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Main characteristics of OpenQuake

A modular software for
computing earthquake
hazard and risk

Extensively Tested

- TESTING

DO NOT
DISTURB

Open and Transparent
software

™M

open source

Developed in Python
@ python

Toolkits

Seismicity analysis ﬂ
Fault modelling mﬁ

Ground motion analysis
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Use of the hazard component the OQ engine

Regional seismic hazard analysis:

SHARE, EMME, EMCA, CCARA,
SARA, and SSAHARA, Southeast
Asia

National seismic hazard analysis:

- Australia New Zealand

- Canada South Africa
- Colombia Switzerland
-  Ecuador - Taiwan

- ltaly - Turkey

Real time ground-shaking
assessment: Components of OQ
used in the 2.0 version of the
USGS Shakemap system. EU

Aristotle project.

Site-specific studies: Nuclear
earthquake hazard projects in
Europe and Africa
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2018 GEM Global Hazard and Risk Maps

Global Seismic Hazard Map
©)22

Global Earthquake Model

———————— =
0.00 001 002 003 005 008 013 020 035 055 080 1.50

e

Towes ZURICH

. =05 S0raSs e

GEM

GLOBAL
QUARE
MODEL



G
2018 GEM Global Hazard and Risk Maps o

Global Earthquake Model
© GEM

ST

Global Seismic Risk Map
©)22

183N

V2018.1] - CC BY-NC-SA
-150° -120° -90° -80° 30" o % 60°

B GLOBAL
' QUAKE
. MODEL

The Glsbal Eariauks Model (GEM Foundation i work Legot statemonts
s ovosbe  Tho Eortausen Ak Map 2018 = 8 Drost of the GEM Fourdasen. ‘s Floase et work g V. Sk, 0. Amo Ok, A Cakeron, . ntioems, V. Despotatl,  Th a3 crmafinl groduect crasied by (e GOM Foundaton or pubke
Grevents the guogactic duriaton of wwerage sual loss (USCH rorlaws by the  #0ONTICS The Gverage aomel ases 1 umba of UGS we D on 3 Orgaisetcn ke Ecenoni: Co = s L Marsea, A o 1. Samini, O Vgand, C. Yogee Exvada. A Acarede. H. Crowy.
Pessgeed gt Lt Forum = 2006, GEM way W Mool K. Juvent M. Joumeay. 2010 Gt Earaaso Hosel IGEM)
P et Comert sl s Dok ok, GBI Corie. Swicur M e S The SYarags W G3bes WD COMOURD UBG e Feabmad  hded o 8 ubke S soracrshe) wih e . o Soar DO 10.13117/GEM-GLOBAL SESHIC AISK MAP-
i e skt 0 wMnguekes Paricbarts mprwoert falonul menstn o duaser 208
by e GEM Founauion. The s6amic il sapomre i Tarageest imirom. the privain wectr W ibwmatnns cramematiors. GEM et and comy ¥ Tha wo o beansod unw the s of the restve Commors Awbuscn et n ratons tking coen o sarbubs 7ak ssmates dwroed ~eberly.
o afecn o s, otarg The  arabity moces sephoyed o e cakshons wwe proaded by oo eiows Faaces seaung 48 onmaon $houk3 Conlact T Aol auportes tased W
“emates. e o e iyl G 10 DuASRGS G 10 AN, 40 DS A, (s Geveoped Wit T Scope of o bl smame et e
Coubiraorn. Thete Globet agn wvd the Lrdwtyg Geieses e tased o bast e a5 skl e ettty o e GEV Fouren.
ke w0 Uy sccessitle dalmets wnd moden. Due 10 posse mode W) T map,
Tor i, regions pervayed Wi tow rah ptern The craston
e rock condiions (Shea were vwcRy o 760800 . The Gobw Expouire  aarausken. The GEM Fsk Mg 1 e 10 00 & Gy prodhet, wcs Dt i may 40504 0 Foss
e gy Comnucal W0 SO e 3R When new Gataets and Mmodes became duaiati. Fieases of e, e fouarng drec sppbaions G ‘Nene
Ddiinge Tha Gt Seame Filanios 1ap Gepcs s estimats of wvage Vo of tha Sebevi 1k s e A o & Vgl s ASIE G Gewy o e K
T et or Wl Thuws by comrtaonn e profcundly whnowwdged. A camgiet I f T Vi Ferta. 1 - 27100, Pue, Ty Mo o wesbas

‘Sponsors and major contributors
- @pwu @) Z)USAID TUSGS ¥

Vinison ZURICH



OpenQuake Calculation Workflows =

Workflows 1 and 3: Classical Workflow 2: Event-based Workflow 4: scenario-based
PSHA and Disaggregation PSHA hazard
Seismic Haz 1S Tnput
- Seismic sources logic tree
- Ground motion logic tree og
™

g 3

53
| ogic Tree processor S v
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Output information used by
the OQ-engine risk
calculators




Classical PSHA

Probabilistic: All possible
earthquake scenarios of
engineering relevance for the
investigated site are
considered in the analysis

