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INTRODUCTION Step 2. Magnitude scale conversion law

The challenge: Probabilistic seismic hazard assessment (PSHA) is based on probability y = 0.85X +0.157 ;  0.29 e Figure: Magnitude scale national
5 . . 3 . c - 2 ] — .
SI-Hex: the existing French catalog in Mw distribution (Gutenberg-Richter law) of earthquakes. PSHA thus requires the establishment of O/ y=0.03x"+0.658 x +0422;50.29 7 conversion laws for Mw, ¢ versus

ML, The events included in the LDG
bulletins are associated to the Mw
catalog events using criteria on the
delay between two origin times

earthquake catalogs with an homogeneously estimated magnitude scale compatible with the ML, data: The seismic events are provided by the Laboratory for Detection and Geophysics e Cara et al. 2017 (1976-2009)
one used to establish Ground Motion Prediction Equations (GMPEs). This double (LDG) Bulletins. We have selected events that occurred between 1976 and 2017 in the FR extended 5t Goertz et al. 2011

: g L , : zone and associated with a « good » estimate of ML, (at least 5 stations and ellipse area < 100 Edwards et al. 2015
requirement, often difficult to reach, led us to re-visit existing catalogs in metropolitan France 5 : : : Grunthal et al. 2009
km?) to develop a national magnitude scale conversion law. '

The Si-Hex catalog (1962-2009) is the first catalog of instrumental seismicity
in Mw published for metropolitan France (Cara et al., 2015, 2017). It
represents a breakthrough in terms of merging all the data collected by the

various French observation services. However, uncertainties remain and neighboring regions. "9__-‘ 4 _ (At,ﬂ5 s)and th,e differences between
. . | epicentral locations (Ad < 100 km).
especially concerning the coherence of Mw at the European level. The ) g We used a general orthogonal
authors found that the Mw of Si-Hex are on average 0.3 units lower than . . Mw - ML ¢ scaling laws: 3r 1 . . .
regression assuming equal variances
the Mw of the European-Mediterranean earthquake catalog (EMEC, Does an alterr.latlve strategy |mprf).ve the COherency v We notice a large dispersion of the observations (nzl) to develop Iingarq(black) and
Griinthal and Wahlstrom, 2012). of Mw estimates and the stability of the GR? ol | polynomial (blue) models. The
v" For the extreme ML, values, the different magnitude conversion laws predict a large conversion laws already published
The sources of uncertainties identified here are the followings: — range of Mw values 1 607 evts | and involving the ML, are
v All Mw values are coming from a magnitude scale conversion: no Step 1: Collection of all available « direct » Mw estimates v For the median ML,y values, our law leads to larger Mw values than the published laws ’ | | | | displayed: SI-Hex (red), ECOS11 -Swiss
«direct” Mw are included and uniformization of them ] > 3 A 5 6 laws (purple) and EMEC (green).

v" For all MLy values, our law predicts larger Mw than the SI-Hex law

. L : List of events from - ini :
v" The ordinary least square regression is employed instead of an e.g. Italian catalogCPTI15 (Gasperini et al., 2012) :

) N . seismic bulletins
orthogonal regression which is more adapted to magnitude = Mw of reference: GCMT and RCMT

published by the _ ‘ \
observatories (origin — = Correction of Mw: +0.05 a NEIC, -0.05 a ETHZ (SED
g specific studies), +0.2 a INGV-TDMT

