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®m 1. Background : Seismic zonation and PSHA studies in France

Variability of hazard estimates

2. b-value dependence with magnitude range used

3. Impact studies of the parameters choices & deagregation
studies (PGA)

4. Overall variability

5. Results for frequencies 1, 2 and 5 Hz

Alternative methods

6. Alternative method: smoothing seismicity model (Woo0)

7. Conclusions & Perspectives
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« Probabilistic » Methods

The considered ground motion: corresponds to a
probability of exceedance over a specific period of time

A: considered acceleration

Conventional building <> There is a probability of 10% that A

will be exceed in the next 50 years
<> There is a probability of 0.5% that
A will be exceeded in the next 50 years

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005

Context of the study

e Conventional building :

IRSN = expert role for the establishment of
the new French seismic zonation,

based on probabilistic methods
(requirements of Eurocode 8, UE)

e Nuclear sites (IRSN) :

- Seismic hazard estimation : still deterministic
- Probabilistic methodologies under study

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005




Past studies
Present zonation (1985 - 1991)

- Based on historical seismicity
* Mainly deterministic

- Based on Intensity
+ Catalogue : early 80's

- Translation into acceleration values (ay)
* Rather subjective

A few PSHA
- Early 80's : attempts from "nuclear world"
* 6M = Intensity
+ Instructive results :
- PSHA (Regulatory Agency) > PSHA (BRGM) > PSHA (utilities)
- Late 90's : new attempts for common buildings (10-3)
* No logic tree, but "consensus" zonation
- Completely different map...

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005
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Probabilistic study (GEOTER / MEDD / GEPP)

Area : Metropolitan France + Antillas

Revised catalogue (M. France)
Lower intensities
*Magnitudes estimated from Levret formula
‘M without correction

Source zones (M. France)
‘EPAS/AFPS (52 zones, no fault) + simplified (25 zones) : 80%
*No zone (smoothing) : 20%

Attenuation relationships (M. France)
‘IRSN + Ambraseys
‘ROCK
‘With o, without truncation

6round motion parameters
- Pga + Sa(0.2s) + Sa(0.5s) + Sa(1.0s) + Pgv

Program : CRISIS99 (M. Ordaz)

11
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Logic tree, Geoter study

Méthodologie de I’approche probabiliste par arbre logique et traitement des incertitudes : Métropole FIGURE : 1-1
Incertitudes épistémiques Incertitudes aléatoires
Modéle Zonage Modéle Paramétres des zones sources :
concepluel sismotectonique &’ atténuation B H Mmax
Ao B Hy Murs,
IPSN (1999)
- J By Ha - Masay,
Doy B Hay Mtz
Zonage crustal §2 zones
w3
Ambraseys (1995, 1996)
W6
Zomage
w1
IPSN (1999)
WS
Zonage crustal 25 zones
wa
Ambraseys (1905, 1906)
W6
[ H1
IPSN (199%) Ha
w5
H3
Lissage H3
w2 H1
Ambraseys (195, 1906) | H2
0 H3
H3
by : o 12
<Y | Versiondu 1 17-07-2002 | spenr : Anm FIORAVANTI Fichier : Met Métmpol_fmilelLedr | Source : GEO-TER. 2002

Seismic data (1356-1999)

N\ 1962-1999 :
Instrumental catalog
LDG, M,

N\ 1356-1961: Historical
catalog, SisFrance,
correlation M, -1

Latitude
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Seismicity
catalogue

Raw data

Catalogues

@ Catalogue ZPGF France
@ Catalogue ICC Catalogne
@ Catalogue Angletere

© Catalogue GNDT ltalie

@ Catalogue BGR Allemagne
© Catalogue ORB Belgique
0 Catalogue ETH Suisse

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/20(

Représentation des données brutes des principaux fichiers constituant les données
de sismiché dentrée

FIGURE : 3-1
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Version du : 28032002 | Autear : Anna FIORAVANTI  Fichier : figure3-1.cdr