Approach used for
regional/national-scale hazard
assessment, as well as in site-
specific studies.
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OpenQuake input file format =

Natural hazard’s Risk Markup Language (NRML) format

III

Files end in “.xm

A markup language is a set of markup tags

The tags (shown in green) describe document content

<simpleFaultSource tectonicRegion="Active Shallow Crust" id="1234" name="ITCS044">
<simpleFaultGeometry>

<magScaleRel>WC1994</magScaleRel>
<ruptAspectRatio>1.0</ruptAspectRatio>

<truncGutenbergRichterMFD minMag="5.0“ maxMag="6.5" bValue="1.31"aValue="4.28" /> I?:Q'é
<rake>90.0</rake> DDEL

</simpleFaultSource>



Hazard Calculation Input files

job.ini

r (configuration file)

ssmLT.xml

(source model logic tree)

!

ssm.xml

(seismic sources)

-

gmmLT.xml

(ground motion logic tree)

C

GMPEs from:

https://docs.openquake.org/oq-

engine/master/opengquake.haza

rdlib.gsim.html

Note: files can use any name; these are the standard names (keeping extensions)

GEM


https://docs.openquake.org/oq-engine/master/openquake.hazardlib.gsim.html

GEM : _
= OpenQuake-engine: seismic

EARTHQUAKE
MODEL

source definition and
rupture calculation

GEM Hazard Team

hazard@globalquakemodel.org
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Hazard Calculation Input files

ssm.xml
(seismic sources)

GEM


https://github.com/gem/oq-engine/tree/master/openquake/hazardlib/gsim

L. . GEM
Seismic sources: essential parameters -

1. Source geometry

— Typology, location

2. Magnitude-scaling relationship:

— Required for finite (3D) rupture
modelling

3. Magnitude-frequency distribution:

— Frequency of occurrence of the GLOBAL

QUAKE
MODEL

) |

earthquakes generated by a
specific source




° ° ° ° _GEM
An important distinction

» Seismic “source” vs "“rupture”

A seismic source can host many possible ruptures

Seismic Source

Fault Trace
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GEM
Seismic sources: Source Typologies in OpenQuake -
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GEM
Magnitude scaling relationships (MSR) -

« All sources typologies in OQ generate “finite ruptures” (i.e. 3D
rectangular planes)

* Rupture area is computed using a MSR, e.g. Wells and
Coppersmith, 1994 (WC1994)

9 T 'I\llllll T 'lF!IIII L T_TII‘III‘ T LR RAL
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= | 148 EQs 5 537 1
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GLOBAL
%7 M =407 + 098*0g(RA) | (finite ruptures) QUAKE
4 Ll J_)]_IJ]J_ 1 i IILIlLi L 1 Ill.|l|| L Lol Ll MODEL

1 10 100 10°% 104
Rupture Area (km?2)

MSRs in OQ: http://docs.openquake.org/og-hazardlib/master/openquake.hazardlib.scalerel.html D


http://docs.openquake.org/oq-hazardlib/master/openquake.hazardlib.scalerel.html

GEM
Magnitude-frequency distribution (MFD) —

MFDs supported in OQ are:

____________1

I Double truncated Gutenberg-Richter

« Evenly Discretised MFD

* Youngs and Coppersmith (1985)

> All represented in discrete form

MFDs in OQ: http://docs.openguake.org/og-hazardlib/master/openquake.hazardlib.mfd.html D >


http://docs.openquake.org/oq-hazardlib/master/openquake.hazardlib.mfd.html

GEM
Double truncated Gutenberg-Richter MFD —

Mmin
Parameters:

« a-value: log of the number of
earthquakes with M > 0

e b-value

*  Minimum magnitude (Mmin)

Number of eqks, N(m) [ev/yr]

*  Maximum magnitude (Mmax)

« Note: bin widlth is specified

in the job.ini

Magnitude, m []

The xml syntax (the order of xml| parameters doesn’t matter):
<truncGutenbergRichterMFD avalue="5.0" bValue="1.0" minMag="5.0" maxMag=“0.5" />

<truncGutenbergRichterMFD minMag="5.0" maxMag="0.5" avalue=“5.0" bVvalue="1.0" />



GEM

OpenQuake-engine: seismic source definition and rupture
calculation

Source Typologies
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Point Source
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. GEM
Point source

- The simplest source typology in OQ

- Used to model distributed seismicity, e.qg.

through an area source

- As with all sources in OQ, ruptures are extended
(despite being called “point” source)

GLOBAL
QUARE
MODEL
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<gml:Point>
<gml:p0s>0.0 0.0</gml:pos>
</gml:Point>

<upperSeismoDepth>2.0</upperSeismoDepth>

N

Earth surface

N

>

Seismogenic layer

<€

<hypoDepthDist>
<hypoDepth probability="1.0" depth="7.0" />
</hypoDepthDist>

'

<lowerSeismoDepth>12.0</lowerSeismoDepth>

Depths in km

Source geometry definition Coordinates in lon, lat

~ J /




: : GEM
Point Source — Example of input file -

<pointSource id="1234" name="Point Source”

