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USGS Aftershock Forecast Product
We issue aftershock forecasts for most M≥5 earthquakes in the US, 
including territories.  Excludes aftershocks and earthquakes 
directly related to volcanic activity.



Nation-wide forecasting went live in August 2018.  Since then, we have 
manually issued forecasts for 17 earthquakes in the US:
• 13 M≥5.0 earthquakes.
• 4 M4.3-M4.6 events that were widely felt.

Two major earthquake sequences in the US during this time:
• November 2018, M7.1 Anchorage, Alaska.
• July 2019, M6.4 and M7.1 Ridgecrest, California.

Nation-wide automated forecasting just went live in September 2019.



USGS Aftershock Forecast Product

• We are currently using the Reasenberg and Jones model (Science, 1989):

• We have updated their methodology, particularly the handling of uncertainty and time-

dependent magnitude of completeness (Page et al., BSSA, 2016).

• We have developed global “generic” parameters by tectonic regime (Page et al., BSSA, 

2016), and regionalized California parameters (Hardebeck et al., SRL, 2019).

• Forecasts updated with observed aftershocks.  Typically we update only the 

productivity a-value, using Bayesian updating.  Can also determine sequence-specific 

values for other parameters, as needed. 



Generic parameters:
• Anchorage: global on-shore 

subduction zone
• Ridgecrest: California 

hydrothermal regions (Coso)

Page et al. (BSSA, 2016) Hardebeck et al. (SRL, 2019)

SCSN

NCSS



Testing USGS Reasenberg & Jones (discussed at last year’s CSEP workshop)

Why Reasenberg & Jones?
• Decades of use in California.  Approved by NEPEC.
• Useful as a simple and stable model during the development of our operational infrastructure.

Testing goals:
• Transparency: demonstrate that what we’re providing to the public is being evaluated.
• Baseline: as we adopt more complex models (e.g. ETAS), they can be compared to R&J to 

measure improvement.
• Testing the tests: a good statistical test with adequate power should find that ETAS outperforms 

R&J.

Testing challenges:
• Sequence-based, rather than grid-based forecasts as usual for CSEP.
• Earthquake probability distribution is not necessarily Poissonian.
• Overlapping, non-independent, forecasts.



Forecast date duration M3+ forecast
(95% conf)

M3+ observed* M5+ forecast
(95% conf)

M5+ observed

11/30/2018 1 day 10-1100 158 0-12 3

12/1/2018 1 day 30-230 54 0-4 2

12/2/2018 1 day 21-83 17 0-3 0

12/3/2018 1 day 8-27 12 0-2 0

12/4/2018 1 day 9-26 14 0-2 0

12/5/2018 1 day 5-20 6 0-2 0

12/6/2018 1 day 4-17 5 0-2 0

12/7/2018 1 week 28-64 31 0-3 0

12/14/2018 1 week 16-41 9 0-2 0

12/21/2018 1 month 8-39 35 0-2 2

1/28/2019 1 week 0-9 1 4% chance 0

2/4/2019 1 week 0-9 3 3% chance 0

2/13/2019 1 month 6-24 8 0-2 0

3/19/2019 1 month 3-16 7 0-2 0

* May be undercounted at earlier times due to catalog incompleteness.

M7.1 Anchorage Earthquake – Testing

• Forecast on the event page gives the 
95% confidence range of number of 
earthquakes in various time & 
magnitude ranges.  Evaluate by 
comparing with the number observed.

• This ignores the complications of 
overlapping, non-independent, 
forecasts.

• Small number of M≥5 and no M≥6 
aftershocks (consistent with 
forecasts), so we focus on M≥3.

• Observed number of M≥3 aftershocks 
usually within the forecast range, for 
short duration forecasts.



M7.1 Anchorage Earthquake – Testing

• Cumulative number plot is a way to 
see all M≥3 forecasts on one plot.

• Short-duration (1 day) forecasts 
usually accurate.

• Longer-duration forecasts issued 
before 12/21/2018 tend to over-
estimate number of aftershocks.

• We started using a sequence-specific 
decay parameter (Omori Law p-value) 
on 12/21/2018, and the forecast 
performance after that has improved 
greatly.