Source : GEO-TER, 2002

Métropole : Séismes de magnitude 2 35 pris en comple peer calesber les parsmétres
des lnis de distribution (& c1 1) retenus pour les eslenks finauy

l FIGURE : 31

Seismicity
catalogue

Data taken into account
for the estimation of
GR parameters

Main issues : magnitudes
(systematic instrumental bias,

historical / instrumental

Catalogues
@ Calalogue ZPGF France i E 2 a 3 E 2 1 i E
O Catalogue GNDT ltalie = 1N e Lo OO
O Catalogue ORB Belgique * G G e 665
e 558 3 s i
—— Contour exteme du zonage AR Pyt g
I i5.4
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1. Seismotectonic model

AFPS-EPAS (1999)

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005
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Zomage cruseal en 82 zones de ba France et des régons froatabiéres

[ FIGURE ; 34

Seismic zones 1

52 zones
(Based on previous work : EPAS)

| Issues : active faults ? |
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1. Seismicity model for each source zone
1500 1999
_ Na}tlonal scale _ S
Estimation of the periods - 5
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Source zone scale %
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[
>
c
c
<
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Zanage ahernatif dela Métropale en 25 zancs. Incertitudes sur kes parsmétres prafondeur]
o magnitude mavimale

Uncertainty in ||| )
seismic parameters
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An example for zoning 2
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I11. Attenuation model of ground-motion

Couple (M,Rqqyrce-site)

Attenuation
’Log(Am):aM+bR—IogR+c (0)‘ relationship: Berge-
Thierry et al. (2003)

Distribution of accelerations, predicted by the attenuation relationship

A

a4 L T
w| PDF /N
[\ !
oo f Y P(A>A%*) at the site
asoe| / ' \: probability of exceedance
0004 1 I\
oD

= I "> log(Acceleration)

logA,, logA*

‘ A* = target acceleration
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Attenuation relationships

Métropole : comparaison des lois d"atténuation - aceélération maximale du sol - d'Ambraseys (1995) et de I'IPSN " .
iy g FIGURE : 51
(1999, coeflicients 2000).
| Probably too close to each other |
1000
| Probably too few | """ COTn
------ IPSN M=4
—— AmbE5 M=5
——IPSN M=5
—— AmbE5 M=6
o me ||
. — Amb85 M=7
- . — PSN M=T
L]
<
o
a
0.10
0.01 U
1 10 100 1000
DISTANGE (KM)
Py | Version du: 26032010 | Avteur: Christophe MARTIN  Fichier #igures-.odr Sauree : GEO-TER, 2002 22

Results

Maps
- 4 return periods: 100, 475, 975, 1975 years
- 5 parameters : pga, Sa(0.2s) Sa(0.5s), Sa(1.0s), pgv

Various sensitivity studies

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005 23
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Peak velocity

Période de retour = 475 ans Période de retour = 1975 ans

3 amis
{20 crnis
{15 cmis
{10 crnis
—(domis
s
& cmis
12 o

.1 anis
el

Ix
o
=
~
-
@
=
s
I~
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Issues

? Overestimation bias
- Magnitude M ;.
- Actual "rock site" conditions in accelerometric data base

? Differences with previous map
- Large extension of "low seismicity" area (Ia)
- ? Low seismicity threshold ?
- Historical events : Provence, Catalogne

? Spectral shapes
- EC8 S1, EC8 S2, another one ?

? Continuity across borders

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005
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Previous map
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sismicite ;
W W Antilles
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GEOTER
study

Carle paa
période de retour 475 ans.
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Outline

1. Data and et Cornell-McGuire method

Variability of hazard estimates (Beauval & Scotti, GRL 2003, BSSA 2004)

m 2. b-value dependence with magnitude range used

3. Impact studies of the parameters choices &
deagregation studies (for the PGA)

4. Global variability

5. Results for frequencies 1, 2 and 5 Hz

Alternative methods

6. Smoothing seismicity model (Woo)

7. Conclusions & Perspectives
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b-value dependence with magnitude
range used
[3.0-4.4] M3.5+ b-value
5 [ = 5 -. I 1.8
" ” a W16
@ = ’1 L . 1 1.4
ger . ' P g ] 4
L & 5 " Eﬂi fé’ . 1.2
& N r# 5 : . 1
i ' Nape! T ~ Wos
@ ' @ — 0.6
Y @ ] M,zhm : [} B e, W ] w:nm 4 ] []
[1962-1999], M, [1500-1999], M, et M, iorical (computed)
Instrumental catalogue Total catalogue
(Beauval & Scotti, GRL, 2003)
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Are slopes significantly different ?

