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@ SCEC Capabilities
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@ OpenSHA

A Open-source platform for Seismic Hazard Analysis

e [timplements ERFs and combining them with ground Tntensiey Jf | Site Measure
. Measure Relationship
motion models to compute hazard products e sors e

List of Site-Related
Independent Parameters

e ltis used both on local workstations and in large-scale
environments (e.g., HPC systems)

Hazard Calculation

e Aframework where any arbitrarily complex (e.g., physics
based) SHA component can “plug in” for end-to-end SHA
calculations

Figure from Ned Field



@ OpenSHA User Cases - Hazard Curves

1. Select Ground motion model 2. Select ERF 3. Results (plots and csv files)
(GMM), Intensity Measure (IM) and e —
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1. Select GMM and IM

2. Define an earthquake rupture
(create a custom one or choose one
from ERF)

3. Define a geographic region and
site conditions

Figures from OpenSHA tutorials

OpenSHA User Cases - Scenario Shakemap
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@ OpenSHA Future Improvements
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@ SCEC Capabilities
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@ UCERF3-ETAS

UCERF3-ETAS

Uniform California Earthquake Rupture

Forecast, Version 3 (UCERF3) Epidemic Type Aftershock Sequence (ETAS)

=4 ¥X Main Shock

R Uniform California Earthquake
e / l \

Rupture Forecast, Version 3
A PAg PAg Primary Aftershocks

/I

PA G Y% Y% Secondary Aftershocks

4

M=6.7 Earthquake
Participation Rates (per year)

Tertiary Aftershocks

UCERF3-ETAS simulates time-dependent clustered seismicity from days to hundreds of years
e Inputs can include:
e  Historical catalog
e Scenario events
e  Trigger ruptures, either on or between UCERF3 faults
e Outputs are suites of synthetic seismicity catalogs Figures from Kevin Milner
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Aftershock Sequence Forecasting

2019 M7.1 Ridgecrest
sequence example

Figures from Kevin Milner
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UCERF3-ETAS
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(a)
The Collaboratory for the Study of Earthquake Predictability (CSEP) 37w gt |
pyCSEP provides open-source implementations of ' i
useful tools for evaluating earthquake forecasts with
real data
e (Grid-based probabilistic earthquake forecast |
e Catalog-based probabilistic earthquake forecast
(e.g., UCERF3-ETAS)
e Number test
. Spatial test 119°W 118.5°W 118°W 117.5°W 117°W 116.5°W 116°W
e Magnitude test ®) — -
e Pseudolikelihood test al
ézsou é‘m’“ y=P(X=x)=0.07
gzooo % w=—5.90
E 1500 51=P(X = x) =0.82 g 1500
E " Zz:é’z();sx)=0.19 E

Sav ra n et a | .y (20 20) 0 1000 2000 3000 4000 5000 6000 0 -85 -8.0 ~7.5 -7 —B.5 -6.0 -535 -5.0

Event count of catalogs Normalized pseudolikelihood
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UCERF3-ETAS

@ UCERF3-ETAS Spontaneous Calculations

Used to create realistic statewide synthetic catalogs Figures from Kevin Milner
e 100k realizations of the next 1 year of seismicity

e 1krealizations of the next 500 years to look at behavior over multiple seismic cycles

» Extreme
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M>5 aftershocks
Ridgecrest sequence

M>7 aftershocks
Ridgecrest sequence

1-year catalog
Statewide forecast

UCERF3-ETAS

|

Small-scale run
~100s realizations

Command-line
interface

Large-scale run
10,000s realizations

Quakeworx

UCERF3-ETAS
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Quakeworx

(QuAKEWORX

e A web-based cyberinfrastructure for the community to run and contribute advanced computational

tools

e |t curates a suite of state-of-the-art earthquake modeling codes, runnable via a web browser or

command line

/~  Ground Motion Model

Site response

Hazard curve

Earthquake Rupture

Forecast (ERF)

Kinematic/Dynamic
rupture
.20

Synthetic seismogram

Hazard curve

Hazard
Forecast

Physics-
based Hazard
Forecast

\ §
@UAKEWORX

Seismicity /
Earthquake
Cycle
Forecast

_—
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1. Select an app

g apps
List of apps available on this site.

About Apps and Jobs: Apps are software applications that are configured to be executed on a predefined compute system. Launching an
App creates a Job that stores its configuration and state.

App type. Search

Any- v | ucerrs Apply

UcERFETAS uceRFETRS
BATCH APP  EXECUTABLE BATCH APP EXECUTABLE
UCERF3 ETAS UCERF3 ETAS Tutorial
ver, 069e27e ver, 069e27e-t

system. Expanse senvice system Expanse senvice
UCERF3 ETAS Application UCERF3 ETAS Application

Quakeworx Web

2. Define parameters

ICERF3-ETAS Parameters

Please specify the following UCERF3-ETAS parameters

Eventid *

‘ ci40865184

ComCat event ID, can be extracted from the USGS event page URL
*
Number of simulations
200

Number of simulated catalogs to generate. More catalogs result in longer runtime
but better statistics, especially for rare events.

Days before .

The number of days of seismicity to include before the specified event (foreshocks).

Figures from Akash Batthal

Portal

3. Set up computing
environment

Job name *

UCERF3 ETAS Tutorial_38
Specify a name for this job
System *

Expanse service W
The system to run this app on
Batch Logical Queue

shared ~'

The batch logical queue to run this app on.

Allocation *
uscta3

The allocation ID to use for running this app.

¥ Job resources
Specify the job resources for this app

The number of nodes to use for running this app.

The number of cores to use per node.

*

The amount of memory to use for running this app.

Max runtime (minutes) *
30

The maximum amount of time to run this app.

@UAKEWORX

4. Outputs
®

& filebrowser.db
& ospjob_proxy_info.txt (158 B)
—- & outputs (56 KB)
t— & config.json (1.92 KB)
[#- & config_input_plots (56 KB)
{— & index.html (12917 KB)
[ indexcpdf] 628 M)
& markdown.css (16.22 KB)
t~ & opensha-all.jar (10118 MB)
f- & ospjob.log (309.96 KB)
[#- & plots (147.5 KB)
{- & README.md (73.97 KB)
[~ & results (110.5 KB)
{— & results_complete.bin (745.35 KB)
f— & results_m5_preserve_chain.bin (17.98 KB)
t— & tapisjob.out (1.86 KB)
& tapisjob.sh (2.47 KB)
{— & tapisjob.env (1.4 KB)
L & tapisjob.sh (2.47 KB)
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Physics-based Ground
Motion Forecast

/Broadband Platform\

Seis) Sol

Moose-FARMS

Reduced-Order Models

Quakeworx Apps

Seismicity / Earthquake

Cycle Forecast

-

UCERF3-ETAS

TANDEM

RSQSim

(ROMSs)
N /

kH FQsim

~

/

(QuakewoRrx

Community Model

Unified Community
Velocity Model (UCVM)

Earthquake Forecast
Evaluation

@

- J
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Guiding Principles

Develop a range of open-source tools to forecast ruptures,
aftershocks, and seismic hazard, based on best available science

Reduce technical barrier and accelerate scientific discovery
Support scientific research, operational aftershock forecasting during

major sequences, engineering applications, and catastrophe risk
models used in the insurance sector
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