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Summary

The use of probabilistic seismic hazard analysis (PSHA) as a means of quantifying the likelihood of exceeding levels of strong
shaking at a site is widespread, and applications span a range of sectors in industry and society. Given the breadth of
applications, seismic hazard modellers are often confronted with a need to demonstrate consistency between their models and
observations of ground motion across a region. Though testing and validation of a probabilistic seismic hazard curve at a single
site is not feasible with the limited time window of direct and indirect ground motion measures, clear and practical precedents
can be found in the literature for quantitative comparisons of seismic hazard models and data when applied at larger regional
scales. Here, observed exceedances of ground motion across many sites can provide a means to calculate the fit of models to
data for return periods of engineering relevance. Implementation of existing methods in the literature can be challenging,
however, owing to the complexities of modern seismic hazard models, limitations of the observed data, and a lack of available
and transparent tools. The deliverable looks in detail at how we can quantitatively compare seismic hazard models for a region
and how we can assess whether they are consistent with observed ground motions. This effort has lead to the development of
PyPSHATest, an open-source Python toolkit for quantitative model-to-model and model-to-observation comparison
probabilistic seismic hazard results (https://gitlab.pam-retd.fr/lopenmetis/pypshatest). The software features various modules for
comparisons, both at the level of the components of a seismic hazard model and the outputs. We address the challenges in
compiling data sets for comparison of hazard models against observed ground motions to data, focusing on the issue of
observational completeness and how we can make inferences from the available data to fill in the gaps and thus ensure more
robust comparisons. PyPSHATest is explained in detail and its usage illustrated using a real-world case study application to
compare two existing PSHA models covering the territory of metropolitan France: Drouet et al. (2020) and the 2020 European
Seismic Hazard Model (Danciu et al., 2021). These are initially contrasted against each other, using novel metrics to quantify
the model-to-model divergence in distributions of seismogenic sources and resulting exceedance of ground motion. Then using
a specially compile...
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OPENQUAKE

calculate share explore

Job.ini (Configuration)

* Controlling calculation
parameters

* Path to source model
logic tree file

* Path to ground motion
model logic tree file

* Intensity measure
types and levels

* Outputs

Source Model Logic Tree ﬁuﬂm:fdfﬁd‘;
* Source Models & Source Model File
Weights * Source geometries

* Adaptations to
recurrence
parameters* & weights

* Adaptations** to
source geometries &
weights

* Tectonic region types

¢ Magnitude Frequency
Distributions

* Rupture controlling
parameters

* Depth distributions

-

Ground Motion Logic

Tree

¢ Ground motion models
& weights

* Adaptations to ground

motion models

* Hazard Maps
* Uniform Hazard Spectra (UHS)
* Disaggregation

*Some caveats apply — not used here
**Applies to fault sources — not used here

Seismic Hazard
Curves

VHBNE'U) *+8&5%+"'& , "-."*B&OV$8<&'KOBSH65'

PIKNMMLE=>AL 184 A<4#01431:3>:=#09797@4=>4@1;#:A62<3#01>31;L 13#MO0:=0#971#0143427=14=4@ 1 ;#,4 1 :=#T711#
CO# 3:ALL#K=;#5:;1#<09<# @13=T7:813# <014 3427=1# =4@1;# 879A=013# 45# <01# =9;=2;9<:4A# 9A@# <0174 7136 1=<:L 14
M1: 10<3GHOA@KOLEI TA2AQH=>4<:4Ai=>401;#4 1 :=KT1140<01#5:;14013=7.8:A1i014=04:= 144541 TA2 AQ#=>4<4AA#=>4Q@1 #
9A@#71361=<:L1#M1:10<360# Y OAB#DEF""#=>4@1;34=>9B#3:>6;B#015:A1#<01:7#,4 | :=#<7113#93#9#31<#45%9;< 1 TA9<:L 14
>40@1;#=04:=1324 04AM1L17N# 71=1A<# B1973# 09L1# 311A# ~ 61AM29J1# 1K6OAQ# :<3# ;4 1:=# <1114 52A=<:4A9;:<Bi <4
326647<#9@96<98;1#879A=013\#:01004879A=013#54T#M0:=0#16:3<1>:=#2A=17<9: A<B#9#697<:=2;9T#=4=>64 AL A<t 4 T#
6979=>1<17#=9A#81#@13=7:81@0#