<pointGeometry>

<gml:Point> |
I <gml:p0s>0.0 0.0</gml:pos>

</gml:Point> [
[ <upperSeismoDepth>2.0</upperSeismoDepth> I

<lowerSeismoDepth>12.0</lowerSeismoDepth>
|_ </pointGeometry>__ __ e e e e e e e o = ]
<magScaleReI>WC1994</magScaIeReI>
<ruptAspectRatio>1.</ruptAspectRatio>
<truncGutenbergRichterMFD

aValue="0.1" bvalue="1.0" minMag="5.0" maxMag="6.5" />

<nodalPlaneDist>

<nodalPlane probability="1." strike="0.0" dip="90.0" rake="0.0"/>
</nodalPlaneDist>

<hypoDepth probability="1." depth="7." /> QUAKE

L </hypoDepthnist>__. ‘oRo

</pointSource>

Source geometry D >



: : GEM
Point Source — Example of input file -

<pointSource id="1234" name="Point Source”

tectonicRegion="Active Shallow Crust">

<pointGeometry>
<gml:Point>

<gml:p0s>0.0 0.0</gml:pos>

</gml:Point>
<upperSeismoDepth>2.0</upperSeismoDepth>
<lowerSeismoDepth>12.0</lowerSeismoDepth>

I <magScaleRel>WC1994</magScaleRel>

<ruptAspectRatio>1.</ruptAspectRatio> I
| <truncGutenbergRichterMFD
aValue="0.1" bvalue="1.0" minMag="5.0" maxMag="6.5" /> |
I <nodalPlaneDist>
I <nodalPlane probability="1." strike="0.0" dip="90.0" rake="0.0"/> I
</nodalPlaneDist> [
“=hypoDePthDIstS — — — = = = = = = m m m m m = T e
<hypoDepth probability="1." depth="7." /> QUAKRE
</hypoDepthDist> L

</pointSource>

Seismicity occurrence (rupture generation) D )



<truncGutenbergRichterMFD
aValue="0.1" bvalue="1.0"
minMag="5.0" maxMag="6.5"
/>

<magScaleRel>WC1994</magScaleRel>
<ruptAspectRatio>1.0</ruptAspectRatio>
<nodalPlaneDist>
<nodalPlane probability="1.0"
strike="0.0" dip="90.0" rake="0.0" />
</nodalPlaneDist>

Earth surface

>

Seismogenic layer

ﬁ

Shape specified by
rupture aspect ratio
(ratio between

length and width)




<magScaleRel>WC1994</magScaleRel>
& <ruptAspectRatio>1.0</ruptAspectRatio>
<nodalPlaneDist>
<nodalPlane probability="1.0"

<truncGutenbergRichterMFD
aValue="0.1" bvalue="1.0"
minMag="5.0" maxMag="6.5"

/>

strike="0.0" dip="90.0" rake="0.0" />
</nodalPlaneDist>

Earth surface

>

Seismogenic layer

<€




<truncGutenbergRichterMFD
aValue="0.1" bvalue="1.0"
minMag="5.0" maxMag="6.5"
/>

<magScaleRel>WC1994</magScaleRel>
<ruptAspectRatio>1.0</ruptAspectRatio>
<nodalPlaneDist>
<nodalPlane probability="1.0"
strike="0.0" dip="90.0" rake="0.0" />
</nodalPlaneDist>

Earth surface

>

Seismogenic layer

<€

The rupture aspect ratio is used to constrain the
initial rupture shape. When this conflicts with
the seismogenic layer, the rupture is reshaped to

to conserve the area as given by the MSR
~ J

/




- GEM
Defining rupture planes

Strike slip

<nodalPlaneDist>
<nodalPlane probability="1.0" strike="0.0"
dip="90.0" rake=“180" />
</nodalPlaneDist>

Reverse

<nodalPlaneDist>
<nodalPlane probability="1.0" strike="0.0"
dip="45.0" rake="90" />
</nodalPlaneDist>




Defining multiple rupture planes

GEM

ruptures”

Multiple nodal planes are sometimes called “spinning

Used to consider (aleatory) uncertainty of ruptures

planes, if there isn’t a predominant rupture orientation

<nodalPlaneDist>

<nodalPlane probability="0.25"

dip="90.0" rake="0.0" />

<nodalPlane probability="0.25"

= dip="90.0"rake="0.0" />

dip="90.0"rake="0.0" />
</nodalPlaneDist>

//4 <nodalPlane probability="0.25"
\ | dip="90.0"rake="0.0" />

o <nodalPlane probability="0.25"

strike="0.0"
strike="45.0"
strike="90.0"

strike="135.0"

) |



GEM
Defining multiple hypocentral depths -

 Used to consider (aleatory) uncertainty of
hypocentral depth

<hypoDepthDist>
<hypoDepth probability="0.5" depth="10.0" />
<hypoDepth probability="0.5" depth="15.0" />
</hypoDepthDist>

GLOBAL
QUARE
MODEL

D)




: GEM
Point source — summary of parameters -

The coordinates of the point (longitude and latitude) [degrees]

The upper and lower seismogenic depths [km]

A magnitude-frequency distribution (e.g. Gutenberg-Richter)

A magnitude-scaling relationship (e.g. Wells and Coppersmith, 1994)
A rupture aspect ratio (e.g. 1)

A diistribution of nodal planes i.e. one (or several) instances of the
following set of parameters. All probabilities must sum to 1

— strike [degrees]
— dip [degrees]
— rake [degrees]

A diistribution of hypocentral depths [km]i.e. one (or several) instances. All g7k

MODEL

) |

probabilities must sum to 1



GEM

Area Source
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GEM
Area source

- Area sources rely almost entirely on point source
implementation.