(Utsu’s test [1992], P=99%)

o , in the Rhine Basin, the
Pyrenees, and in Brittany

Annual numbar of avents

.. * YES, in the Alps
o 1 =upto0.8difference

o
94
2
E
.

ul i
af - 5 +8_ h
Pyrenees

= Conservative
option: computing
recurrence curves
with M>3.5

Ll b=1.0616

= n
Longitude

b=1.1739

- B
_ Arnual number of events -

Outline

1. Data and et Cornell-McGuire method

Variability of hazard estimates (Beauval&Scotti, GRL 2003, BSSA 2004)

2. b-value dependence with magnitude range used

® 3. Impact studies of the parameters choices &
deaggregation studies (PGA)

4. Global variability
5. Results for frequencies 1, 2 and 5 Hz

Alternative methods

6. Smoothing seismicity model (Woo)

7. Conclusions & Perspectives
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Impact study of parametric choices

Considered sites: the centres of the

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005

source zones (N=17) o 3% e
& e 4/
| = . /'l
al L e 6 8 f
Parameter | Reference | Alternative o o T =
g . 0 1 e
M-1 correlation Scotti Levret - 11 | 1% el8)
(2001) (1994) T “aemo
“ 27 13SS
G d moti no truncation ?P:_;:g\___ —
round motion | ¢y ncation +26 &l %8sy
M . 35 45 .‘-6 4 2 L] 2 4 L] 8 10
min Longitude
Monax 7.0 6.5
Accl - Acc2
Accl Acc2 Impact =—  x 100
Accl
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Truncation parameter
Distribution for the Acceleration predicted by the attenuation relationship ‘
oo A 1
... PDF /N !
/ P ! VA* up to oo,
""" / 1 N
. /o \,,;' P(A>A¥) %0
oo /o \ -
. / ! 9\/ (probability of exceedance)
T 1 17—
logA,,, logA*
Truncation of the predicted distribution ? ‘
For logA* > logA,,+ No
P(A>A*) =0
+26 <> ground motions with
. A : less than 2.3% probability of
logA,, logA* being exceeded are not taken
into account
35
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Parameters « Mmin » et « Mmax »

’ Magnitude interval ‘

Seismicity rate

Mmin Mmax

Mmin: does not depend on the source zone

Mmax: does depend on the source zone

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005 36
Impact study of parametric choices
Considered sites: the centres of the
source zones
.
e \D
4 3 --'. .-
M e 6 /8
% a5)
) ) Longitude ‘
37
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1. Impact of the choice of the magnitude-intensity
correlation on hazard estimates
Accl - Acc2
Impact =—— x 100
Accl
¥ 25
— [ ]
O 20 fct
(ﬁ .
g- 15, { .
= ol A +_, | M-I Correlation
5.. L ]
0 L]
3468101113“?]?181920232730323? at475yearS
Sites
P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005 38
Impact of the choice of the magnitude-intensity correlation
on hazard estimates
30
25 .l
o\o - \.\l\Q -
3 w
g 15 .So 10
T 13%:"3\\\123?
.5
5 7
%D 50 &0 T a0 80 100
Percentage of instrumental events
(3.5 <M< 4.4) participating in the modelling of recurrence
at 475 years
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19