V'<#<014527<013<#7: 10<Q09AE@# 3:@1# 45 <014 :AG2<#=4A0: 1 279<:4A# 971#<01#:AQ@:L:@29;#3427=14#=>4@1;#5:;13M 19=0#
@13=7:8:A14697<H#4T#9;;#4549#31:3=>4 1 1A:=#3427T=14=>4@ 1,04 34@13=7:81@4671L.423;BNi9A#AQ:L:@29;#31:3=>4 1 LA:=#
34271=1#=401#=4A<9:A344A1#4T#02329;;B6#=>4T714#31:3=>4 1 LA:=#3427=130#/01#31:3>4 1 1A:=#3427=14=4A<9:A3R#G#
9#2AH21# . @1A<E: 1N A9=1#9A@# 933: 1 A1@#<1=<4A:=#T1 1:4A#<B61#::G#<01# 114 17960:=9;#;4=9<:4 A 454 64< 1A 9;#
197<0H29J1#31:3=>411A13:3M0:=04 =>9B#<9J1#<01#547=# 45 9% +\/#592;<4 32759=14 A T4 O (. 3<7'82<1 (4 31.3>=<B¢
T11:4AKC32=0#9349#2A:54T=#971943421=1#4THI T. Q#4546 4. A<#34 27=130N#::Gk014=9 1 A:<2@1#571H2 1 A=B#@:3<7:82<:4 At
CATH@:71=<#674898:,:<B# 454 4==2TT1A=1# 45 C#726<27130N OA@#:LG#LIT7:423#6979=>1<173#<09<# =>9B#=4A<74;# 04M#
126<2713%6714>#0143427=14971#0:3<7:82<1 @4M:<0#0 1 6<O0N#3=9; 1#M:<0#=>9 1 A:< 2@ 1N#971#4T: 1AL @NOT 1#=4A3<T9: A1 @
8B#=723<9;#<0:=JA133# 1<=04 ""#=4=>67101A3:L 1# @13=T7:6<:4A# =0A# 81#542A@# :A# ~ 61Am29J1(3% @4=2=>1A<9<:4 Ak
CO«<63RSS@4=30461AH29J10471S4H)L1A1:A15=9A29:5,9<1 3<SG0#