- In the OQ-engine an area source is a set of equally
spaced point sources

- Typically used to model seismicity occurring over
wide areas where identification/characterization of

GLOBAL

single fault structures is difficult. QUAKE
MODEL

D)



Area Source — Example of input file

<areaSource id="1234" name="Zone20” tectonicRegion="Cratonic">
|| || || | || || || || || ||

<areaGeometry>
<gml:Polygon>
<gml:.exterior>
<gml:LinearRing>
<gml:posList>
133.5-22.5133.5-23.0 130.75 -23.75 130.75 -24.5 133.5 -26.0
133.5-27.0 130.75 -27.0 128.977 -25.065 128.425 -23.436
126.082 -23.233 125.669 -22.351 125.4 -20.5 125.75 -20.25 126.7
-21.25128.5 -21.25 129.25 -20.6 130.0 -20.6 130.9 -22.25 133.0
-22.0133.5-22.5
</gml:posList>
</gml:LinearRing>
</gml:.exterior>
</gml:Polygon>
<upperSeismoDepth>0.0</upperSeismoDepth>
<lowerSeismoDepth>15.0</lowerSeismoDepth> S ource g eom etry

</areaGe

ometm
S s . I IIE IS IS IS I B IS S B B B B S .

GEM
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GEM
Area source boundary

<gml:Polygon>
<gml:exterior>
<gml:LinearRing>
<gml:posList>

</gml:posList>
</gml:LinearRing>
</gml:.exterior>
</gml:Polygon>

Rupture Grid\ . .4‘..;
Yyt la Ty
o

GLOBAL
QUARE
MODEL
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Area Source — Example of NRML definition

GEM

Seismicity occurrence
(rupture generation)

| | | | L __ | __ | | | | | | | | | | | | | | | | | | | | | | | | | | | |
<magScaleRel>WC1994</magScaleRel> I

<ruptAspectRatio>1.0</ruptAspectRatio>

<truncGutenbergRichterMFD aValue="2.6218375188" bValue="0.763" maxMag="6.5" minMag="5.0"/>

<nodalPlaneDist> I
<nodalPlane dip="90.0" probability="0.25" rake="0.0" strike="0.0"/> GLOBAL
<nodalPlane dip="90.0" probability="0.25" rake="0.0" strike="45.0"/> QUAKE
<nodalPlane dip="90.0" probability="0.25" rake="0.0" strike="90.0"/> MODEL
<nodalPlane dip="90.0" probability="0.25" rake="0.0" strike=“135.0"/>

</nodalPlaneDist>

[
<hypoDepthDist> I
<h Depth depth="7.5" probability="1.0"/> .
chypoDepthpist> Same as for point source | D



GEM
Area source — summary of parameters -

A polygon defining the external border of the area (i.e. a list of
Longitude-Latitude [degrees] coordinates)

The upper and lower seismogenic depths [km]

One magnitude-frequency distribution (e.g. Gutenberg-Richter)

One magnitude-scaling relationship (e.g. Wells and Coppersmith, 1994)
One rupture aspect ratio (e.g. 1)

A distribution of nodal planes i.e. one (or several) instances of the
following set of parameters. All probabilities must sum to 1

— strike [degrees]

— dip [degrees]
— rake [degrees] OLOBAL
MODEL

A distribution of hypocentral depths [km] i.e. one (or several) instances.
All probabilities must sum to 1

) |



Simple fault source

GEM
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Simple Fault Source

- The most common source type used to model
shallow faults

- "simple” is related to the geometry of the source
which is obtained by projecting the fault trace (i.e. a
line) along a dip direction, forming planar surfaces

GEM
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<gml:LineString>
<gml:posList>
9.21602706445 45.1555287905

9.25645636929 45.1877167851 ...

</gml:posList>
</gml:LineString>

<upperSeismoDepth>2.0</upperSeismoDepth>

Fault surface

<lowerSeismoDepth>7.0</lowerSeismoDepth>




<gml:LineString>
<gml:posList>
9.21602706445 45.1555287905
9.25645636929 45.1877167851 ...

