
Status of OEF Development

at the USGS

Michael L. Blanpied

USGS Earthquake Hazards Program

mblanpied@usgs.gov

For CSEP Workshop

September 12, 2015



Is USGS already doing OEF?
• Yes, but… 

– Not uniformly, completely, or using best-available and well-tested methods.

– Not tailored to meet user needs.

• Aftershock forecasts published following larger earthquakes in 

California by the California Integrated Seismic Network. 

– CISN = USGS, CGS, CalOES, Caltech and UC Berkeley

• USGS issues ad hoc formal and informal aftershock probabilities, 

when requested after major earthquakes, domestic and abroad.

– Some based on clustering statistics, when available.

– Some based on time-dependent renewal models.

– Some based on Coulomb stress calculations.



CISN issues Reasenberg & Jones forecasts following 
M≥5 California earthquakes





CISN aftershock forecast



USGS goals in OEF R&D

• Broaden scope to all of USGS and globe,

• Modernize and test calculation methods,

• Tailor products and product delivery to meet identified user needs,

• Improve coordination between USGS, scientific partners, and 

various user groups,

• Advance the science in earthquake forecasting with pathway to 

using best-available methods in operations,

• Integrate OEF into seismic network and product delivery systems,

• Protect the ability of research staff to do research,

• Right-size OEF R&D within the Earthquake Hazards Program.



Guidance from advisory committees

• Proceed with broadening geographic scope of aftershock 

forecasting, and improving communication of aftershock forecasts.

• Further efforts should be guided by identified user needs.

• NEPEC met two weeks ago, preparing report on OEF.

• NEPEC recommendations to be considered by our program 

advisory committee in February.



USGS Powell Center Meetings on OEF

1. Potential Uses of OEF (March 16-19, 2015)
2. Best Science for OEF (Oct 19-22, 2015)
3. Operationalization Challenges for OEF (future?)
4. OEF Testing and Verification (future?)

Project Goal - to deploy at least a prototype OEF system for California   
(although developments will be applicable elsewhere)

SRL submission:

The Potential Uses of Operational Earthquake Forecasting
(A Workshop Report)

by Field, Jordan, Jones, Michael, Blanpied, & the other workshop 
participants… 

Workshop involved discussions among a variety of potential users and model 
developers in an effort to identify potential uses of OEF; also examined lessons 
learned from recent earthquakes and best practices regarding effective 
communication 



Uses/Users Discussed:

• Public preparedness

• Official Advisory Councils

• Emergency Management

• CalOES

• School Systems 

• Caltrans

• Utility Companies

• Hospitals

• Post-Earthquake Building Inspection/Tagging

• Zoning and Building Codes

• Oil and Natural Gas Regulation

• Insurance Industry and Capital Markets

• Others

1. Potential Uses of OEF 
(March 16-19, 2015)



Updating the Reasenberg & Jones aftershock forecast method

Algorithm Improvements:
1) Expand beyond California: implement nation-wide, and develop capability for global 

earthquakes when needed.
2) Determine generic aftershock parameters for global tectonic regions, and additional 

states/regions within the US.
3) Model the time-dependent magnitude of completeness of the catalog when fitting 

sequence-specific parameters.
4) Sequence-specific productivity only, to avoid over-fitting, unless other sequence-

specific parameter are strongly required.
5) Improve methods to combine generic and sequence-specific parameters.

Implementation Improvements:
1) Implement in a modern computer language (Java).
2) Integrate into NEIC operations, interface with Comcat/PDL.

Messaging Improvements:
1) Work with users (e.g. emergency managers) and social scientists to craft new 

message templates for US earthquakes.
2) Experiences from Nepal will inform decisions about whether/how to issue forecasts 

following international earthquakes.



Generic R&J model parameters determined for Garcia 
tectonic regions



Sequence-specific Parameters: Determine sequence-specific 
parameters using the aftershock sequence so far.

- Minimum magnitude from time-dependent magnitude of 
completeness following mainshock.