2. Impact of the choice of truncation

(ground motions with less than 2.3% probability of being exceeded are not taken into

account)
40
35+
o 30!
O\ L ]
"6 25
© ’ ** . Truncation «/2c
Q 20 ? » L ] . L 2 -
g 15 - - VAVS L . 'y .
ol Nl «_, | I-M Correlation
5. L ]
o3‘681011131317181920232?30323?
Sites
at 475 years
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3. Impact of the choice of minimum magnitude

My, 3.5-45]
40
35+
O\o 30
O 25 i
S . | * 4%, . Truncation «o/2c
E | ot VU e M Mmin 3.5/4.5
. 3 1
. . pe ! i 4 | s .
jol-4--N _ ( ['+_y |1-M Correlation
§ .
5 . J \ * . i
o3‘631011131317181920232?30323?
Sites
at 475 years
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PG A médian i 475 ans: branche zonage avee Min hétérogines [3-4.5)
&' [ " T kS o

Sensitivity study : Influence of Mmin
the lower Mmin, the higher the estimated hazard
Clermont-Ferrand, (Mmin= 3.0) : Aix en Provence, (Mmin=4.5).

PGA médinm & 475 ans: branche ranage avee Mmin=4.0
3 i - [ S 1w

0 W W 1% X0 0 W0 30 L
i

Geoter, variable Mmin (generally 3.5)

@0 1M X0 30 M0 30

oy

IRSN, Mmin = 4

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005

A
IRSN
Impact of the choice of minimum magnitude:
correlated with
Muin 3.5 > 4.5
30
Normalised
o2 seismic rate
25 (100x100km)
15
R e
— w03 L
% 15 J¥t ,/"’ N’
o ” 10 i
E o1 .
=10 ~
// 162187 a7
5 /:’I.Cﬁ 23 ®30 0
s @17
é/a/ ®19 .=
0
1 1.5 2 25 3 35
Slope of the recurrence curve at 475 years
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4. Impact of the choice of maximum magnitude

A + » |Truncation /20
“\ | Mmin 3.5/4.5
"s_4 1 1-M Correlation

t . ] Mmax 7.0/6.5

3 4 6 8 101113 16 17 18 19 20 23 27 30 32 37

at 475 years
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Impact of the choice of maximum magnitude:
correlated with B

My 3.5 > 4.5

Normalised
seismic rate
25 oz ' (100x100km)
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Hierarchy of impacts on hazard estimates
different at 10000 years ?

M-I Correlation

Truncation «/2c

Mmin 3.5/4.5
Mmax 7.0/6.5
o at 475 years a at 10000 years
35 35
o % 30, ! !
o\ . A L
— 5 25| A
% " e [ — i A ! ¥
# b4 L R 1
aQ i A e A R
P . . L '. Y
£ s X\ i B X TX T 1
10 4 ' 10 ‘T 1 : . $
.. ¥ * . y . !
51 (] 'y L | 5L * v L .
» P | 1 1
. : . v " - -4 -y 1 . L .
ot 0 E—— L PO | . !
3 4 6 8 101113 16 17 18 19 20 23 27 30 32 37 34 6 8 1011131617 1819202327 30 32 37
Sites Sites
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Key parameters for a probabilistic seismic
hazard estimation in France (for the PGA)

T < 1000 years

Mmin / M-I correlation / truncation

21%

26% 23%

T > 1000 years

M-I correlation / truncation

32% 32%

m Mmax influence is small

< 8% (475 years)
< 14% (10000 years)

N
many PSHA
studies
ignore these
uncertainties
J
studied in all

PSHA sensitivity
studies
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Deaggregation: principle

At a site and for a target A*

Hazard = X . X contribution of (M,R,€)
M R &

Distribution of contributions ?

— according to 1 parameter (M or R or €)

®

— according to 2 parameters (here: M&R)
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Deviation between target and mean : epsilon ()
Distribution for the acceleration predicted by the attenuation relationship ‘

- ,f):\ |

forMR) b\ i £G
0008 i !
- o\
1 W
004 / E \I\

002 ’/ i %\

%5—'_1"-_/ 15 "2 25 B E— Y

logA,, logA*

Deviation from the mean
predicted by the attenuation
relationship, in multiple of &
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Understanding impacts : epsilon deaggregation (g)

’ Distribution predicted by the attenuation relationship ‘

oo

N
II.