</gml: i '
gml:posList> <upperSeismoDepth>2.0</upperSeismoDepth>

</gml:LineString>

-------------

ooooooooooo
ooooooooooooooo

. e
oooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooo
----------------------------------

oooooooooooooooooooooooo

Fault mesh

<lowerSeismoDepth>7.0</lowerSeismoDepth>




GEM
Simple Fault Source — Example of input file -

<simpleFaultSource tectonicRegion="Active Shallow Crust"
1Id="1234" name="ITCS044">

<simpleFaultGeometry> S_ - - == t_ - T = =
<gml:LineString> ource geomelry

<gml:posList>
9.21602706445 45.1555287905
9.25645636929 45.1877167851 ...
</gml:posList>
</gml:LineString>
<dip>30.0</dip>
<upperSeismoDepth>2.0</upperSeismoDepth>
<lowerSeismoDepth>7.0</lowerSeismoDepth>
L </simpleFaultGeometry>

| | | | | | | | | | | | J
“<magScaleRel>WC1994</magScaleRel>

<ruptAspectRatio>1.0</ruptAspectRatio> .
<truncGutenbergRichterMFD maxMag="6.5" bValue="1.317" Sgﬁ'éf

aValue="4.28448" minMag="5.0"/>
<rake>90.0</rake>

</simpleFaultSource> D >



- : : GEM
Simple Fault Source — Example of input file -

Seismicity occurrence
(rupture generation)

__________________q

<magScaleRel>WC1994</magScaleRel>

I <ruptAspectRatio>1.0</ruptAspectRatio> I S

I <truncGutenbergRichterMFD maxMag="6.5" bValue="1.317" [ L

| aValue="4.28448" minMag="5.0"/>
<rake>90.0</rake> I

I </simpleFaultSource> | D >

e e e e e e e e e e e e e e e e e o =



<truncGutenbergRichterMFD
maxMag="6.5" bValue="1.317" o
aValue="4.28448" minMag="5.0"/>

<magScaleRel>WC1994</magScaleRel>
<ruptAspectRatio>1.</ruptAspectRatio>

N

Annual occurrence rate

5.6 5.8 6.0
Magnitude




<truncGutenbergRichterMFD
maxMag="6.5" bVvalue="1.317"
aValue="4.28448" minMag="5.0"/>

o <magScaleRel>WC1994</magScaleRel>
<ruptAspectRatio>1.</ruptAspectRatio>

N




<truncGutenbergRichterMFD
maxMag="6.5" bValue="1.317"
aValue="4.28448" minMag="5.0"/>

<magScaleRel>WC1994</magScaleRel>
<ruptAspectRatio>1.</ruptAspectRatio>

Annual occurrence rate

5.6 5.8 6.0
Magnitude




<truncGutenbergRichterMFD
maxMag="6.5" bValue="1.317" o
aValue="4.28448" minMag="5.0"/>

<magScaleRel>WC1994</magScaleRel>
<ruptAspectRatio>1.</ruptAspectRatio>

N

0.0014

0.0012

0.0010

Annual occurrénce rate

5.6 5.8 6.0
Magnitude




<truncGutenbergRichterMFD
maxMag="6.5" bValue="1.317"
aValue="4.28448" minMag="5.0"/>

<magScaleRel>WC1994</magScaleRel>
<ruptAspectRatio>1.</ruptAspectRatio>

Annual occurrence rate

5.6 5.8 6.0
Magnitude




GEM
Simple Fault Source— summary of parameters -

A horizontal fault trace (polyline). It is a list of longitude-latitude tuples
[degrees]

Dip angle (specified following the *Aki-Richards convention; see Aki and
Richards, (2002)) [degrees]

The upper and lower seismogenic depths [km]

One magnitude-frequency distribution (e.g. Gutenberg-Richter)

One magnitude-scaling relationship (e.g. Wells and Coppersmith, 1994)
One rupture aspect ratio (e.g. 1)

Rake angle [degrees]

GLOB;
QUAKE
MODEL

* The Aki & Richards convention requires that the order of the coordinates of
the fault trace should be such that if we were to walk a path along the
coordinates the fault should be dipping to the right. D >



Source Model Logic Tree

GEM
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Hazard Calculation Input files

ssmLT.xml

(source model logic tree)

GEM


https://docs.openquake.org/oq-engine/master/openquake.hazardlib.gsim.html

: GEM
Source model logic tree

 The source model logic tree file points to the
seismic source model(s)

* Used to formally specify the epistemic
uncertainties in the source model

* Every logic tree branch represents one complete
source model

 Every branch is assighed weights expressing the
degree of belief in that model.



: GEM
Source model logic tree

Example 1: One source model

Branch 1: ssm.xml Only 1 source model file
(weight =1.0) means epistemic uncertainty
is not considered

<logicTree logicTreelID="1t1">
<logicTreeBranchinglLevel branchinglLevelID="h11">
<logicTreeBranchSet uncertaintyType="sourceModel"” branchSetID="bhsl">
<logicTreeBranch branchID="bl"=>
<uncertaintyModel>ssm.xml</uncertaintyModel>

<uncertaintyWeight=1.0</uncertaintyWeight= BAL
</logicTreeBranch> KE
</logicTreeBranchSet> EL

</logicTreeBranchinglLevel>
</logicTree>




Source model logic tree

Example 2: Two alternative source models

Branch 1: ssm1.xml

< weight (0.5) >1 source mod.el file

means epistemic

Branch 2: ssm2.xml uncertainty is considered
weight (0.5)