- Helmstetter et al. (BSSA, 2006) determined for California

- Generalized form:

- G & H parameters depend on catalog, Mm=mainshock
magnitude, Mcat=background completeness level
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Implementation:

Current status:
1. Algorithms defined.  Finalizing global parameters, working on regional parameters.
2. GUI-based research tool developed, can serve as prototype for operational system.
3&4.  Working with potential users and social scientists to construct message templates.
5. Developing interface with Comcat/PDL.
6. Need a path forward to operationalization at NEIC.



USGS Aftershock Advisories for the Gorkha Earthquake

~9000 fatalities, ~23,000 injuries, ~$5B in damage (25% of GDP)



Impetus: Request from the USAID Office of US Foreign Disaster Assistance to 
support their Disaster Assistance Response Team (DART) which coordinated US 
Government disaster response, including search and rescue, with the 
Government of Nepal.

Due to the possible utility of the forecasts to people in the region and other 
response teams, the USGS released these forecasts publicly through the USGS 
Earthquake Program web site.

Incorporated lessons learned from Christchurch.

Coordinated with the US Embassy in Kathmandu.

Tried, but failed to be able, to coordinate with National Society for Earthquake 
Technology and the Nepal National Seismological Centre. 

The Italian OEF program also calculated aftershock probabilities but did not 
release them.

USGS Aftershock Advisories for the Gorkha Earthquake



First 70 hours of Aftershock Sequence with Generic Forecast Model



First 400 hours of Aftershock Sequence with Updated Forecast Model
(original model in red)



Aftershock Sequence after M7.3 aftershock
Fit two a 2-source RJ89 model
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Characterizing the Likelihood of Rare Large Aftershocks



Communications Issues:

Basic problem: simply communicating a distribution that varies with time, 
magnitude, and location.

Additional problem: language issues, distance, societal differences.

Multiple Time Windows:
Aftershock probabilities are useful over a range of time scales.
Multiple time windows can confuse the forecast.
Should they all start at the current time or abut each other.
Solution was focusing on the shortest time window in the advisory and 
including more info in the “statistical analysis.”
What should the shortest and longest intervals be?

Comparing the aftershock hazard to background hazard was difficult due to lack of 
access to a hazard model for Nepal.

USGS Aftershock Advisories for the Gorkha Earthquake



UCERF3-ETAS

Including Spatiotemporal Clustering for a California 

Operational Earthquake Forecast (OEF)

 

By the ongoing Working Group on California Earthquake Probabilities (WGCEP)

Field, E. H. , M. T. Page, T. H. Jordan, J. R. Arrowsmith, G. P. Biasi, P. Bird, T. E. Dawson, K. R. Felzer, D. 
D. Jackson, K. M. Johnson, C. Madden, A. J. Michael, K. R. Milner, T. Parsons,
P. M. Powers, B. E. Shaw, W. R. Thatcher, R. J. Weldon, and Y. Zen

OEF additions: M. Blanpied, J. Hardebeck, L. Jones, W. Marzocchi, K. Porter, 
D. Trugman, M. Werner, N. van der Elst



2014 NSHM (July 2014 release)

Figure courtesy W. Ellsworth



17 Zones, Potentially Induced Seismicity 
Number of M2.7+ earthquakes for the 12-month catalog (May 2014-April 2015)

Raton Basin, 14

Youngstown, 0

Guy-Greenbrier, 0

Cogdell, 4

Oklahoma-S, ~1K

Brewton, 0

Oklahoma-N and Kansas-S, ~2K

Dagger Draw, 0

Timpson, 1

Fashing, 2

Ashtabula, 0

Paradox Valley, 0

Greeley, 1Rangely, 0

Rocky Mountain Arsenal, 0

Azle, 0
Dallas-Fort Worth, 8



Time histories

The 17 sites have different 
behaviors: At Brewton, Paradox,
Rangely, Astabula, Cogdell, and
Fashing (blue stars) the induced 
earthquakes continue for longer 
time periods. Increasing 
seismicity rates in Oklahoma, 
Raton, Azle, and Dallas (orange 
stars.



One model from 2015-OFR. 
Including induced earthquakes

2014 NSHM. 
No induced earthquakes


