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The fundamental principle of science,
the definition almost, Is this: the sole
test of the validity of any idea Is
experiment.
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This isn't right. This isn't even wrong.



Problems in Assessing Predictions

Even Iin the case where a hypothesis is stated:

— Scientific publications provide insufficient information for
Independent evaluation

— Data to evaluate prediction experiments are often
iImproperly specified

— Active researchers are constantly tweaking their
procedures, which become moving targets

— Difficult to find resources to conduct and evaluate long-
term prediction experiments

— Standards are lacking for testing predictions against
reference forecasts



What is CSEP?

CSEP promotes rigorous research on earthquake
predictability through:

— an open and international collaboratory infrastructure

— rigorous and prospective testing of earthquake forecast
models and scientific hypotheses

— a global program In a variety of tectonic environments



Design of an Experiment

What definitions need to be made for a scientific
experiment?
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Design of an Experiment

What definitions need to be made for a scientific
experiment?

— Testing area
— Exact description of forecast

<?7xml version='1.0' encoding='UTF-8'7?=>
<CSEPForecast xmlns='http://www.scec.org/xml-ns/csep/forecast/0.1"'>
<forecastData publiclD='smi:org.scec/csep/forecast/1'=>
<modelName>unknown</modelName>
<version=1.0</version=
<author=CS5EF</author>
<issueDate>2005-06-18T10:30:007</issueDate>
<forecastStartDate>2008-01-01T00:00:00Z</forecastStartDate>
<forecastEndDate>2013-01-01T00:00:00Z</forecastEndDate>
zdefaultMagBinDimension=>@, 1</defaultMagBinDimension>
<lastMagBinOpen>1l</lastMagBinOpen>
zdefaultCellDimension latRange='0.1"' lonRange='0.1'/>
<depthLayer max='30.0"' min="0.0"'=>
<cell lat='44.95"' lon='5.55"'>
<bin m='4.0"'>0.0</bin>

<bin m='

5.0'>0.0</bin>
<bin m='6.0'>3.0</bin>
<bin m='7.0'>3.0</bin>
<bin m='8.0'>3.0</bin>
<bin m='9.0'>?.0</bin>
</cell>
<cell 1lat='45.05" lon='5.55"=>
</cell>
</depthLayer>
</forecastData>

</CSEPForecast>




Design of an Experiment

What definitions need to be made for a scientific
experiment?

— Testing area
— Exact description of forecast
— Exact definition of input data (authorized & calibrated)
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Design of an Experiment

What definitions need to be made for a scientific
experiment?

— Testing area

— Exact description of forecast

— Exact definition of input data (authorized & calibrated)

— Measure of success
— N-Test (Consistency) Eatmsk s o sty
— L-Test  (Consistency) S
— R-Test (Comparison)
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Design of an Experiment

What definitions need to be made for a scientific
experiment?

— Testing area

— Exact description of forecast

— Exact definition of input data (authorized & calibrated)
— Measure of success

— Truly prospective (Zero degrees of freedom)

Goals:

— Reproducibility

— Transparency

— Controlled Environment
— Comparability



We Need a Testing Center

Automated processing of earthquake forecast tests
Storing of all input data, forecast data, and results
Documenting each models code (and changes)
Recomputation abilities (alternative options, bugs)
Truly prospective tests with time delay

Processing independent of modelers

Long-term testing

“Certify” all steps of the testing process



The CSEP Testing Centers

Multi-tier computer system

Test-driven software development (Put the system under
test)

Rigorous testing area definitions

Community standards: rules for the registration and
evaluation of scientific prediction experiments

Communication protocols: procedures for conveying
scientific results and their significance to:

— The scientific community
— Government agencies
— The general public



CSEP Computer System

Development System
Integrate new maodels
Develop software system

csep-devel [development] Software management
Web collaboration
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CSEP Computer System

