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Regional Earthquake Likelihood Models 
(RELM) experiment in California

• Objective: forecast rate of MANSS
≥ 4.95 eqks in California for the 
following five years

• Seventeen 5­year forecasts
– 12 mainshock forecasts
– 5 mainshock+aftershock

forecasts

• Forecasts are specified as 
number of expected eqks in 
lat/lon/mag bins (0.1° x 0.1° x 
0.1).

• Forecasts evaluated for 
consistency with observations 
using likelihood tests. Schorlemmer & Gerstenberger, 2007



MAINSHOCK MODELS
(For details, see 2007 special issue of Seismological Research Letters)



Ebel

• Decluster 1932‐2004 
catalog

• Determine average 5 yr 
rate of M5+ events in 0.3°x 
0.3° cells

• Use Gutenberg‐Richter 
relation to extrapolate



Helmstetter

• Power‐law smoothing of 
M2+ events
– Bandwidth is density‐
dependent and optimized

• Account for spatially‐
varying Mc



Holliday

• Search for recent changes 
in seismicity of each cell 
relative to long‐term 
behavior
– Activation and quiescence

• One variant of the Pattern 
Informaticsmethod



Kagan

• Smooths large events in 
southern California since 
1800

• Includes spatial 
anisotropy, extending the 
event along the presumed 
fault



Shen

• Uses GPS data

• Assumes seismicity rate is 
proportional to horizontal 
maximum shear strain 
rate

• Uses tapered Gutenberg‐
Richter relation for 
extrapolation



Ward’s geodetic forecast

• Uses larger GPS dataset

• Slight variation on 
mapping strain rate to 
seismicity rate

• Assumes maximum 
magnitude Mmax= 8.1



Ward’s geodetic forecast

• Same as previous, except 
assuming Mmax= 8.5



Ward’s geologic model

• Uses geologic data

• Maps slip rates to 
smoothed moment rate 
density, then to seismicity 
rate



Ward’s seismic forecast

• Smoothed large events 
since 1850



Ward’s simulation forecast

• Derived from “physics‐
based” simulations of 
velocity‐weakening 
friction on a prescribed 
fault network

• One variant of the ALLCAL 
eqk simulator



Ward’s combination

• Average of Ward’s 
forecasts



Wiemer

• Estimates Gutenberg‐
Richter a­ and b­values in 
every cell

• Variations in these 
parameters are assumed 
to indicate presence of 
asperities
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Test Region: NW & SW Pacific
• Global CMT catalog, 2009

• One year period 

• Centroid Location & Mw

• Mw>5.8 & Depth<70km

• „Undeclustered“ catalog

• Two study regions
‣ NW:  32 Eq for 2009 
‣ SW:  63 Eq for 2009 
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CMT 2009: Nw- & Sw-Pacific
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Method: Error Estimation

8

• Location uncertainty: σx = σy = 30km (M. Nettles personal communication)

• Moment uncertainty: σM0
= 0.2 ∗ M0 (M. Nettles personal communication)

• 1000 perturbed catalogs were used

Score Original Catalog

Original CMT 
Catalog

Perturbed 
Catalogs1D/2D Gaussian 

distribution 
Filter according to 

Testregion

Calculate 
Test Scores mean Score

std. dev. of Scores

Result

x1000 times

Location &
Total Moment

Montag, 23. Mai 2011





Model
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Consistency results

95% confidence
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Comparison results

Arrow points to the “winner,” colored arrows indicate statistical significance (95% confidence)



Conclusions & 
Outlook

• Most forecasts are consistent 
with observations, but some 
forecasts are better than 
others.  Helmstetter et al. 
smoothed seismicity seems 
to be the best.

• We are conducting a 
comprehensive analysis of 
these results, with an 
emphasis on stability and 
uncertainties.




	Results from the Regional Earthquake Likelihood Models experiment
	Regional Earthquake Likelihood Models (RELM) experiment in California
	Mainshock Models
	Ebel
	Helmstetter
	Holliday
	Kagan
	Shen
	Ward’s geodetic forecast
	Ward’s geodetic forecast
	Ward’s geologic model
	Ward’s seismic forecast
	Ward’s simulation forecast
	Ward’s combination
	Wiemer
	Declustering
	Methods of Evaluation
	Forecast consistency with observation
	How good is the forecast?
	Generalized to many bins
	L(W|L)
	L-test
	Total rate of eqks
	N-test
	RELM �forecast
	RELM �observation
	RELM likelihood statistics
	RELM consistency metrics
	But how to compare two forecasts?
	Observations and results
	Observations
	Consistency results
	Comparison results
	Slide Number 34
	Slide Number 35
	Mainshock-aftershock Models
	Bird
	Ebel
	Helmstetter
	Kagan
	Shen
	Consistency results
	Comparison results
	blank.pdf
	Results from the Regional Earthquake Likelihood Models experiment
	Regional Earthquake Likelihood Models (RELM) experiment in California
	Mainshock Models
	Ebel
	Helmstetter
	Holliday
	Kagan
	Shen
	Ward’s geodetic forecast
	Ward’s geodetic forecast
	Ward’s geologic model
	Ward’s seismic forecast
	Ward’s simulation forecast
	Ward’s combination
	Wiemer
	Declustering
	Methods of Evaluation
	Forecast consistency with observation
	How good is the forecast?
	Generalized to many bins
	L(W|L)
	L-test
	Total rate of eqks
	N-test
	RELM �forecast
	RELM �observation
	RELM likelihood statistics
	RELM consistency metrics
	But how to compare two forecasts?
	Observations and results
	Observations
	Consistency results
	Comparison results
	Slide Number 34
	Slide Number 35
	Mainshock-aftershock Models
	Bird
	Ebel
	Helmstetter
	Kagan
	Shen
	Consistency results
	Comparison results

	zechar_corssa.pdf
	CORSSA: Community Online Resource for Statistical Seismicity Analysis
	What is CORSSA?
	Why? 
	Why? 
	Who, and how? 
	Who? 
	How? A workshop, literally
	Slide Number 8
	The CORSSA editorial committee
	Slide Number 10
	The goal of CORSSA
	CORSSA readers
	Elements of CORSSA
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Theme Contents
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	The plan 
	Articles as PDF
	Slide Number 31
	We are not done yet...
	Citing CORSSA articles
	Slide Number 34
	How can you contribute? 
	Who supports CORSSA? 