<logicTree lbgicT}eefD:“ltl”;
<logicTreeBranchingLevel branchinglLevelID="bl1">

<logicTreeBranchSet uncertaintyType="sourceModel" branchSetID="bsl"=>

<logicTreeBranch branchID="bl">
<uncertaintyModel=ssml. xml</uncertaintyModel=
<uncertaintyWeight=0.5</uncertaintyWeight>
</logicTreeBranch=
<logicTreeBranch branchID="bz2">
<uncertaintyModel>ssm2.xml</uncertaintyModel>
<uncertaintyWeight=0.5</uncertaintyWeight>
</logicTreeBranch=
</logicTreeBranchSet>
</logicTreeBranchingLevel=
</logicTree>

GEM




Ground Motion Logic Tree

GEM
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GEM
Hazard Calculation Input files

gmmLT.xml

(ground motion logic tree)

GMPEs from:
https://docs.openquake.org/oq-

engine/master/openquake.hazar
dlib.gsim.html

D)


https://docs.openquake.org/oq-engine/master/openquake.hazardlib.gsim.html

: : GEM
Ground motion logic tree

 The ground motion logic tree file points to the
GMPE(s)

* Used to formally specify the epistemic
uncertainties in the ground motion

 Every logic tree branch represents one GMPE

 Every branch is assigned weights expressing the
degree of belief in that GMPE



: : GEM
Ground motion logic tree

Example 1: One source GMPE

Only 1 GMPE means
Branch 1: BooreAtkinson2008 epistemic uncertainty

(weight =1.0) is not considered

<logicTree logicTreeID='111'>
<logicTreeBranchingLevel branchingLevelID="bl1">
<logicTreeBranchSet uncertaintyType="gmpeModel" branchSetID="hbs1"
applyToTectonicRegionType="Active Shallow Crust"s
<logicTreeBranch branchID="bl"=>
<uncertaintyModel=BooreAtkinson2888</uncertaintyModel>

<uncertaintyWeight=1.8</uncertaintyWeight= LOBAL
. UAKE
</logicTreeBranch= BoEL

</logicTreeBranchSet>
</logicTreeBranchingLevel=
</logicTree=




Ground motion logic tree

Example 2: Two alternative GMPEs

Branch 1: BooreAtkinson2008 > 1 GMPE means

< weight (0.5) epistemic uncertainty
is considered

Branch 2: ChiouYoungs2008
weight (0.5)

<logicTree logicTreelID='[11'>
<logicTreeBranchingLevel branchingLevelID="bl1">
<logicTreeBranchSet uncertaintyType="gmpeModel" branchSetID="bs1"
applyToTectonicRegionType="Active Shallow Crust"=
<logicTreeBranch branchID="b11">
<uncertaintyModel>BooreAtkinson2888</uncertaintyModel>
<uncertaintyWeight=0.5</uncertaintyWeight>
</logicTreeBranch=
<logicTreeBranch branchID="bl2">
<uncertaintyModel=ChiouYoungs2008</uncertaintyModel>
<uncertaintyWeight=>8.5</uncertaintyWeight>
</logicTreeBranch>
</logicTreeBranchSet>
</logicTreeBranchingLevel>
</logicTree>

GEM



GMPEs in OpenQuake GEM

openquake 3.5.0 documentation » openquake.hazardlib package » previous | next | m

OpenQuake includes Table of Contents openquake.hazardlib.gsim package
one of the most

comprehensive libraries
of GMPEs (“GSIMs”) for
the most common
tectonic regions
considered in SHA e.g.
active shallow crust,
stable continental region,
subduction interface,
subduction inslab, with
100+ GMPEs

Ground-shaking intensity models

abrahamson_2014

Module exports sbrahamsonetal2014
AbrahamsonEtA12014RegCHN AbrahamsonEtAl2014ReqIJPN AbrahamsonEtAl2014ReqTWN

class openquake .hazardlib.gsim. abrahamson_2014. AbrahamsonEtA12014 (”kwar‘gs)
Bases: openquake.hazardlib.gsim.base.GMPE

Implements GMPE by Abrahamson, Silva and Kamai developed within the the PH
Project. This GMPE is described in a paper published in 2014 on Earthqual
Volume 30, Number 3 and titled ‘Summary of the ASK14 Ground Motion Relatio
Crustal Regions'.

COEFFS = <openquake.hazardlib.gsim.base.CoeffsTable object>
Coefficient tables as per annex B of Abrahamson et al. (2014)

CONSTS = {"h1" 0.25, 'h2": 1.5, 'h3" -0.75, 'm2" 5.0, 'n" 1.5}
equation constants (that are IMT independent)

DEFINED FOR INTENSITY MEASURE COMPONENT = 'Average Horizontal (RotD5)

Supported intensity measure component is orientation-independent averagg
rotD50, S€€ page 1025.