"'34<01#=471#48\1=<L1#45DEF""#:3#<4#=9;=2;9<1#<01#674898:;:<B#45¢ LK=11@9A=1#45% 9A# A=T193: A 1# L 1=<4T4 454
1742AQ#=>4<:4 A A<LA3:<B#; 1L 1;3K4#=719<149409797@4=27L LNik0: 34 344 A1 #4560 1#67: > 97B#4 2<6 2<3#45¢~ 61AmM29] 1#
<31;508V161AQ:A144A801#=4A5: 1 279<.AAHAAL#=0AKT1<2TAN23<#<01#=>19A#=2TL 1#514=>#<01#,4 | :=#<TL1N934M1; #
930143 1<#45#=27L134=4T7136 4AQ:A i< 449#,:3<44542317036 1=:5: 1@#H29A<:; 1304~ 6 1Am29J1#=9;=2;9<13¢=>19A#9A@#
H29A<:;13#45#<01#674898:;:<:13#45%1K=11@9A=1#547419=0#45#<0 1# A<1A3:<B#=>193271# 1L 1;3WOA@# <4461 79<1 344 A
<01#9834;2<1#1.9;213#54T# <014 PY 13# OAQ@# Ad<# <01# ;4 197:<0=>#32=0#<09<#<01# =>19A# =271 1#:34<01# M1: 1 0<1@#
97:<0=>1<T:=4=>19A0U74>#<01#31:3>:=#09?97@#=27L13% ~ 61Am29J14=9A#<01A#T1<2TA# 42<62<3#:A=;2@:A1#<01#
2A547=#09797@#361=<712=>#9A@#31:3=>:=#09?97@#=>963\¥M0:=0M 1#09L 14215:A1@#671L.423;B0iP50142317#M:301 34
<44 2A@17<9J1% 9% @:39 1 171 19<:4A% =9;=2;9<.4 A b4TH 9% 31;1=<1@# 3:<1# 47 3:< 13\ <O1A# <0131# 42<62<3# 971# 9;344
T1<2TAL10# ALT=34454<014#9834; 2<1#=4A<T:82<: 4 A 45#19=04#8: A#4#<01#31;1=<1@409?797@# 1L 1,04PA#<0:34#=931#<0 1#
231T4=9A8015:A1#>2,<:6;1#@:39 1 I7TL19<:4A#42<62<34<44#T1<2TANEDATE LK9=>6; 1N#<01#=>971:A9#@:3<7:82<:4A3454T#
=>91A<2@1N @:3<9A=1N¢ >9 1 A:<2@1# r# @:3<9A=1N¢ >9 1 A:<2@1# r# @:3<9A=1# r# VY'Y# _Nit 1<=0¢ ~ A=1# 919: ANt OA#
:A1713<1@4719@1 74 347151771 @#<4#<01# ™ 61AM29J1404=2=>1A<9<:4A8547#527<017#:A547=>9<: 4 A

TO:;14=>9AB#45#<01#519<2713#@13=7:81@4971#9L9:;98; 1#:A#=9AB#DEF""#345<M971\#<0171#971#31L.179;#36 1=:5:=#
=0979=<17:3<:=3#45 ~ 61Am29J1#<09<#971#697<:=2;97;B#71; 1L 9A#54T#<01#=4=>697:34A3481<M1 1A >4@1;34 9A@H#

1B () %) § !



EGHIE#-#, J=#+.$1) 1K, ,"$IL, &13MNOIK#S./+0!
! !

@9<9N¥MO:=0#971#1K6;4:<1@#:A#<01#<44;34@1L1;461@# 017104 /0145:73<#519<2714:3#<01# 1 T42AQ# =>4<4A# =401 ;#
;:8797BN#MO:=0#8493<3#31L179;#02AQ710%# 1 742AQ% =>4<4A#=>401;3#<09<# =9A#9; # 8 L# 1K1=2<1@#L:9# 9% =4>=4 Ak
(A<1T759=10#/014#L93<# =>9\47:<B# 45 1 Y'Y 3#:A#<01#34<M9I71# 9714 7: 147423, Bi<13<1@4 9 1 9:A3#T15171A=14 1 142A@#
>4<AA$L9;213% 9A@SATH :=>6;1=>1A<9<:4A3#514=># 4<01T7# DEF""# 345<M9I71Ns =9J:A14<0:3# 9A# 1361=:9;,B# 74823<#
;:8797B0# /014#=4=>=>4A% A<1759=1#=>9J13# :<# 6433:8;14<4# @1L1;46#52A=<:4A9;<:13#<09<#=9A# 719@:;B#=9;=2;9<1#
=>19A#9A0#3<9AR97@#@1L:9<:4A#A I TA2AQ#=4<:AAEM:<O#9ABEA2=>81T#45%31;1=<1@# ! Y'Y 3MO:=0#09L1#81 1A%
1K6;4:<1@ A 4<01T#  345%<M971# 32=0# 93% <01 “T61Am29J1#¥ Y4@l# J2;@:AlE  /44;0<
CO«<63RSS1:<0280=4=>S5 I XYE=:1A=1/44.354H)=>8<JSC# 9A@# <01# 1VEPY# 6;9547=># CO«<63RSS1I3:=>0157)
64<309=>001504=>1C0#FAMIL1N93#=>43<# 1 Y'Y 34M:;;#09L L#@:551 T1A<4AL 1 @34 A1 7=>3445@13=T7:6<:L1#3427=1N¢
@:3<9A=1# 9A@# 3:<1# 6979=>1<173N# 52;# :A<17461798:;:<B# OA@# =4=>697:34A# T1H2:713# 9% =4=>67101A3:L 14 31<# 45
=>1<9@9<90# "*3# : A =>9AB# =9313# <014 =>1<9@9<9# 971# :A=4=>6;1<1N <0:3# TAH2:7134 5:;;:Al# :A# 19634 474 =9J:Al#
71934A98;1#\2@ 1 1=>1A<34#93#<4#9667467:9<1# 3427=1N4 69<0# 9OA@# 3:< 1467461 7<: 1304 /0:34 M:; # 81# @:3=2331@# : At
527<017#@1<9: # A#OL#ALK<#31=<:4 A0