Web Server
Restricted publication of results
Test center setup information

www.cseptesting.org

Firewall

Operational System
Performing earthquake forecast tests
Publication of results to web server

csep-op [operation] Back up results
Qluarterly software releases

Integration/Cert System
Automated nightly builds
Emulates actual operational system

csep-cert [ce ﬂifitﬂﬂﬂl’l] Testing software and maodel releases

Development System
Integrate new maodels
Develop software system

csep-devel [development] Software management
Web collaboration



SCEC
Testing Center

V9.4 (YUM)

Testing Center

Upcoming

ERI
Testing Center
V8.7 (— YUM)

GNS Science
Testing Center
V9.4 (YUM)

Wellington (”)



Communication Protocols

Result webpages
News Releases
Mailing lists

Weekly minutes
posted on website

File Edit Wiew History Bookmarks Tools Help

& B - @ @ /N 81| httpu/www. cseptesting orgiresults/scec
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Testing Regions

Characterized and calibrated regions
Need a local sponsor/agency
Provide a low-latency earthquake catalog

Earthquake catalog is authorized as independent data source



CSEP Testing Region Japan

1.1.2008
Depth=30km
P=0.999




CSEP Testmg Region Japan

Complete for M > 3.7
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Models Under Test at SCEC

California: RELM Models

Bird & Liu
SHIFT main shock + aftershock model

Ebel et al.
5-yr main shock+aftershock model
5-yr main shock model

Helmstetter, Kagan, Jackson
HKJ 2005 long-term main shock model
HKJ 2005 long-term main shock + aftershock model

Holliday et al.
Pattern Informatics

Kagan et al.
5-yr main shock model
5-yr main shock + aftershock model

Shen, Jackson, and Kagan
Geodetic main shock model
Geodetic main shock + aftershock model

Ward
combo81
geodetic81
geodetic85
geologic81
seismic81
simulation

WG 2002
National Hazard Model

Wiemer & Schorlemmer
Asperity Likelihood Model

California: 5-year Models

Zechar
Triple_S (alarm-based)
Triple_S (rate-based)

Kagan & Jackson
KJSS

California: 1-day Models:

Gerstenberger et al.
STEP

Zhuang et al.
ETAS
ETAS with optimization

Kagan & Jackson
KJSS

California: 3-month Models

Rhoades
EEPAS (5 versions)
PPE (2 versions)

Shebalin et al.
EAST

Western Pacific: 1-year Models

Zechar
Triple_S (alarm-based)
Triple_S (rate-based)

Kagan & Jackson
KJSS

Lombardi & Marzocchi
DBM

Western Pacific: 1-day Models

Kagan & Jackson
KJSS

Global: 1-year Models

Zechar
Triple_S (alarm-based)
Triple_S (rate-based)

Lombardi & Marzocchi
DBM

44 Models




Testing Center (California)

— 19 5-year models have been submitted to the
Testing Center
— Special volume of SRL was published
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Testing

/. Software Testing
devel - ‘
evelopmen . development

Testing
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development

Model
development

Software
development
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Summary

— CSEP expanded to key areas
— CSEP is globally established with 3(5) testing centers

— Blueprint for testing
— Earthquake early warning
— Earthquake source inversions

— CSEP is recognized for rigorous earthquake prediction
research
— Full characterization of regions and experiments
— Standardization of procedures, formats, software, and
experiments



Thank You!

If you're doing an experiment, you
should report everything that you think
might make it invalid — not only what
you think is right about it... Details that
could throw doubt on your

Interpretation must be given, If you
know them.



CSEP Software
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— Retrive data on a daily basis elreve =ata
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— Retrive data on a daily basis
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CSEP Software
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CSEP Software

Retrive data on a daily basis

Prepare data sets for
— Models
— Testing

Prepare for testing

More tests are being developed

Retrieve Data

ANSS Catalog CMT Catalog

Prepare Data

Filter by Location, Simulate Data
Time, Magnitude Uncertainties

Decluster

Generate/
Scale Forecast

Combine Forecast
with Observations

Run Evaluation Tests

RELM N-Test Molchan-Test
RELM L-Test ASS-Test
RELM R-Test ROC-Test

Publish Results