DEFINED_ FOR_INTENSITY MEASURE TYPES = frozer|
‘openquake.hazardlib.imt. PGV">, <class ‘openquake.hazardiib.imt. PGA"™>,
‘openquake.hazardlib.imt. SA"=})

b
b
b
b
b
b
b
b
b
b
b
b
bra

To access the GMPE Library go to: https://docs.openguake.org/og-
engine/master/openquake.hazardlib.gsim.html



https://docs.openquake.org/oq-engine/master/openquake.hazardlib.gsim.html

GEM
Example: Bindi et al., 2011 -

bindi_2011
N ame — Module exports BilldiEt.nlm)

class openguake.hazardlib.gsim.bindi 2011. BindiEtA12011 ( **kwargs) [SOU rce]

Bases: openquake .hazardlib.gsim.base .GMPE

Implements GMPE developed by D.Bindi, F.Pacor, L.Luzi, R.Puglia, M.Massa, G. Ameri, R. Paolucci and
published as “Ground motion prediction equations derived from the Italian strong motion data”, Bull

Descri ptio N — Earthquake Eng, DOI 10.1007/s10518-011-9313-z. SA are given up to 2 s. The regressions are developed

considering the geometrical mean of the as-recorded horizontal components
COEFFS = <openquake.hazardlib.gsim.base.CoeffsTable object>

DEFINED FOR INTENSITY MEASURE COMPONENT = ‘Average horizontal'
Supported intensity measure component is the geometric mean of two horizontal components

DEFINED FOR_INTENSITY MEASURE TYPES = frozensef({<class 'openquake.hazardlib.imt.PGA">, <class
‘openquake.hazardlib.imt. SA"=, <class ‘openquake.hazardlib.imt.PGV'=})

Set Of intensity measure types this GSIM can calculate. A set should contain classes from module
openguake .hazardlib.imt.

DEFINED FOR STANDARD DEVIATION TYPES = frozensef({Infer event' 'Intra event' 'Total})
Supported standard deviation types are inter-event, intra-event and total, page 1904

Tectonic
q DEFINED_ FOR TECTONIC REGION TYPE = Active Shallow Crust'

reg|o n Supported tectonic region type is ‘active shallow crust’ because the equations have been derived from
data from ltalian database ITACA, as explained in the ‘Introduction’.

REQUIRES DISTANCES = frozensel({rjb’})
Required distance measure is RRup (eq. 1).

REQUIRES RUPTURE PARAMETERS = frozensef({'mag’, rake’})
Required rupture parameters are magnitude and rake (eq. 1).

REQUIRES_SITES_PARAMETERS = frozenset({'vs30')
Required site parameter is only Vs30



GMPEs in OpenQuake

* The name(s) after “module exports” is the name that
should be specified in the ground motion logic tree

* Examples:

GMPE name to be used
bindi_2011 BindiEtAI2011
boore_atkinson_2008 BooreAtkinson2008
chiou_youngs 2014 ChiouYoungs2014
akkar_2014 AkkarEtAIRjb2014
AkkarEtAIRepi2014

AkkarEtAIRhypo2014

GEM



Hazard Calculation Input files

job.ini

(configuration file)

GEM


https://docs.openquake.org/oq-engine/master/openquake.hazardlib.gsim.html

Job.ini

[general]
description = Seismic hazard analysis for Italy - simplified model
calculation_mode = classical

[geometry]
region = 5.7 47, 5.7 35, 18 35, 18 47
region_grid_spacing = 20

[calculation]

source_model_logic_tree_file = ssmLT.xml

gsim_logic_tree_file = gmmLT.xml

investigation_time = 50.0

intensity_measure_types_and_levels = {
"PGA": [0.005, 0.0098, 0.0192, 0.0376, 0.0738, 0.145, 0.284, 0.556, 1.09, 2.13],
"SA(0.1)": [0.005, ©0.0098, 0.0192, 0.0376, 0.0738, 0.145, 0.284, 0.556, 1.09, 2.13]}

truncation_level = 3

maximum_distance = 200

[erf]

rupture_mesh_spacing = 2
width_of_mfd_bin = 0.2
area_source_discretization = 10.0

[site_params]
reference_vs30_value = 800.0
reference_vs30_type = measured

reference_depth_to_2pt5km_per_sec = 5.0
reference_depth_to_lptOkm_per_sec = 100.0
[output]

poes = 0.1

mean_hazard_curves = true
quantile_hazard_curves = 0.15 0.5 0.85
hazard_maps = true
uniform_hazard_spectra = true
export_dir = .

GEM

GLOBAL
QUARE
MODEL



Job.ini

[general]
description = Seismic hazard analysis for Italy - simplified model

calculation mode = classical

e Calculation description
e Calculation type (in this course we perform classical PSHA)

[geometry]
region = 5.7 47, 5.7 35, 18 35, 18 47

region_grid_spacing = 20

 Geometry of calculation sites defined by a polygon
(longitude-latitude) and a distance (in km) to be used to
discretize the polygon area into individual sites

GEM



Job.ini GEM

[calculation]
source_model_logic_tree file = ssmLT.xml

gsim_logic_tree_file = gmmLT.xml

Points to the seismic source and ground motion logic tree files

investigation_time = 50.0

Investigation time of the calculation (in years)

GLOBAL
QUARE
MODEL

)



