation in terms of cost/
benefot analysis?

Direct and indirect economic losses - Logic tree based method
considering the cost (and benefit) of each decision making.

Additional parameters

- Risk and responsibility
- What are the responsibilities of the authorities/owners/insurances with
respect to the implementation of the seismic regulation ?
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