/01#31=4A@#23152;#519<271#:34 ~ 61LAm29J143#@9<93<471M#MO0:=0#:3#940: 1 00@1A3:<B#8:A97B#CO@5 (G#5:; 1#=719<1@#
547#19=0#=9;=2;9<:4A#: AEMO:=0#=T:<:=9;#: A5 47=>9<: 4 A#454<01#=9;=2;9< 4 A#: 3#3<ATLANHO;; AM: A 1 #:<i<4#8 14T 1<T 1L 1@
9A@S4T#710231@#:A#32831H21A#=9;=2;9<.4A304 T OLA#T2AA:AIEDEF""#=9,=2;9<:4 A3# <#:3#: A0 1#@9<93<471#<09<#
M1#5:A@#<01#=4=>6;1<1#32:<1#45%31:3=>:=#09797@#=27L 13N \/ N 3<471@#: A#OA# 471 9A:31 @4 9A@#9==133:8;149779B#
547=>9<(#V1L1;46=>1AH#45%=401#<09# A<179=<34@:71=<;B#M:<0#<01#@9<93<471#<0742 | O#=4=>=4 A#0@5 (#;:8797: 134
:3#2329;;B#:A9@L:398;1# AM:Al#<4#=09A 1 13#<4#<01# @9<93<471#574=>#173:4AQ<4QL173:4A% 45 ~ 61AmM29J 1N OA#
966;:=9<:4A% 674179=>=Al#:A<1759=1# C''DPG# :3¢ 9L9:,98;14 :A3:@1# ~ 61AmM29J1y3# =4@1# <09<# 9;,4M34# 5474 193B#
T1<T:1L9;#45434=>14#CAT#O;;G# 454 <34 =4 A<LA<304 /014 @9<93<4T1#T1<9: A4 94, A<t 45#: ASAT=>9<: 4 A 984 2<#<01#31:3>=H#
09?97@4=9;=2;9<.4AN#8 2<#9#=>:A:>9:#3 1 <#45#: ASA4T=>9<. 4 Al 40 13=T:81#9#=4>6,;1<1#31:3>:=#09?97@#4 2<6 2<t=> 4@ 1 #
=QA#B81#719@:;B71<T: 1L 1@#OA@# At:<31;5H=9A#4T>#94=4=>69=<# | 1A179;#547=>9<#H4AT#3<AT:A1#09?97@#7132;<34574 >4
4<0174345<M9T71#:5#A11@1@0# /014 1 LA179;#3<72=<271#45<01#b;: 10<M1: 1 O0<c# @9<93<471N¢ MO:=0#9;34#547=3#<0 14
697<#454<01#1 1A179;#09<98931#47#3<4T:AI#DEF""#=>4@1,;3#304MA# A#U: 1 2T1#*04" "#=>471#01<9:;1@# =9 1 1#45<014
b;:10<M1: 10<c#09?797@#@9<9#3<4 71434304 MA# A#U: 1 2714#" MOAQ@#<0:3#=4=>67:313#1: 1 0<#9<«<T7:82<13R#