PDF _,f-l\ |
o ]
- / L\ &0 Deviation from the mean
- /oy predicted by the attenuation
- f.f’ E "-i relationship, in multiple of ¢
1 I
- // i )(}

logA,, logA*
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Understanding impacts : epsilon deaggregation

T=100, 475, 10000 years

o Correlation : stable impact
o\ o
S T
= .
g " Truncation : Impact /" whenT /
g‘ 18
B
L]
3 4 & 8 W13 |§ 17 18 19 20 23 37 3 &2 37
Sites
100 years 475 years 10000 years
25 25 25
220! +20 20 | 20
5
e 15 15} 15
e
gm- 10 10
8 s} st 1 5
,_.|_| ﬂﬂ (=l |-||—~
0 0k | V] J °
2 o 2 4 & 2 o0 2 4 6 -2 o 2 4 & (Exzonen’le
Epsilon Epsilon Epsilon in the Alps)
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Understanding impacts: magnitude deaggregation

T=100, 475, 10000 years

Impact (%)

3 4 6 8 1011131617 18 10 20 23 27 30 32 37

Mmin : Impact N whenT /

Mmax : Impact /" whenT /

Sites
100 years 475 years 10000 years
30 30 30 —
129 gal 229 gal 594 gal
ES
g 20 20 20
H |
g |
=2 |
g 10 | 10 10
’ Il |m [l
5 | oLl o=
3 4 5 6 7 3 4 6 6 7 3 4 & & 2 (Ex. zone n°16
Magnitude Magnitude Magnitude in the Alps)
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Distance deaggregation
100 years 475 years 10000 years
0
4 % % °
Max of 5 10 19
contribution 25
for each 5 s . 1
distance g
interval
7 0 0o 7
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Distance {km) Distanca (km) Distance (km)
80 80 80
129 gal 229 gal 594 gal
260 60
@
S 40 40
I:2980/0 é
ézo H 90 km 4 ﬂ 60 km 20 40 km
e/ | e/ L/
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120

Distance (km) Distance (km)

Distance (km)
(Ex. zone n°16
in the Alps)
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Radius of influence at 98%

(=maximum distance reached to accumulate 98%
of the contributions to the hazard at the site)

o T=475 years
S0
44+
48+

<)

3 #f

£
F
45_
“
ol
kol (PGA)
41
- -4 -2 2 4 8 10

Longitude
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Radius of influence at 98%
(=maximum distance reached to accumulate 98%
of the contributions to the hazard at the site)

R T - T = -
5t T= 475 years

T= 10000 years

Latitude
=

The contributing
area narrows when
the return period
increases

42/

" _—
-5 -4 -2 0 2 4 5 8 10
Longitude

P.-Y. Bard, C. Beauval & O. Scotti, IAEA / ICTP, Trieste, 02/2005

55

27



Overall variability due to the choice of the 4 parameters

’ Logic tree: exploration of all possible combinations ‘

Ex: 2x5x6x3=180 combinations

Distribution of possible values
40

5 -

Hmean
N
i : x min/max
il = x Percentile
15/85%

15 |

o 30 Ko B a0 P 06 o
PGA (gal)
at 10000y

PGA (en gal)

800

g

g

10 10’

10
return period

Ex: zone of the Alpes
méridionales (n°23)
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Overall variability / « minimum » variability
covs _2
mean
25
20 = Overall variability (choice of the 4
’\c? parameters); ~ stable for all
s L . return periods
C>) *" + . .**«"  uVariability due to catalogue
O 0. Vel | ' uncertainties (magnitude and
| | w |l . location determinations)
" -
9 3 46 8 10111316171819202327303237
Site
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Outline