Job.ini GEM

intensity measure_types_and_levels = {
"PGA": [0.005, 0.0098, 0.0192, 0.0376, 0.0738, 0.145, 0.284, 0.556, 1.09, 2.13],
"SA(0.1)": [0.005, ©0.0098, 0.0192, 0.0376, 0.0738, 0.145, 0.284, 0.556, 1.09, 2.13]}

* Ground motion intensity measure types and levels (usually in g) for
which the probability of exceedence will be computed

 The independent variable (x-axis)

e Values must be consistent with GMPE(s) being used

Hazard curve for PGA (50.0 years)

10% 4
1071 3
1072 5

1073 3

Probability of exceedance

1074 5

1075

e o t13.50?.42_66?}mean]

HE— IMLS
10 10
Intensity measure level

T
102




Job.ini GEM

truncation level = 3

* Level of truncation of the Gaussian distribution of the logarithm of
ground motion used in the calculation of hazard (typically 3)

maximum distance = 200

* The largest distance (in km) between a rupture and the target
calculation sites in order for the rupture to be considered in the
PSHA calculation.

* (i.e. the distance within which sources will contribute to the
computation of the hazard).



Job.ini GEM

[erf]
rupture_mesh_spacing = 2
width_of mfd bin = 0.2
area_source_discretization = 10.0

Parameters related to the ruptures (ERF = earthquake
rupture forecast)
Here we specify the level of discretization of the:

* mesh representing faults (km)
* magnitude-frequency distribution bins
grid used to delineate the area sources (km)



Job.ini GEM

[site_params]
reference_vs30_value = 800.0
reference_vs30_type = measured
reference_depth_to_2pt5km_per_sec
reference_depth_to_ lptOkm_per_sec

nn
wn
(<]

* Specification of local soil conditions for computation sites

e Parameter required by the majority of GMPEs:
* Vs30(m/s)
 Parameters only used by a few GMPEs (ignored if not needed)
* |f Vs30 was “measured” or “inferred”
e Depth (km) to Vs=2500m/s
* Depth (m) to Vs=1000m/s



Job.ini

[output]
poes = 0.1
mean_hazard_curves = true
quantile_hazard_curves = 0.15 0.5 0.85
hazard_maps = true
uniform_hazard_spectra = true
export_dir = .

* Specifying poes (probability of exceedance) will output hazard maps

* Setting mean_hazard_curves to true will result in a specific output containing
the mean curves of the logic tree

e quantile_hazard curves will produce separate files containing the quantile
hazard curves at the quantiles listed

e Setting uniform_hazard_spectra to true will output the uniform hazard spectra
at the poes specified

* Providing an export directory will tell OpenQuake where to place the output
files if the --exports flag is used in the command line (e.g. og engine —run
job.ini —exports=csv

GEM



Want to see more calculation examples?

OpenQuake
Demos:
https://qgithub.com/q

em/og-
enqgine/tree/master/

demos/hazard

Examples of hazar
calculations using
different source
typologies, logic
trees, eftc..

Branch: master v 0qg-engine / demos / hazard /

B micheles Exported hcurves from GMPETabes

BB AreaSourceClassicalPSHA

BB CharacteristicFaultSourceCase1ClassicalPSHA
BB CharacteristicFaultSourceCase2ClassicalPSHA
BB CharacteristicFaultSourceCase3ClassicalPSHA
B ComplexFaultSourceClassicalPSHA

BB Disaggregation

B EventBasedPSHA

B8 GMPETablePSHA

BB LogicTreeCase1ClassicalPSHA

[skip hazard
[skip hazard
Run demos
Run demos
[skip hazard
Removed th
Removed sa
Exported hc

[skip hazard

GEM



https://github.com/gem/oq-engine/tree/master/demos/hazard

Your OQ reference for this course

GEM

The OQ manual explains all the input
parameters required to run hazard (and
risk) calculations, including examples.

The manual can be found here:
https://docs.opengquake.org/manuals/O

penQuake%20Manual%20%28latest%2
9.pdf

OPENQUAKE ENGINE
USER INSTRUCTION MANUAL

Version 3.4.0

Hands-on-instructions on the
different types of calculations
you can carry out with the
OpenQuake Engine software

GEM> ')\
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https://docs.openquake.org/manuals/OpenQuake Manual (latest).pdf

: GEM
Your OQ reference for this course

* Mistakes? Anything unclear?

« Add you comments to this
Google Document, and we'll

include your suggestion in future
versions of the manual.

OPENQUAKE ENGINE
USER INSTRUCTION MANUAL

Version 3.4.0

Hands-on-instructions on the
different types of calculations
you can carry out with the
OpenQuake Engine software

DBAL
AKE
kDEL
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https://docs.google.com/document/d/1OFVbSjlR6YYs1lUTt7FsZXuGjgm3QuxLIHtDLq6na4U/edit?usp=sharing

Please attribute to the GEM Foundation with a link to

www.globalgquakemodel.org

OSSO

Except where otherwise noted, this work is licensed under

https://creativecommons.org/licenses/by-nc-nd/3.0/

GEM
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