Figure from Michael et al, submitted 
to the SRL Anchorage special issue.



Ridgecrest forecasts

• First aftershock forecast 35 min after the M6.4, 
using generic aftershock parameters.  Forecast 
updated, adapting the productivity using 
observed aftershocks, over the next day and a 
half.

• When the M7.1 occurred, stopped forecasting for 
the M6.4, which became a foreshock.

• First aftershock forecast for M7.1 issued 47 
minutes after that event, using generic aftershock 
parameters.

• Forecasts updated regularly, adapting productivity 
parameter using observed aftershocks from the 
sequence.

• Began adapting Omori-decay p-value a day after 
the M7.1, as the sequence appeared to be 
decaying faster than generic.  This caused a step 
downward in the forecast.

began updating p-value

M6.4 M7.1



Forecast time 
(days after 
M6.4)

Forecast 
duration 
(days)

M≥3
forecast 
(95%)

M≥3 
observed

M≥5
forecast
(95%)

M≥5 
observed

0.039 1 28-392 77 0-6 1

0.17 1 34-77 49 0-3 1

0.34 1 24-55 38 0-3 1

0.54 1
(includes

M7.1)

19-44 126 0-2 2

1.0 1
(includes 

M7.1)

12-32 177 0-2 1

Ridgecrest Earthquakes – Testing

• Small number of M≥5 aftershocks (consistent with 
forecasts), so we focus on M≥3.

• Forecasts following M6.4 bound the observed 
number, until the M7.1 occurred.

• Forecasts following the M7.1 fluctuate between 
under- and over-prediction.



M7.1 Ridgecrest Earthquake – Testing

• Cumulative number plot to see all M≥3 
forecasts on one plot.

• Short-duration (1 day) forecasts usually 
close to observed.

• Longer-duration forecast fluctuate between 
under- and over-prediction:
§ First few forecasts, which used generic 

p-value, over-estimate.
§ Forecasts with sequence-specific p-

values at first under-estimate, then 
over-estimate.

§ Fitting the c-value doesn’t correct this 
problem.



M7.1 Ridgecrest Earthquake – Testing

• Cumulative number plot to see all M≥3 
forecasts on one plot.

• Short-duration (1 day) forecasts usually 
close to observed.

• Longer-duration forecast fluctuate between 
under- and over-prediction:
§ First few forecasts, which used generic 

p-value, over-estimate.
§ Forecasts with sequence-specific p-

values at first under-estimate, then 
over-estimate.

§ Fitting the c-value doesn’t correct this 
problem.

• The p-value fit to the sequence fluctuates 
over time.  This suggests that this sequence 
is too complex for the simple R&J model. 

fixed (generic)

fixed (generic)

fixed (generic)



M7.1 Ridgecrest Earthquake – Time-Dependent magnitude of completeness
• Plot aftershocks with magnitude and time transformed so that events should be uniform rate.
• Completeness appears to be fit well by the Helmstetter et al (BSSA, 2006) model (red curves), maybe even 

too conservative.



Summary:

USGS Aftershock Forecast Product
• Manual forecasting went live in August 2018, and automated forecasting just went live in September 2019.
• Aftershock forecasts on the main event pages, with text commentary and forecast table.
• Currently computed using Reasenberg & Jones, next step is to implement ETAS.
• Evaluate by comparing the forecast 95% confidence range for the number of earthquakes with the number 

observed. Ignores the complications of overlapping, non-independent, forecasts.

Anchorage earthquake
• Small number of M≥5 and no M≥6 aftershocks, consistent with forecasts.
• Observed number of M≥3 aftershocks usually within the forecast range for short duration forecasts.
• Longer-duration forecasts issued with generic p-value tend to over-estimate number of aftershocks.
• We started using a sequence-specific p-value, and the forecast performance after that has improved greatly.

Ridgecrest sequence
• Small number of M≥5 aftershocks, consistent with forecasts.
• Observed number of M≥3 aftershocks usually close to observed for short duration forecasts.
• Longer-duration forecast fluctuate between under- and over-prediction.
• The p-value fit to the sequence fluctuates over time.  This suggests that this sequence is too complex for the 

simple R&J model.