conversion issue

v' Use of several sources of Mw to develop magnitude scale i i . < _ .- .
Seve > O b Mmas time, location and local DISCUSSION | Regionalization: the unsolved issues
conversion without a verification of the coherency between them magnitude) !
v Use of multiple strategies to estimate Mw leadine to unstable GR e a. the LDG bulletins . o : _ . . , » Previous studies already tried to estimate Mw from local intensity/magnitude measures by
lopes de enIZIin - ti?ne eoion and maenitude rin . -g- Step 2: Defining one magnitude scale conversion law Improved coherency of the Mw values w.r.t. neighboring catalogs | correcting regional attenuation characteristics (e.g., Bakun & Scotti, 2006; Denieul et al.,
P P g , reg g g between the available magnitudes and the Mw of step 1 Sl-Hex This study . | | - | 2015) but application remains limited due to the lack of observations.
. . . lori _ @ Mw_ref S e | -
Goal: Build a new instrumental earthquake catalog for metropolitan (majority of events) e.g. ML_LDG -> Mw B ——— o Mw_ref(MLLDG) Yo ! Mw, s — Mw,, 4
. . T & /s //,,/ : m_g ML_LDG s '/'/ '//,,/ ‘ ‘ ° /7 :
France, as an alternative catalog to SI-Hex based on a single reference Mw ML LOG) . I . . . — ] %22
o p s " op i Figure: Differences between observations ol _ z;_/ ________ A/ __fj _____ | I 1
oo o gl L3 : | e 7 2 ) |
= S Lok - . I (Mw,,) and the predicted Mw from the T S |
g’ e - o g | polyf;eomial national conversion | f\j}f:f"‘wr%“"‘“”ﬁ{;ﬂ x Lt
FONNp % : l - - 501 | _ e | I ]
. " = | magnitude law. The zonation shown here | ST | | 0.6
2 . . = -
o1 1" | is the one used by Denieul et al. (2015) to | 1 | | Lo
Step 1. Building a reference Mw dataset Mw dataset ——— | e Mo o sttt J e : o
coon L Mwref2 | models. Mw_,,, are included in Si-Hex. | \235 o R iR e i ke
An extensive dataset of Mw is collected from several national and foreign agencies or specific studies. | vt N | | N .| ;L &w - o
Heterogeneities exist between these Mw due to the use of different computation methods, input data and BN Mw_ref5 °l | / 6 I _ o T | %, | ;3 | [
L : : - : Mw_ref6 ol i 94 1 » As expected, a regionalization of the R I N —— 1 | |
seismic networks. Firstly, the different sources of Mw are ranked from global to specific studies (see Table). o Mw=3.0 : residuals appears when a national | p | O | .
. . o o w =5. v =} i ) "\\\ | r -0
Then, the Mw estimates are compared to the « Harvard » Mw (GCMT), and finally the Mw values are unified by 6 > = £ s : conversionpllz:w i< used 44~me,{j ]L_‘L “cff' S i
a g g g 9 9 s i // ,/ . I } ; Vel L’L\ 1 -0.6
1 , e _ ) Y ) z s
correcting the systematic discrepancies. oL 2? 27 R » The Mw values of this study are larger : | T o {P{J 'ri\
I Ay e ] : _ -0.8
. i FRext : 2 than SI-Hex for the larger Mw values and ! “ 1 si-Hex zonation - | (SR
- | /'//’//'//'/ . o |
Inter-comparison of Mw values i 1 e are thus more consistent with the ones ! %"“—'“"",?_/_"L ______ '&’&’3" B
Figure: Inter-comparison of the Mw values from different observatories or specific studies ! Y wnew from neighboring catalogs (especially : T 4 2 oz ¢+ & ® 1
according to an upgradeable Mw .. for common events occurring in Europe. A general soon L i o J oy I CPTI15) :
orthogonal regression (GOR) assuming equal variances (n=1) between the two Mw i o o A :