YW K96£95'60" L &8558 40BE5' 89 = M&+&75" KL AMEN MO:=04 :3% @15:A10% 8B# Of @:71=<ATBH 45 > ;5 #
"96£95"60" GES5$1& "60B&5 " JKL A5/MHCL010MD 1 ""ND 1 qMEHC/GH SOV 19=089%) VEL1=<ATH=4AQ A A
> 06849560 GEB5BIE T&+&75 IKL M5

*0|  DEHEY - "ABH+&5 " JDASI+EEM=AAQ: A3<01#=4>6:1<1#32:<1#4531:3>:=409797@4=27L 134934 9 3:A I : 1#
"\V4OTT9B#45614898:;:<: 134454 1K=11QOA=1¢54T41 9=0#3:<1#45¢> | o, #3:<13V419=04879A=0¢45¢>0g5 /Py ¢
879A=013V# 19=0# :A<LA3:<B# >193271# <B61I OAQ# 19=0# :A<LA3:<B# >193271# ;1L1;0¢ /0:3# 9779B# 093¢
@:>1A34AE/> | ) >085 (/pn. L SLa. | > 04 /014 674898::<BE 45 1K=1109A=1#=4T71364A03¢ <4#<01#
‘AL13<: 19<:4A#:>11#MO:=0#: 340 15:A 104 AOLHAT: 1:AQ#=4A5: 145:; 14 GAG3<AT1049349446(; 1L 1 #9<<T:82<14
458<01409297@4 174264 AROLHFVU (#5:; 104

01 28H8Y > "ABY+& '5686"56'A5 ' IND56865XMT14#<01#31<445#=27L134=4T7711364A@:A1#<44<01#=>19A4=2T7L 1#
9A@#19=0#H29A<; 1445 >0 Ay TLIH2:T1@#H29A<; 130 /01314<4 4497 143<AT1 0% A#O#3:A L 14 " VHOTT9BEM:<O#

@:=>1A3:4ARH> | an 1> can © 31 >1ma L1 OF

"0 Sh-78276°85" ~. " &OALL 2 89A&" JB-&5N T151TH <Ak O 3. AL LE L1=<4T# 45 >.p\ # 23170361=5:10#
674898:;:<:13#45#1K=11@9A=1#M:<0#7136 1=<i4#AL13< 1 9<:4Ai: = 16i09<4971# AL AQL Q#HA T#6 740 2=< 4 Ak
45409?97@%#=>963#9A0#2A:547=>#09?97@#36 1=<7904#

(O VSEI6TEFHTISLTHAROLES AL LAL1=<4THANM >0 oy #23170361=15:1@#H29A<; 13IHMO:=04>23<#<9J 14L.9;213#
SL<M11AHWHOAQ@H)#

0 4887 HEE - 9543494<98; 1iM:<0419=0474Mi=4 A AA 110 14bAT@:A9;CHC0104643:<: AA#45#<01#8T9A=0CI<O 1#
3427=14>401;#4 1:=K<T L LPVICh3><t:QcOMO 11 742A04> A< AA> A1 #PVHCH 1 3:>T:ACCHIAGKOLEML: 1 O
45419=04879A=04574>#>5 sy #8TIA=0130%

=01 576454 :3# <014 <98; 14 454 <971 1<k 3:<1# 674617<:134 5474 19=0# 45 <014 > | 5\ # 3:<130# /01314 :A=;2@1# <014
AAL<201IN9<<2Q1INB4: HETA61T< L3HCL0N04S g MiT i ML<=0GHOA@#4<0LTHIK<T:82<13HA1 1 @1 @HATHROL#T Y'Y O

00 S &HDE534 <018 >pe5 (spn . #LLI=<ATE=AAOA/ATE<OLE M1 10<34547# 19=04# 879A=0# C9;34# O =4, 2> At . At
%&87"HE6"- 95k

1HBHE T () %) # *)!