1. Data and et Cornell-McGuire method

Variability of hazard estimates

2. b-value dependence with magnitude range used

3. Impact studies of the parameters choices &
deagregation studies (at 34 Hz, PGA)
4. Global variability

m 5. Results for frequencies 1, 2 and 5 Hz

Alternative method

6. Alternative method: smoothing seismicity model (Woo0)

7. Conclusions & Perspectives
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And for other frequencies?
Mmin 3.5/4.5
Mmax 6.5/7.0
34 Hz 2 Hz 1 Hz
40, 40 40
1 8 kLS
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X ¥ % 3
~ 28 25
i3] /\/_P/\/\/
gzs 20 .zn _\f_._~h
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10, 19 10 / i ™\
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40 40
/\o\ 1Hz
< 20 1
= 0 Mmax becomes a
S
S a0 20 - key parameter
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And for other frequencies?

Results of the logic tree

=wo o
o ) : The overall variability
D oo oy X increases when the
% e o ! ;% frequency decreases
g 18
3 X ¥ ) :
< W T T
100
1 2 5 34

Frequency (Hz)

Ex: zone Pyrénées occidentales
nord (n°30)
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Outline

1. Data and et Cornell-McGuire method

Variability of hazard estimates

2. b-value dependence with magnitude range used

3. Impact studies of the parameters choices &
deagregation studies (at 34 Hz, PGA)

4. Global variability

5. Results for frequencies 1, 2 and 5 Hz

Alternative methods

m 6. Alternative method: smoothing seismicity model (Woo)

7. Conclusions & Perspectives
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Woo'’s method: a different seismicity model

Seismotestonie-Zonation . Smoothing of past earthquakes
Gutenberg-Rithter curve epicenters locations

Kernel

: Vere-Jones
18

§ ' i ’ Map of seismic rates M=5 ‘

w T ’ D:‘ B *’J \% i 44 - . i
E <o e ™ 2e-6
S BN 43 x i§
S i T

.
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.
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o

I
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]

<

1
[

0
Latitude
Ex. in the Pyrenees (Zone 30)
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Woo’s method: alternative?
o Woo
* Cornell Impact studies
I-M Correlation - Truncation «/2c - Mmin 3.5/4.5
S 30 1 30 I 30)
4
& 20 I\ Jehe 20 ’9"
o ! s P b FOY Lo g o
E & ¥ {184 j .s.ﬁr‘ . L "
— 10f* R 1 10 i
2 Sites ¢ Sites
= similar Impacts
at 475 years
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T = 10 000 years, weighted T = 10 000 years, smoothing
result alone

PGA médian i 10000 ans pour tout Iarbre logique Mmin=[3-4.5]
3 £ (1 by 3 3 3

L} &

4

W

3 Al ..
: < NI
" : %A\ i ol
k L e\ | e
ar I3 - . A

0 W0 N0 M0 0 N0 &0 W 0 W0 X0 N0 A0 N0 M0 T
emis® ok

IRSN
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Outline
1. Data and et Cornell-McGuire method
Variability of hazard estimates
2. b-value dependence with magnitude range used
3. Impact studies of the parameters choices &
deagregation studies (at 34 Hz, PGA)
4. Global variability
5. Results for frequencies 1, 2 and 5 Hz
Alternative methods
6. Alternative method, without zoning (Wo0)
m) 7. Conclusions & Perspectives
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Conclusions

Uncertainties due to the 4 parameters considered have to be
taken into account in every probabilistic seismic hazard study

I-M correlation Key role, V return period & frequency
Ground-motion variability Key role, V return period & frequency

Important impact for T < 1000 years & for PGA
Important impact for f < 5Hz
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Prospects

Attenuation relationship Not studied here, but all sensitivity

| studies in PSHA show a key role

Seismotectonic zonation

Determine upper bounds to earthquake ground motions
(truncating at the same percentage above the mean for all
earthquakes is arbitrary)

Determine attenuation relationships depending on M, in order to
reduce the dispersion o

Until better physical models are obtained,

the uncertainty on hazard estimates might be reduced by:

ﬂ Working on a more appropriate M-I correlation
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