. o o . .o @ a 5 /e % ’/,/ ] o i
datasets is computed for two linear models: i. a classical model (Y=aX+b) and ii. a model | o & by » However, for the smallest Mw values a : Figure: Mw, . versus ML g for the 4 zones. )
. . 1 o, 8 . . . . o o o . : : : . . . .
with the slope forced to be equal to one (a=1; Y=X+b). The second model is preferred, | & ¢ g systematic bias exists with CPTI15 and | ClijImPﬁfISOH 051“,’778 nat{onall conversion law w o ] e . 7
I I H 1 1 evis (all): 35 evts (all): 100
except when the first one explains significantly better the data (lower o) 30°N =K E EMEC when the national conversion is : (blue ’”?) eITe) 12 EEeimel S/BEeie 51 Nevis (ML LDG: 4.5.5): 34 I NevsiLiba:assy a5 7 o o
_ - ‘ . . . ! | used : tendencies (black) obtained with GOR and v
y=1d21x-0d13a;0b00 | y=odesxedtetsohoe | Jyxforxz s | v Inventory and | aslope of 1 for 4<ML,,.<5.5 (range of L4
slyzif-ootieooy L & N ] V=8B X i 0Es Tk 55w A . 1 ' ' ' N
6.5 I | | | 6.5 y_1){|’+o,og1| o,ogl | I o0 | | | ranklng Of Mw - | . |mpr0ved GR . MLps with data available for each zone). 2 |
6 ——F——+——+—— g+ ——- 6 ——F—— 4 — —+——- Y2008 iap | 25°W 15°W 5°W 5°E 15°E 25°E 35°E 45°E e : ' I
s | B BN P e ey e sources statistics "> Fora<Milg | .
AR o R | g 5 > We predict f ' Similar tend SW & NE | |
= = S S e predict for a same = Similar tendencies in I
= | | | | sl L IR R . _ _ Number of S S P | /| , _
5 —— I I 5 R | Observatory / Period Range of Region Applied ointer- | Merging of data added 3 S Mw value a larger rate of | close to the national law S
| | | | Study magnitude correction méthodes| sources e Ele T SEYEy ! Nevts (all): 79 e N evts (all): 393 s
as-——F L L1l 45 St | (EUR/ FR ext) q I = On the contrary, the tendencies 5[ Nevts (ML_LDG: 4-5.5): 68 PC T Nevis (ML_LDG: 4-5.5): 90
’-l | | EUR: 606 kvents | | | EUR: 489 everfis 4 . o & ® f ” d f I ’
7 |1 FRext7gvems A | || FRextBevents a | IE:Z;igfo?;:;fs S 3 ?r Al bkt ar.1 zones (cf. | deviate from the national law for
" a5 5 55 6 65 7 4 45 5M 55 6 65 7 4 5 6 7 2 z Si-Hex zonation) I NW & SE: smaller Mw in NW and ?
Mw w Mw 2 2 I . 2
RCMT GEOFON NEIC = = . . . . = !
L e A L e S — Z 2 » Difference in regional GR : larger in SE
7/ | | | 3 3
65_"j°-%3“ﬂ°-7°6%°°_-°7 L o ssjii;ox—o?iﬁ;(i——'r— 6 o slopes of Mw catalogs l > ForML-.<4 th .
ClvE Tl Y=Txs 002500, | or ML, <4, the national law is
6 R et () S ot are.strongest forthe NW : only constrained by data from SE
| o region whereas GR slope | Y Y ‘ : : : : : .
$ 58 T R [ is stable and closer to 1 : Laldt; of data does r:oh';lallowML ML .
3 3 S S calibrating regional Mw __; -
s 5 1 L S N N N 5 SV G I . SR R S 5 for the ML | ref LDG
\ | | o o LDG
| | | 5 5 | laws.
- | IS T_ Sismoazur - 2.8<Mw  [South of Europe| Mw,~=0.884.Mw : ) » Merging 2 types of Mwis :
L e e B A A~ —————- L 77 i I el Bt R 2014- : 0.07 certainly one source of | . - a : L : : :
2T | EuRfszevins T Jevmfssedms 22 N v FMNEAR - Mediterranean +0.706 " I B! . | [ No regionalization: leads to spatially distributed discrepancies with
35 | \ | | FR ejt: 5 events a5 \ \ | | FR ext: 3 events 3_35 ‘Il 4|5 ; 5|5 e)qﬁt.5e\é¢:ts ) E:n % heterogenE|ty that I . . .
o B, 2 T s e e L ss e e TMw IAG 1984-2013 | 3.2<Mw  llbero —Maghreb) Mw,=Mw+0.02 | 0.15 G s affects the GR behavior: 1 under/over -estimates of Mw values in the SE/NW respectively.