EGHIE#-#, J=#+.$1) 1K, ,"$IL, &13MNOIK#S./+0!
! !

Hazard Curve Statistics (hstats) Intensity Measure Types and Levels Hazard Curves (hcurves)
(PGA, Sa, etc.) [Nyysr 11

5.0E-4
7.1844406E-4
0.0010323238
0.0014833339
0.0021313848
0.0030625616
0.004400559
0.006323111
0.009085603
0.013054996
0.018758569
0.026953965

\/ l0.02

[NSITES' NBRANCHES’ NIMTS' NIMLS]

[NSITES' NQNTIS + 1’ NIMTS' NIMLS]
C re
e o e sl v @IMTLs —>

02317... 0.01286.. 0.01643.. 0.02471... 00311, 0.03262.
18147... 0.11664... 0134945 0.17445... 02300... 0.26728.
18124... O.11617... 0.13435... 0.17416... 0.2305... 0.26761.

17416... 0.10953... 0.12714... 0.16802... 0.22352...0.25953.
18189... 0.117311...013544... 0.1741391 0.2303... 026762
17749... 0.11209... 012975... 017071... 0.22793...0.26473,
17123... 010787... 012508... 0.16497... 0219615602646,
16931... 0.10621... 0.12270... 0.16146... 0.21882... 0.2534.
17487... 011016... 0.12726... 0.16723.. 0.22509...0.2600.
17139... 010798... 012530... 0.16644... 021941.. 0.25476.
17951... 0.11659... 013323.. 017273... 022798...02658... |
23592...0.16985.. 0.19140.. 0.22586...027674... 03162.
2426.. 017378... 019579... 02335... 02900... 033155... |
2489... 0.18373.. 0.20606...0.24196... 0.28947... 03291
19021... 0.12506... 0.14481... 0.18037... 0.2401... 0.27634... =

=

realizations [Nggancues: 4]

ordinal l sml(_idl gsim_idl weight

weights

0 ABL_ML [KothaE... 5.64125... [0.00989
[NBRANCHESI 1] 1 ABL_ML [KothaE... 2.24974... [0.002103
5.64126... 2 ABL_ML [KothaE... 5.64125... poes [NPOES' 1] [0.00102...
2.24974... 3 ABL_ML [KothaE... 0.00111... S 3.9999...
5.64126... 4 ABL_ML [KothaE... 0.0044... 1.9999E...
% 1.0E-4

[0.00111... 5 ABL_ML [KothaE... 0.00111... sites [NSITESI NPROPERTIES]
[0.0044.. 6 ABL_ML [KothaE... 0.00267...
lo.0o01m sids ] on I at I depml reqmnl vs30 ]vsaorneasureal vt lcuslom_sl!e_ld] 21pt0 l 22015
0.00267. o 6.87717... 4478733 0.0 1 8000 1 N-AIGO 3107 057

~ h 012238... 49.39819 0.0 0 8000 1 1500 N-VILY 3107 057
[0.01065... 2 7.45995... 47.63063 0.0 1 8000 1 1500  4H-R0220 3107 057
0.00267... . 3 7.45014... 47.65766 0.0 1 8000 1 1500  4H-R0320 3107 057
0.00111... quant”es 0.84 a 7.20434... 4768468 0.0 1 8000 1 1500  4H-R30FE 3107 057

.95 5 7.48178... 47.68468 0.0 1 8000 1 1500  4H-R3774 3107 057

poces [NQNTL5’ 1] 3 7.37355... 4767568 0.0 1 8000 1 1500  4H-R4AOF 3107 057 #
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Earthquake Sensors triggered, Raw waveforms Raw waveforms Waveform Entry in
occurs and digital waveforms archived by local available to processing flatfile
shakes sites produced network online services
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