Sismoazur IAG — = I . ’
—— 0o = r— — Mw 3|  I1GN-TDMT 2002- 3.1sMw Spain MW, =Mw+0.1 0.13 Mean 710/115 E E a second source is : ; .. , . _ _
yeossxabaszipore| ) y=odhwxrozricha | | 7 ydoo7axtooss;borr | y 3 . 3 bablv th : . | ] Regionalization: requires defining boundaries and strong hypothesis in
6.5 = Tis 02 A o= s 000 b ygtx-odsooy | INGV-TDMT 2004 2.8<Mw Italy Mw_=Mw+0.24| 0.12 O T e T ARSI 1S LS CI E
. = + ; . = 0 — A — — I R R R D 7 A - = 0> — . . | m—— Nw_ref(ML_LDG) . .
v i / ry=rivoos | 7 | | ref N et S ] nonlinear law : regions where there is a lack of Mw
o }” | T sse——b—— /ot IR R IS B ¥’ S SED-TDMT | 1999-2015 2.8<Mw Switzerland | Mw,,=Mw+0.04 0.15 ! 2 Mw, ML LDG ¢ Mw, ML LDG ® :
g“éss“ﬁ_: T N T I g"‘?é | | Figure: Cumulative number of events per year for the four Si-Hex regions l
| | | 5 ———F—— . —- :
= ST e T = | ! = | | computed for four catalogs: Sl-Hex (red), our catalogs based on LDG bulletins
. I Ny . L"_ R W"’;h Jf Mthm”” bOth,M"‘;ref 0’”‘3’ thedC;’”‘C’;j’rs"OI” MW, ;MLujG (b/“;’)/ 2. Mw ] Perspectives: In the future, the French RESIF network will provide more systematic
4 T e 4l I R D L e ke | only from the conversion (green) and 3. directly ML, (grey). Each curve is : .
e’ IFRem:M];ems sl L || FAemiepms AT T T R levens computed for the same common events. For each point of the blue curve, the evaluation of Mw Oyer the.t_errltory' Howeve_r’ the Chal.lenge of how to b_eSt convert the past
s e e g G e s e T aI histograms gives the percent of data coming from Mw, (light blue) and ML, earthquakes into unified Mw accounting for regional effects remains a challenge.
l — s ————— Mw._{ML dark blue).
° y =0.979 x|+ 0.083 ; 5 0.11 | 7 > y=1.081x-0/166;50.15 | \ // ° y = 0.964 x +/0.285 } 5 0.18| | \ // ref( LDG) ( )
y=1x—0.I04;00.12 i 5_y51_x{:i0_.1i;£0_.15__‘____‘___/_+L/___ |
| 45777L77#77#. ¥//+ Studies for which no comparison is done
| - | | i Direct 1 . = Denieul, M., Sébe, O., Cara, M., & Cansi, Y. (2015). M w Estimation from Crustal Coda Waves Recorded on Analog Seismograms. BSSA, 105(2A),
B Eo e IRSN-Durance | 1998-2007 | 0.6<Mws3.5 D“r?::ncree)g'on (no'event Main references: o3t 50 (2015) 8 g (2A)
\ | | . [ - . . . . . :
} : L . L L L } } " Mw_.6| Godanoetal. | 2010-10-13 provided in at 528/498 Bakun, W. H., & Scotti, O. (2006). Regional intensity attenuation models for France and = Fah D, Giardini D, Kastli P, et al (2011) ECOS-09 Earthquake Catalogue of Switzerland Release 2011. Report and Database. Public catalogue, 17.4.
[ 3'5___I R -¥ + Wt (2013) 2010-11.12 | LAsMws3.15 1 Sempeyre - ) least 2 the estimation of magnitude and location of historical earthquakes. GJI, 164(3), 596-610. 2011. Report SED/RISK
// 20 R ] 1 . 1 1 11 o o o . o o . . .
| | 2 R N E E R I P2 I N D N Grunthal and Wahlstrom (2003); Larroque et al. different Cara M, Cansi Y, Schlupp A et al (2015). SI-Hex: a new catalogue of instrumental seismicity = Gasperini, P, Lolli, B., Vannucci, G., & Boschi, E. (2012). A comparison of moment magnitude estimates for the European—Mediterranean and
| | EUR: bevents A 1| EUR: 10events AT T T T TEuR s evdnis 0 ' ) for metropolitan France. Bull Soc. Géol. France 186:3-19 : :
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